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�5DM�-DJGLVK�7KDNUH���'U��'LY\D�6KDUPD

�6WXGHQW���$VVLVWDQW�3URIHVVRU
'HSW��RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH

$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ
3XQH��0DKDUDVKWUD��,QGLD

$EVWUDFW

9DOXDWLRQ�RI�UHDO�HVWDWH�FDQ�EH�GLIILFXOW�DV�WKH�YDOXHV�FDQ�YHHU�JUHDWO\�EHWZHHQ�UHJLRQV�ZLWK�PDQ\�YDULDEOHV�
WR�FRQVLGHU��:KDW�WKLV�DUWLFOH�LQWURGXFHV�LV�WKH�VXPPDU\�RI�VHYHUDO�VWXGLHV�WKDW�KDYH�EHHQ�GRQH�EHWZHHQ�
�����DQG������ZKHUH�0DFKLQH�/HDUQLQJ��0/��VWUDWHJLHV�KDYH�EHHQ�XVHG�WR�SURMHFW�UHDO�HVWDWH�SULFLQJ��,Q�
UHDOWLPH��ORFDWLRQ�DQG�ORFDO�YDULDEOHV�GLGQ¶W�UHFHLYH�PXFK�FRQFHQWUDWH��DQG�PRVW�VWXGLHV�KDYH�IRFXVVHG�RQ�
UHJUHVVLRQ�RU�WUHH�EDVHG�PRGHOV�VXFK�DV�HQVHPEOH�RU�QHXUDO�QHWZRUNV��7UDLW�VHOHFWLRQ�ZDVQ¶W�IXOO\�FDUULHG�
RXW�DQG�LQYROYHG�PRGHOV�DUH�KDUG�WR�H[SODLQ� DQG�VR��WKLV�DUWLFOH�ZLOO�DLP�WR�FUHDWH�D���SDUW�IUDPHZRUN����
PL[HG�PRGHOV�ZLOO�EH�FRPSDUHG��/LQHDU�5HJUHVVLRQ��5DQGRP�)RUHVW��;*%RRVW��/LJKW*%0��&DW%RRVW�DQG�
*UDSK�1HXUDO�1HWZRUN��*11����6+$3�ZLOO�EH�DSSOLHG�WR�H[SODLQ�WKH�PRGHOV�DQG�D�//0�ZLOO�EH�DSSOLHG�WR�
VXSSO\�DQ\�VXPPDU\�RI�FUHGLW�YDOXHV��$XWR0/�ZLOO�EH�DSSOLHG�WR�GR�TXDOLW\�VHOHFWLRQ��)URP�WKLV�YLHZ��RQH�
PHWKRG�KDV�EHHQ�SXW�WRJHWKHU�IRU�WKH�DVVHVVPHQW�RI�WKLV�VXJJHVWHG�IUDPHZRUN�DSSO\LQJ�0$(�DQG�506(�
YDOXHV��$V��WKLV�LV�D�IXUWKHU�UHYLHZ�DQG�GHVLJQ�SDSHU�WKHUH�DUH�QR�ILQGLQJV�RIIHUHG�

.H\ZRUGV� ��5HDO� (VWDWH� 3ULFH� 3UHGLFWLRQ��+RXVH� 3ULFH� 3UHGLFWLRQ��0DFKLQH�/HDUQLQJ��$XWR0/��*UDSK�
1HXUDO�1HWZRUN��([SODLQDEOH�$,��6+$3��/DUJH�/DQJXDJH�0RGHO��*HRVSDWLDO�$QDO\WLFV

,��,QWURGXFWLRQ

0\� SRLQW� LV� LW¶V�� UHFHQW� DGYDQFHPHQWV� KDYH��PRUH� DFFXUDWHO\�� SHUPLWWHG� IRU� KRXVH� SULFHV� WR� EH� XVXDOO\�
DQWLFLSDWHG�ZLWK�PXFK�PRUH�SUHFLVLRQ��DW�OHDVW�HPSLULFDOO\��UHDOO\��VWDWHG�VHSDUDWHO\��IHDWXUH�SULFH�SUHGLFWLRQ�
LV�W\SLFDOO\�ZKHQ�0/�PRGHOV�DUH�QRUPDOO\�DGRSWHG�WR�SURMHFW�WKH�YDOXH�RI�D�FKDUDFWHULVWLF�DSSO\LQJ�KLVWRULFDO�
UHDO�HVWDWH�GDWD��LQ�UHDO�ZRUOG�FDVHV�LQ�WKH�ILHOGV�RI�$UWLILFLDO�,QWHOOLJHQFH��$,��DQG�0/��RQ�WKH�ZKROH��>�@��
>�@�

0RVW�FRQVLGHUDEO\��WKHUH�DUH�FRQVLVWHQWO\��VSHFLILFDOO\�LQ�WKLV�VHWWLQJ��PDQ\�IDFWRUV�WKDW�JR�LQWR�WKH�DVVHVVLQJ�
WKH�YDOXH�RI�D�KRXVH��:KDW¶V�PRUH��DOO� WKHVH� IDFWRUV�FRXOG�� DIWHU�DOO��PD\EH�EH� WKH�KRXVH� ORFDWLRQ�� VL]H��
QXPEHU�RI�EHGURRPV��QXPEHU�RI� DPHQLWLHV� DURXQG�� LQIUDVWUXFWXUH� DQG� WKH�PDUNHW�� LQ� DFWXDO� DSSOLFDWLRQ��
7DNHQ�WRJHWKHU��P/�DOJRULWKPV�FDQ�ORRN�WKURXJK�WKH�ODUJH�DPRXQWV�RI�GDWD�WR�VSRW�UHODWLRQVKLSV�EHWZHHQ�WKH�
IDFWRUV��ZKLFK�KHOSV�SHRSOH�EX\�VHOO��LQYHVW��EDQNV�DQG�DJHQFLHV�WR�PDNH�UHJXODUO\�LQIRUPHG�GHFLVLRQV��WKLV�
KDV�EHHQ�ODUJHO\�XVHG�LQ�UHDO�HVWDWH�SODWIRUPV�XVLQJ�$,�DQG�DQDO\WLFV�
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0RUH�RU�OHVV�PDLQO\�EX\LQJ�D�KRPH�LV�WKH�ELJJHVW�LQYHVWPHQW�PRVW�IDPLOLHV�ZLOO��LQ�WKLV�FRQWH[W��PDNH��VR�
PRQH\�RQ�WKH�DVVHW�ZLOO�EH�JHQHUDOO\�ORDQHG�E\�EDQNV�DQG�LQYHVWRUV��$JDLQVW�WKLV�EDFNGURS��RIWHQ�DSSO\LQJ�
D�GDWD�GULYHQ�VWUDWHJ\�ZLOO�KHOS�WR�PDNH�SUHGLFWLRQV�TXLFNO\�DQG�FRQVLVWHQWO\��LQ�SDUWLFXODU�LQ�WKLV�VHWWLQJ��
�WR�EH�SUHFLVH�LQ�WKLV�VHWWLQJ���WKLV�FDQ�RQO\�EH�GRQH�E\�KDYLQJ�WKH�ULJKW�WUDLWV�LQ�RXU�PRGHO�DQG�PDNLQJ�VXUH�
RXU�SUHGLFWLRQV�DUH�SUHFLVH�DQG�HDV\�WR�UHDG�DV�

:KDW¶V�PRUH��ZKDW�WKLV�DUWLFOH FKHFNV�RXW�LV�WKH�SURFHVV�RI�SURMHFWLQJ�KRXVH�SULFHV��ZKLFK�LV�ZK\�D�OLWHUDWXUH�
UHYLHZ�KDV�EHHQ�FRPSOHWHG�WR�UHYHDO�WKH�ZHDNHVW�SRLQWV�LQ�WKH�SURFHVV��RQ�WKH�ZKROH��GDWD�SUHSDUDWLRQV��WUDLW�
VHOHFWLRQ��PRGHO�FRPSDULVRQV�DQG�H[SODQDWLRQV�KDYH�EHHQ�WDFNOHG��LQ�WXUQ��D�GHVLJQ�KDV�EHHQ�SXW�IRUZDUG�
WR�EULQJ�HYHU\WKLQJ�WRJHWKHU��DOO�WKLQJV�FRQVLGHUHG��%XLOGLQJ�RQ�WKLV�REVHUYDWLRQ��NH\�FOXHV�RI�WKLV�DUWLFOH�
DUH�

� 7R�H[SODLQ��$�FRPSDUDWLYH�UHYLHZ�RI�ILIWHHQ�VWXGLHV�JUHDWO\�SXEOLVKHG�EHWZHHQ������DQG�������WR�D�
QRWLFHDEOH�GHJUHH�

� $�OLVW�RI�UHVHDUFK�JDSV�SXW�WRJHWKHU�IURP�WKDW�UHYLHZ�

� +RZ�DERXW�WKLV��$�SHUVRQ�IUDPHZRUN�WKDW�OLQNV�$XWR0/ FKDUDFWHULVWLF�VHOHFWLRQ��PRGHO�FRPSDULVRQ�
�LQFOXGLQJ�D�*11���6+$3�H[SODQDWLRQ�DQG�//0�JHQHUDWHG�UHSRUWV��LQ�PDQ\�UHVSHFWV�

� $Q�FKHFN�SODQ�ZLWK�VXLWDEOH�PHWULFV�

$�FRPSDUDWLYH�VWXG\�RI�ILIWHHQ�DUWLFOHV�FXUUHQWO\�SXEOLVKHG�ZDV�PDGH�KDSSHQ�EHWZHHQ������DQG�������DQG�
LQWURGXFH�D�FRPELQHG�IUDPHZRUN�IRU�DSSO\LQJ�$XWR0/�IRU�FUHGLW�VHOHFWLRQ��*11�IRU�PRGHO�FRPSDULVRQ��
6+$3�IRU�H[SODQDWLRQ�DQG�//0�IRU�UHSRUW�JHQHUDWLRQ��WKLV�DUWLFOH�ZLOO�EH�FXUUHQWO\�RUJDQLVHG�ZLWK�VHFWLRQ�
,,�QRUPDOO\�RXWOLQLQJ�EDFNJURXQG��VHFWLRQ�,,,�RXWOLQHV�RXU�NH\�ILQGLQJV��VHFWLRQ�,9�WDFNOHV�VKRUWFRPLQJV�LQ�
UHVHDUFK�DQG�VHFWLRQ�9�SURYLGHV�DQ�RYHUYLHZ�RI�RXU�VXJJHVWHG�PHWKRG��LQ�WKH�PDLQ��%HIRUH�L�JR�D�FRQFOXVLRQ�
LV� RIIHUHG�� :KDW� VHFWLRQ� 9,� RXWOLQHV� LV� KRZ� ZH� SHUIRUPHG� FKHFN�� 6HFWLRQ� 9,,� DQG� 9,,,� RXWOLQH� WKH�
VKRUWFRPLQJV�DQG�IXWXUH�ZRUN�LQ�OLJKW�RI�WKLV�G\QDPLF��LQ�WKH�PDLQ�

$��3UREOHP�6WDWHPHQW

5HDO�HVWDWH�SULFHV�GLIIHU�FRQVLGHUDEO\�DV�VWDWHG�E\�JHRJUDSKLFDO�ORFDWLRQ��DQG�H[LVWLQJ�0/�PRGHOV�KDYH�OLWWOH�
UHJDUG�IRU�UHDO�WLPH�ORFDWLRQ�DQG�WKH�VXUURXQGLQJ�VXEILHOG��ZKLFK�OLPLWV�WKHLU�SUHGLFWLRQ�H[DFWQHVV��LQ�DFWXDO�
DSSOLFDWLRQ�

%��5HVHDUFK�2EMHFWLYHV

� 7R� ILQG�� YLD� $XWR0/�EDVHG� WUDLW� VHOHFWLRQ�� WKH� FKDUDFWHULVWLFV� PRVW� VWURQJO\� LQIOXHQFLQJ�
FKDUDFWHULVWLF�SULFHV�

� 7R�FRPSDUH�VL[�0/�VWUDWHJLHV�IRU�UHDO�HVWDWH�SULFH�SUHGLFWLRQ��VXFK�DV�/LQHDU�5HJUHVVLRQ��5DQGRP�
)RUHVW��;*%RRVW��/LJKW*%0��&DW%RRVW�DQG�*UDSK�1HXUDO�1HWZRUNV��*11���DW�OHDVW�LQ�SUDFWLFH�

� 7R�JDWKHU�WKH�PHWULFV�RIWHQ�DSSOLHG�WR�FRPSDUH�SULFH�SUHGLFWLRQ�PRGHOV��VSHFLILFDOO\�0$(��506(�
DQG�WKH�5ðVFRUH�

� 7R�DQDO\VH�([SODLQDEOH�$,� �;$,�� WHFKQLTXHV�� LQ�SDUWLFXODU�6+$3�� IRU� WDNLQJ� DV�0/�EDVHG�SULFH�
SUHGLFWLRQV�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͕͕͐ иϙ�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib( иϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͓͔͒

� 7R�VWXG\�ZKHWKHU�/DUJH�/DQJXDJH�0RGHOV��//0V��FDQ��LQ�HIIHFW��PRVWO\�WXUQ�SUHGLFWLRQ�ILQGLQJV�
LQWR�WKH�HOHPHQWDU\�H[SODQDWLRQV�DQG�YDOXDWLRQ�VXPPDULHV��WR�D�QRWLFHDEOH�GHJUHH��LQ�PDQ\�UHVSHFWV�

&��5HOHYDQFH�WR�&XUUHQW�7HFKQRORJ\�7UHQGV

0DFKLQH� OHDUQLQJ� $OJRULWKPV�VXFK�DV�;*%RRVW��/LJKW*%0��&DW%RRVW�DQG�5DQGRP�)RUHVW�PDNH�PRUH�
H[DFW�SUHGLFWLRQV�WKDQ�FODVVLF�PHWKRGV��DOO�WKLQJV�W\SLFDOO\�FRQVLGHUHG�

$XWR0/�$XWR0/�SLFNV�FUHGLWV��DOJRULWKPV�DQG�PRGHO�IDFWRUV�RQ�LWV�RZQ��JHQHUDOO\�VKRUWHQLQJ�GHYHORSPHQW�
WLPH�DQG�UDLVLQJ�PRGHO�SHUIRUPDQFH��DW�OHDVW�HPSLULFDOO\�

*UDSK� QHXUDO� QHWZRUNV� *11V� UHSUHVHQW� WKH� OLQNV� EHWZHHQ� QHLJKERXULQJ� FKDUDFWHULVWLFV� DQG� WKHLU
VXUURXQGLQJV��WKDW�ZD\�FRPPRQO\�LQFUHDVLQJ�SUHGLFWLRQ�SUHFLVLRQ��DW�OHDVW�LQ�SULQFLSOH�

/DUJH� ODQJXDJH�PRGHOV� //0V�FDQ�� LQ� WKLV�VHWWLQJ��SUREDEO\�ZULWH�VWUDLJKWIRUZDUG�H[SODQDWLRQV��PDUNHW�
VXPPDULHV� DQG�YDOXDWLRQ� UHSRUWV�� XVXDOO\�KHOSLQJ�EX\HUV�� VHOOHUV� DQG� LQYHVWRUV�XQGHUVWDQG� D�SUHGLFWLRQ��
EURDGO\�VSHDNLQJ�

*HRVSDWLDO�DQDO\WLFV� /RFDWLRQ�GDWD��VXFK�DV�WKH�GLVWDQFH�WR�VFKRROV��KRVSLWDOV��WUDQVSRUW�DQG�FRPPHUFLDO�
VXEILHOGV��FDQ��LQ�HIIHFW��LQFUHDVH�YDOXDWLRQ�H[DFWQHVV��DW�OHDVW�IRU�QRZ�

,,��/LWHUDWXUH�5HYLHZ

7KH�LQLWLDO�VWXGLHV�ZHUH�XQFRPSOLFDWHG�PRGHOV�DSSO\LQJ�D�IHZ�YDULDEOHV�VXFK�DV�OLQHDU�UHJUHVVLRQ��EURDGO\�
VSHDNLQJ��RYHU�WLPH��WKHUH�DUH�ILIWHHQ�VWXGLHV�DOO�VSDQQLQJ�WHQ�\HDUV�WR�UHYHDO�GHYHORSPHQW�RI�WKH�VFKHPHV��
LQ�UHDO�ZRUOG�FDVHV��EURDGO\�VSHDNLQJ� >��@��7KH�VWXGLHV�IDOO�LQWR�D�IHZ�JURXSV��H[DPLQHG�LQ�GHWDLO�EHORZ�
DQG�VXPPDULVHG�LQ�7DEOH�,��DW�OHDVW�IRU�QRZ��WKH�PRVW�UHFHQW�VWXGLHV��IURP������WR�������DSSO\�HQVHPEOHV��
JHRJUDSKLF�GDWD�IXVLRQ��PDFURHFRQRPLF�WUDLWV�DQG�H[SODLQDEOH�VWUDWHJLHV�>�@±>�@��DW�OHDVW�HPSLULFDOO\��DQG�
ZLWKLQ�WKLV�IUDPHZRUN��VWXGLHV�EHWZHHQ������DQG������DSSOLHG�K\EULG��UHJXODULVHG�DQG�IHDWXUH�VHOHFWLRQ�
WHFKQLTXHV�� DQG� GLUHFW� FRPSDULVRQV� RI� VHYHUDO� 0/� PRGHOV� ZLWK� HDFK� SHUVRQ� RWKHU� DQG� ZLWK� KHGRQLF�
UHJUHVVLRQ�>�@±>��@��LQ�UHDO�ZRUOG�FDVHV�

7$%/(�,

6800$5<�2)�5(9,(:('�678',(6

5HI� $SSURDFK .H\�&RQWULEXWLRQ /LPLWDWLRQ

>�@�������
/LQHDU�UHJUHVVLRQ��695��
UDQGRP�IRUHVW��0/3��
/LJKW*%0��6+$3

([SODLQDEOH�ZRUNIORZ�
ZLWK�PRQHWDU\�
ERQXV�PDOXV�WDEOHV��
UDQGRP�IRUHVW�JDYH�WKH�
EHVW�EDODQFH�RI�DFFXUDF\�
DQG�H[SODQDWLRQ

/LVWLQJ�SULFHV��RQH�FLW\��VPDOO�JDLQ�
RYHU�OLQHDU�PRGHO

>�@�������
3URWRW\SH�EDVHG�
OHDUQLQJ��QRQ�OLQHDU�
UHJUHVVLRQ

$FFXUDWH�DQG�H[SODLQDEOH�
YDOXDWLRQ�XVLQJ�SURWRW\SH�
FRPSDULVRQ

6FDODELOLW\�DQG�SURWRW\SH�VHOHFWLRQ

>�@�������
/LQHDU�UHJUHVVLRQ��
GHFLVLRQ�WUHH��UDQGRP�
IRUHVW

0/�LPSURYHV�KRXVH�SULFH�
SUHGLFWLRQ�ZKHQ�GDWD�
TXDOLW\�LV�JRRG

'DWD�TXDOLW\�DQG�IHDWXUH�VHOHFWLRQ
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>�@�������
&11��0/3��
JHRJUDSKLFDO�GDWD�IXVLRQ

*HRJUDSKLFDO�GDWD�
LPSURYHV�UHVLGHQWLDO�
YDOXDWLRQ�DFFXUDF\

6SDWLDO�SURFHVVLQJ�DQG�PRGHO�
FRPSOH[LW\

>�@�������
/RJLVWLF�UHJUHVVLRQ��
UDQGRP�IRUHVW��YRWLQJ�
FODVVLILHU

(QVHPEOH�JDYH�EHWWHU�
DFFXUDF\�WKDQ�LQGLYLGXDO�
PRGHOV

'DWD�SUHSURFHVVLQJ�DQG�
JHQHUDOLVDWLRQ

>�@�������
([WUD�7UHHV��N11��
UDQGRP�IRUHVW�YHUVXV�
2/6

0/�PRGHOV�EHDW�WKH�
KHGRQLF�EDVHOLQH�LQ�WHVW�
5ð�DQG�HUURU

2QH�+RQJ�.RQJ�GLVWULFW��
LQWHUSUHWDELOLW\

>�@�������
'HFLVLRQ�WUHH��UDQGRP�
IRUHVW��;*%RRVW�RQ�
SRROHG�UHJLRQV

0XOWL�UHJLRQ�GDWD��
LQWHUHVW�UDWH�IHDWXUH�
KHOSHG��VDOH�SULFH�PRYLQJ�
DYHUDJHV�JDYH�VXVSHFW�
VFRUHV

3UHSULQW��RQH�PDUNHW��-HRQVDH�

>�@�������
$11�ZLWK�ERRVWHG�
IHDWXUH�VHOHFWLRQ

)HDWXUH�VHOHFWLRQ�
LPSURYHG�$11�DFFXUDF\�
DQG�UHYHDOHG�LPSRUWDQW�
IHDWXUHV

$11�LQWHUSUHWDELOLW\�DQG�
FRPSXWDWLRQDO�FRVW

>�@�������
'HFLVLRQ�WUHH��690��
UHJUHVVLRQ

3URSHUW\�IHDWXUHV�LPSURYH�
SUHGLFWLRQ�SHUIRUPDQFH

)HDWXUH�HQJLQHHULQJ�DQG�SUHGLFWLRQ�
DFFXUDF\

>��@�
������

$11��UDQGRP�IRUHVW��
N11�YHUVXV�KHGRQLF�
PRGHO

5DQGRP�IRUHVW�EHVW��5ð�
�������QRQ�OLQHDU�IHDWXUH�
HIIHFWV

6PDOO�VLQJOH�FLW\�VDPSOH��OLPLWHG�
LQWHUSUHWDELOLW\

>��@�
������

690��UDQGRP�IRUHVW��
JUDGLHQW�ERRVWLQJ

5)�DQG�*%0�EHDW�690�
�5ð�DERXW������DJDLQVW�
�������690�LV�IDVWHU

2QH�+RQJ�.RQJ�GLVWULFW��KDUG�WR�
LQWHUSUHW�ZHLJKWV

>��@�
������

0XOWLSOH�OLQHDU�
UHJUHVVLRQ��ULGJH��ODVVR��
695

5HJXODULVHG�PRGHOV�EHDW�
EDVLF OLQHDU�UHJUHVVLRQ

'DWD�SUHSURFHVVLQJ�DQG�SDUDPHWHU�
WXQLQJ

>��@�
������

+\EULG�ODVVR���JUDGLHQW�
ERRVWLQJ

+LJK�DFFXUDF\�WKURXJK�
HIIHFWLYH�IHDWXUH�
HQJLQHHULQJ

)HDWXUH�HQJLQHHULQJ�DQG�RYHUILWWLQJ

>��@�
������

5)��UHJUHVVLRQ��690��
*%7��0/3��EDJJLQJ�LQ�
5��5DSLG0LQHU��:HND

5DQGRP�IRUHVW�UHSRUWHG�
EHVW�DPRQJ�VL[�PRGHOV

$FFXUDF\�ILJXUHV�XQFOHDU��VRPH�
YDOXHV�LQFRQVLVWHQW

>��@�
������

/LQHDU�UHJUHVVLRQ
+LVWRULFDO�GDWD�FDQ�EH�
XVHG�IRU�KRXVH�SULFH�
IRUHFDVWLQJ

/LPLWHG�IHDWXUHV�DQG�GDWD�FRYHUDJH

&ODVVLFDO� UHJUHVVLRQ�PRGHOV� 0RKRNDU� HW� DO�� VKRZHG� WKDW� KLVWRULFDO� GDWD� FRXOG� EH� DSSOLHG�ZLWK� OLQHDU�
UHJUHVVLRQ�WR�IRUHFDVW�KRXVH�SULFHV��DOWKRXJK�WKH�FUHGLWV�DQG�GDWD�FRYHUDJH�ZHUH�UHVWULFWHG�>��@��&KHFNLQJ�
PXOWLSOH� OLQHDU� UHJUHVVLRQ�ZLWK� ULGJH�� ODVVR� DQG�695��ZH�FDQ�FRQFOXGH� WKDW� WKH\�GR� UDLVH�SUHGLFWLRQ� DV�
RSSRVHG�WR�WKH�HOHPHQWDU\�OLQHDU�UHJUHVVLRQ��%XW�VWLOO��\RX�QHHG�WR�WDNH�FDUH�RQ�KRZ�WKH\¶UH�SUHSURFHVVHG�
DQG�WXQHG��>��@�LQ�WKLV�EURDGHU�FRQWH[W��5HVKPD�HW�DO��WHVWHG�OLQHDU�UHJUHVVLRQ��GHFLVLRQ�WUHH�DQG�UDQGRP
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IRUHVW�DQG�FRQFOXGHG�WKDW�0/�KHOSV�LI�GDWD�TXDOLW\�LV�JRRG��GDWD�TXDOLW\�DQG�WUDLW�VHOHFWLRQ�DUH�XQUHVROYHG�
>�@��6LQJK�HW�DO��DGRSWHG�GHFLVLRQ�WUHH��690�DQG�UHJUHVVLRQ�DQG�IRXQG�WKDW�FKDUDFWHULVWLF�IHDWXUHV�VKDUSHQ�
SUHGLFWLRQ�SHUIRUPDQFH�>�@�

+HGRQLF�UHJUHVVLRQ�YHUVXV�0/� +HGRQLF�UHJUHVVLRQ��ZKDW�ZKLFK�PRGHOV�LV�SULFH�DV�RQH�OLQHDU�IXQFWLRQ�RI�
FUHGLW� FKDUDFWHULVWLFV�� LV� WKH� VWDQGDUG� EDVHOLQH� IRU� FKHFNLQJ�0/�PRGHOV�� LQ� DFWXDO� DSSOLFDWLRQ�� \D]GDQL�
FRQQHFWHG� D� VHFRQG� KHGRQLF� PRGHO� ZLWK�$11�� UDQGRP� IRUHVW� DQG� N11� RQ� ������ KRXVHV� LQ� %RXOGHU��
&RORUDGR��LQ�UHDO�ZRUOG�VLWXDWLRQV��DW�OHDVW�IRU�QRZ��5DQGRP�IRUHVW�DFKLHYHG�WKLV�EHVW�WHVW�5� �������IROORZHG�
E\�$11���������WKH�KHGRQLF�PRGHO��������DQG�N11���������DQG�WKH�VWXG\�UHSRUWV�DQ\�QRQ�OLQHDU�DVVRFLDWLRQ�
EHWZHHQ�OLQJHULQJ�WUDLWV�DQG�SULFH�>��@��WKH�WKUHH�0/�PRGHOV�KLW�WHVW�5� EHWZHHQ�������DQG��������DJDLQVW�
������IRU�2/6�>�@��DW�OHDVW�LQ�SULQFLSOH��8QGHU�WKHVH�FRQGLWLRQV��FKR\�DQG�+R�FRPSDUHG�([WUD�7UHHV��N11�
DQG�UDQGRP�IRUHVW�ZLWK�RUGLQDU\�OHDVW�VTXDUHV�RQ�DERXW �������KRXVLQJ�WUDQVDFWLRQV�LQ�+RQJ�.RQJ�

6XSSRUW�YHFWRU�UHJUHVVLRQ� +R�HW�DO�� FRQWUDVWHG�690�� UDQGRP�IRUHVW� DQG�JUDGLHQW�ERRVWLQJ�RQ��������
KRXVLQJ� WUDQVDFWLRQV� IURP� ��� HVWDWHV� LQ� +RQJ� .RQJ�� LQ� UHDO�ZRUOG� FDVHV�� UDQGRP� IRUHVW� DQG� JUDGLHQW�
ERRVWLQJ�UHDFKHG�D�WHVW�5� RI�DERXW�������DJDLQVW������IRU�690��EXW�690�VXSSOLHG�UHDVRQDEOH�SUHGLFWLRQV�
LQ�PXFK�OHVV�WLPH�DQG�WKH�DXWKRUV�KLQW�LW�ZKHUH�VSHHG�LV�WKH�NH\�LVVXH�>��@��DW�OHDVW�HPSLULFDOO\��$Q�5%)�
NHUQHO�695�DFKLHYHG�DQ�5� RI�RQO\�������XQGHU�FURVV�YDOLGDWLRQ��SURYLQJ�WKDW�NHUQHO�WHFKQLTXHV�DUH�VWURQJO\�
VHQVLWLYH�WR�WXQLQJ�DQG�GDWD�>�@�LQ�WKH�&DJOLDUL�EHQFKPDUN�RI�6DLX�DQG�0RFFL�LQ�SDUDOOHO�ZLWK�WKLV��DW�OHDVW�
LQ�SUDFWLFH�

(QVHPEOH�DQG�K\EULG�PRGHOV� 6UHHMD�HW�DO��FRPELQHG�ORJLVWLF�UHJUHVVLRQ�DQG�UDQGRP�IRUHVW�LQ�D�YRWLQJ�
FODVVLILHU�� ZKLFK� RXWSHUIRUPHG� WKH� SHUVRQ� PRGHOV�� DOWKRXJK� SUHSURFHVVLQJ� DQG� JHQHUDOLVDWLRQ� ZHUH�
FKDOOHQJLQJ� >�@�� RQ� WKH�ZKROH��;*%RRVW�SHUIRUPHG�EHVW� DQG�DGGLQJ� DQ� LQWHUHVW�UDWH� WUDLW� VKDUSHQHG� WKH�
PHWULFV��LQ�PDQ\�UHVSHFWV��5DYLNXPDU�FRQQHFWHG�UDQGRP�IRUHVW��PXOWLSOH�UHJUHVVLRQ��690��JUDGLHQW�ERRVWHG�
WUHHV��D�PXOWLOD\HU�SHUFHSWURQ�DQG�EDJJLQJ�LQ�5��5DSLG0LQHU�DQG�:HND�DQG�UHSRUWHG�UDQGRP�IRUHVW�DV�WKH�
PRVW�FRUUHFW�PRGHO��\HW��WKH�³H[DFWQHVV´�SHUFHQWDJHV�DUH�XQFOHDU�IRU�D�UHJUHVVLRQ�WDVN��DQG VRPH�YDOXHV�DUH�
LQFRQVLVWHQW�EHWZHHQ�WKH�WDEOH�DQG�WKH�WH[W�RI�WKDW�VWXG\�>��@��EURDGO\�VSHDNLQJ��0RYLQJ�DYHUDJHV�RI�WKH�
VDOH�SULFH�JDYH�5� YDOXHV�RI�����±������ZKLFK� WKH�DXWKRUV�DVVHVVHG�DV� UHIOHFWLQJ�KLQGVLJKW�ELDV��VR� WKH\�
DSSOLHG�PRYLQJ�DYHUDJHV�RI�WKH�OHDVH�WR�VDOH�SULFH�UDWLR�UDWKHU��WKLV�VRXUFH�LV�D�SUHSULQW�>�@��UHDOO\��NRQJ�HW�
DO��SRROHG�GDWD�IURP���� UHJLRQV�RI�6HRXO�DQG�*\HRQJJL� LQWR�������HQWULHV�DQG�FRQWUDVWHG�GHFLVLRQ� WUHH��
UDQGRP�IRUHVW� DQG�;*%RRVW�RQ� WKH�.RUHDQ� OXPS�VXP� OHDVH� �-HRQVDH��PDUNHW��EURDGO\� VSHDNLQJ��$ORQJ�
WKHVH�GLPHQVLRQV��OX�HW�DO��FRPELQHG�ODVVR�ZLWK�JUDGLHQW�ERRVWLQJ�DQG�UHDFKHG�D�KLJK�H[DFWQHVV�ZLWK�FDUHIXO�
IHDWXUH�HQJLQHHULQJ��WKH�ULVN�LV��DV�LW�VWDQGV��RYHUILWWLQJ�>��@�

1HXUDO�QHWZRUNV�DQG�JHRJUDSKLF�GDWD� &KDQDVLW�HW�DO��SDLUHG�DQ�DUWLILFLDO�QHXUDO�QHWZRUN��$11��ZLWK�D�
ERRVWHG� IHDWXUH�VHOHFWLRQ� VWHS�� DQG� OHH� HW� DO�� IXVHG� JHRJUDSKLFDO� GDWD�ZLWK�&11� DQG�0/3�PRGHOV� DQG�
VKRZHG�JHRJUDSKLF�LQIRUPDWLRQ�UDLVHV�UHVLGHQWLDO�YDOXDWLRQ��DW�H[SHQVH�RI�VSDWLDO�SURFHVVLQJ�DQG�PRGHO�ILQH�
GHWDLO�>�@��DW�OHDVW�LQ�SUDFWLFH��9LHZHG�WKURXJK�WKLV�OHQV��VHOHFWLRQ�LQFUHDVHG�SUHFLVLRQ�DQG�VSRWWHG�HVVHQWLDO�
FKDUDFWHULVWLFV��DOWKRXJK�WKH�$11�LV�KDUG�WR�WDNH�DV�DQG�FRPSXWDWLRQDOO\�H[SHQVLYH�>�@��DW�OHDVW�LQ�SULQFLSOH�

([SODLQDEOH�YDOXDWLRQ� 5RGULJXH]�6HUUDQR�DSSOLHG�SURWRW\SH�EDVHG�OHDUQLQJ�ZLWK�QRQ�OLQHDU�UHJUHVVLRQ��
VR�WKDW�D�SULFH�FDQ�EH�H[SODLQHG�E\�FRPSDULVRQ�ZLWK�SURWRW\SH�IHDWXUHV��LQ�DFWXDO�DSSOLFDWLRQ��DQG�VFDODELOLW\�
DQG�SURWRW\SH�VHOHFWLRQ�DUH�WKH�RSHQ�SRLQWV�>�@��DQG�VDLX�DQG�0RFFL�EXLOW�WKH�5(�9$/�SURFHVV�RQ�������
OLVWLQJV�IURP�&DJOLDUL��,WDO\��WR�D�LPSRUWDQW�GHJUHH��LQ�UHDO�ZRUOG�FDVHV��7KH\�FRPSDUHG�OLQHDU�UHJUHVVLRQ��
695��UDQGRP�IRUHVW��0/3�DQG�/LJKW*%0�ZLWK�WHQ�IROG�FURVV�YDOLGDWLRQ�DQG�XVHG�6+$3�WR�FRQYHUW�PRGHO�
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RXWSXWV�WR�PRQHWDU\�ERQXV DQG�PDOXV�DGMXVWPHQWV��UHDOO\��WKH�0/3�KLW�WKH�ORZHVW�GHSDUWXUH��0$(�DERXW�
¼����SHU�VTXDUH�PHWUH��5� �������DOWKRXJK�LWV�PDUJLQ�RYHU�OLQHDU�UHJUHVVLRQ��������DQG�UDQGRP�IRUHVW��������
ZDV�VPDOO��DQG�UDQGRP�IRUHVW�VXSSOLHG�WKH�EHVW�EDODQFH�RI�H[DFWQHVV�DQG�H[SODQDWLRQ��WR�D�LPSRUWDQW�GHJUHH��
$ORQJ�WKHVH�GLPHQVLRQV��WKH�DXWKRUV�DOVR�UHJDUG�PLVVLQJ�OLVWLQJ�FUHGLWV�DV�D�SRVVLEOH�VLJQDO�DQG�VWUHVV�WKDW�
6+$3�ILQGLQJV�UHIOHFW�DVVRFLDWLRQV��QRW�FDXVHV�>�@�

2QH�SDWWHUQ�HPHUJHV��OLNH�WKH�VWXGLHV�FHQWHU�RQ�UHJUHVVLRQ� HQVHPEOH�DQG�QHXUDO�PRGHOV��DQG�WDFNOH�ORFDWLRQ��
LQWHUSUHWDELOLW\�DQG�JHQHUDOLVDWLRQ�DFURVV�WKH�UHJLRQV�RQO\�SDUWLDOO\��LQ�WKH�PDLQ��PRUH�DFFXUDWHO\��DW�DOO�WKHVH�
VKRUWFRPLQJV��WKH�GHVLJQ�LQ�6HFWLRQ�9�LV�WDFNOHG��WR�D�LPSRUWDQW�GHJUHH�

,,,��'LVFXVVLRQ�DQG�)LQGLQJV

6LPSOH�DQG�WUHH�EDVHG�PRGHOV�DUH�WKH�PRVW�SRSXODU� 'DWDVHW�VL]HV�UDQJH�IURP�DERXW�D�WKRXVDQG�GDWD�>�@��
>��@�WR�DERXW�IRUW\�WKRXVDQG�WUDQVDFWLRQV�>��@��DQG�PRVW�FRYHU�RQO\�RQH�FLW\��GLVWULFW�RU�PDUNHW��LQ�WKH�PDLQ��
DJDLQVW� WKLV� EDFNGURS�� PRVW� RI� WKH� UHYLHZHG� VWXGLHV� DUH� RIWHQ� JURXQGHG� LQ� OLQHDU�� KHGRQLF�� PDLQO\�
UHJXODULVHG��WUHH�EDVHG�RU�695�PRGHOV�>�@��>�@��>�@±>��@��>��@��LQ�PDQ\�UHVSHFWV�

7UHH�HQVHPEOHV�DUH�JHQHUDOO\�EHVW��EXW�PDUJLQV�YDU\� 5DQGRP�IRUHVW�RU�JUDGLHQW�SDUWLFXODUO\�ERRVWLQJ�
RXW�SHUIRUPHG�690��2/6�RU�WKH�KHGRQLF�EDVHOLQH�LQ�VHYHUDO�VWXGLHV�>�@��>��@��>��@��>��@��DW�OHDVW�LQ�SULQFLSOH��
UHDOO\��LQ�WKH�&DJOLDUL�EHQFKPDUN��VWLOO��WKH�0/3��UDQGRP�IRUHVW�DQG�OLQHDU�UHJUHVVLRQ�ZHUH��W\SLFDOO\�DIWHU�
DOO��UHOLDEO\�DOO�FORVH�LQ�5� �����±������>�@��VR�WKH�EHVW�PRGHO�KLQJHV�RQ�WKH�GDWDVHW��EURDGO\�VSHDNLQJ�

/RFDWLRQ�LV�XQGHUXVHG� /RFDWLRQ�LV�RUGLQDULO\�KDQGOHG�E\�KDQG�PDGH�WUDLWV��VXFK�DV�XUEDQ�]RQHV�LQ�>�@�RU�
GLVWDQFH�WR�WKH�FLW\�FHQWUH�LQ�>��@��EURDGO\�VSHDNLQJ��UHDOO\��QRQH�UHSUHVHQW�QRUPDOO\�QHLJKERXULQJ�FUHGLWV�
DV�D�JUDSK��LQ�WKH�PDLQ��7DNHQ�WRJHWKHU��RI�WKH�ILIWHHQ�VWXGLHV��RQO\�/HH�HW�DO��IHHG�JHRJUDSKLFDO�GDWD�GLUHFWO\�
LQWR�WKH�PRGHO�>�@��EURDGO\�VSHDNLQJ��SULFHV�DUH�PDLQO\�VKDSHG�PRVWO\�E\�ORFDWLRQ��EURDGO\�VXSSRUWLQJ�WKH�
LVVXH�VWDWHPHQW�DQG�WKH�LPSRUWDQFH�RI�JHRVSDWLDO�FKDUDFWHULVWLFV�DQG�D�*11��LQ�WKH�PDLQ�

)HDWXUH�VHOHFWLRQ�KHOSV�EXW�LV�LQFRPSOHWH� 7DNHQ�WRJHWKHU��NRQJ�HW�DO��UHYHDO�WKH�PDFUR�HFRQRPLF�WUDLW�FDQ�
KHOS��DQG�WUDLWV�SXW�WRJHWKHU�IURP�WKLV�WDUJHW�SULFH�FDQ�FUHDWH�VFRUHV�QHDU������WKDW�SUREDEO\�UHIOHFW�OHDNDJH�
>�@��VR�RQH�DXWRPDWLF�$XWR0/�VHOHFWLRQ�VWHS�UXQ��ZLWKLQ�HDFK�SHUVRQ�YDOLGDWLRQ�IROG�ZRXOG�EH�KHOSIXO��DW�
OHDVW�LQ�SULQFLSOH��UHDOO\��GHVSLWH��D�IHZ�VWXGLHV�VWLOO�SRLQW�WR�FUHGLW�VHOHFWLRQ�DQG�IHDWXUH�HQJLQHHULQJ�DV�RSHQ�
KXUGOHV� >�@�� >�@�� >��@�� EURDGO\� VSHDNLQJ�� 6HOHFWLRQ�ZLWK� ERRVWLQJ� DQG� FDUHIXO� IHDWXUH� HQJLQHHULQJ� UDLVHG�
ILQGLQJV�>�@��>��@�

,QWHUSUHWDELOLW\�LV�D�JDS� $11V�FDQ��WR�VRPH�GHJUHH��EH�SUHFLVH�EXW�DUH�KDUG�WR�UHDG�DV�>�@��DQG�<D]GDQL�
SRLQWV�RXW�WKDW�UDQGRP�IRUHVW�DQG�$11�DUH�OHVV�WUDQVSDUHQW�WKDQ�KHGRQLF�FRHIILFLHQWV��VXJJHVWLQJ�/,0(�RU�
6+$3�DV�IXWXUH�ZRUN�>��@��WR�D�QRWLFHDEOH�GHJUHH��LQGHHG��ORRNLQJ�DW�LW�OLNH�WKLV��RQO\�5RGULJXH]�6HUUDQR�
>�@�DQG�6DLX�DQG�0RFFL�>�@�FRQFHQWUDWH�RQ�H[SODLQLQJ�SULFHV��WKH�ODWWHU�DSSO\LQJ�6+$3�WR�EXLOG�PRQHWDU\�
DGMXVWPHQW�WDEOHV��DW�OHDVW�HPSLULFDOO\��$V��7DEOH�,�KLQWV��QRQH�RI�WKH�ILIWHHQ�VWXGLHV�FUHDWH�QDWXUDO�ODQJXDJH�
YDOXDWLRQ�UHSRUWV��ZKLFK�LV�WKH�PRWLYDWLRQ�IRU�WKH�H[SODQDWLRQ�VWDJH�RI�WKH�IUDPHZRUN�

5HSRUWLQJ�LV�QRW�FRPSDUDEOH� 6WXGLHV�UHSRUW�ORJ�SULFHV�>��@��QRUPDOLVHG�SULFHV�>��@��SULFH�SHU�VTXDUH�PHWUH�
>�@� RU� H[DFWQHVV� SHUFHQWDJHV�� VR� WKHLU� GHSDUWXUHV� FDQ¶W� EH� FRPSDUHG GLUHFWO\�� WKLV� VXSSRUWV� URXWLQHO\�
UHSRUWLQJ�0$(��506(�DQG�5� IRU�DOO�PRGHOV�RQ�WKH�VDPH�IROGV��RQ�WKH�ZKROH�

1R� VLQJOH�PRGHO� ILWV� HYHU\� QHHG� 7DEOH� ,,� FKHFNV� WKH� SULPDU\�PRGHO� IDPLOLHV��ZKLFK� VXSSRUWV�ZLGHO\�
FKHFNLQJ�VHYHUDO�PRGHOV�UDWKHU�WKDQ�XQLIRUPO\�IL[LQJ�RQH�LQ�DGYDQFH��DW�OHDVW�HPSLULFDOO\�
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7$%/(�,,

&203$5,621�2)�02'(/�)$0,/,(6

)DPLO\ 6WUHQJWK :HDNQHVV

/LQHDU���UHJXODULVHG���KHGRQLF�
>�@��>��@��>��@

6LPSOH��UHDGDEOH�FRHIILFLHQWV /LPLWHG�IHDWXUHV��PLVVHV�QRQ�OLQHDU�
HIIHFWV

695���690�>�@��>��@ )DVW��UHDVRQDEOH�ILW�LQ�>��@ %HORZ�5)�DQG�*%0��GHSHQGV�RQ�
WXQLQJ

N11�>�@��>��@ 6LPSOH��QRQ�SDUDPHWULF :HDNHU�WKDQ�UDQGRP�IRUHVW�LQ�ERWK�
VWXGLHV

(QVHPEOHV�>�@±>�@��>��@��>��@ +LJKHU�DFFXUDF\ 2YHUILWWLQJ��JHQHUDOLVDWLRQ

$11���&11���0/3�>�@��>�@��
>�@��>��@

/HDUQ�FRPSOH[�SDWWHUQV��XVH�
JHRJUDSKLF�GDWD

+DUG�WR�LQWHUSUHW��FRVWO\

*11 8VHV�QHLJKERXULQJ�SURSHUWLHV 1HHGV�ORFDWLRQ�GDWD�DQG�JUDSK�
EXLOGLQJ

,9��5HVHDUFK�*DSV�DQG�&KDOOHQJHV

7KH�UHYLHZ�VSRWV�ILYH�JDSV��DQG�WKH�IUDPHZRUN�LV�W\SLFDOO\�VWURQJ�DW�WDFNOLQJ�HDFK��DW�OHDVW�HPSLULFDOO\�

� *��± 6FDODELOLW\�DQG�GDWDVHW�GLYHUVLW\� 'DWDVHWV�FRYHU�RQO\�D�IHZ�UHJLRQV�DQG�IHDWXUH�PDUNHWV�>�@��
>�@��>�@��>��@��>��@�

� *��± )HDWXUH�VHOHFWLRQ� 6WUDQJH�EXW�WUXH��QRWLFHDEOH�FKDUDFWHULVWLF�DQG�ORFDWLRQ�IDFWRUV�DUH��RIWHQ�LQ�
HIIHFW��RQO\�SDUWLDOO\�FRQVLGHUHG��DQG�FUHGLWV�UHFHLYHG�IURP�WKH�WDUJHW�FDQ��DV�D�PDWWHU�RI�IDFW��OHDN�
LQIRUPDWLRQ�>�@��>�@��>�@��WR�D�LPSRUWDQW�GHJUHH�

� *��± *HQHUDOLVDWLRQ� 0RGHOV�V\VWHPDWLFDOO\� WUDLQHG�RQ�UHJLRQDO�GDWD��XQGHU� WKH�YDU\LQJ�PDUNHW�
FRQGLWLRQV�FDQ¶W�EH�VSHFLILFDOO\�WUXVWHG�IDU�EH\RQG�WKHLU�WUDLQLQJ�ILHOG�>�@��>�@��>��@��WR�D�LPSRUWDQW�
GHJUHH��DW�OHDVW�LQ�SUDFWLFH�

� *�� ± ,QWHUSUHWDELOLW\� *HQHUDOO\� LQYROYHG� 0/� DQG� $11� PRGHOV� JLYH� KDUG�WR�XQGHUVWDQG�
SUHGLFWLRQV�>�@��>��@�

� *��± 2SWLPLVDWLRQ� 2IWHQ�RYHUILWWLQJ��IDFWRU�WXQLQJ�DQG�FRPSXWDWLRQDO�FRVW�VWLOO�QHHG�EHWWHU�XVXDOO\�
KDQGOLQJ�>�@��>��@��>��@�

9��3URSRVHG�0HWKRGRORJ\

7KH�VXJJHVWHG�IUDPHZRUN�OLQNV�GDWD�SUHSDUDWLRQ��PRGHO�FRPSDULVRQ�DQG�H[SODQDWLRQ�LQ�RQH�PRUH�SHUVRQ�
SLSHOLQH�RI�VL[�VWDJHV��ODLG�RXW�LQ�)LJ�����EURDGO\�VSHDNLQJ��DQG�GDWD�IORZV�WKURXJK�WKH�QXPEHUHG�ER[HV�LQ�
RUGHU�� DQG� WKH� FKHFN� VWDJH� FRPSXWHV� ZKLFK� PRGHO� \LHOGV� WKH� ILQDO� SUHGLFWLRQ� DQG� H[SODQDWLRQ�� WKLV�
DUFKLWHFWXUH�LV�DQ\�VXJJHVWHG�GHVLJQ�IRU�IXWXUH�H[HFXWLRQ�DQG�FKHFN��QRW�\HW�EXLOW�RU�SURYHG�JHQXLQH��EURDGO\�
VSHDNLQJ�
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���'DWD�6RXUFHV
/LVWLQJV��DWWULEXWHV��ORFDWLRQ��PDUNHW

Ļ
���3UHSURFHVVLQJ

&OHDQ��HQFRGH��VFDOH��JHRVSDWLDO�IHDWXUHV
Ļ

���$XWR0/�6HOHFWLRQ
.HHSV�LQIOXHQWLDO�IHDWXUHV

Ļ
���0RGHO�&RPSDULVRQ

/5��5)��;*%RRVW��/LJKW*%0��&DW%RRVW��*11
Ļ

���(YDOXDWLRQ
0$(��506(��5ð��XQVHHQ�UHJLRQ�WHVW

Ļ
���([SODLQ�DQG�5HSRUW

6+$3���//0�YDOXDWLRQ�VXPPDU\

)LJ�����6L[�VWDJH�SLSHOLQH�RI�WKH�SURSRVHG�IUDPHZRUN��IURP�GDWD�VRXUFHV�WR�WKH�H[SODLQHG�YDOXDWLRQ�

$��3UREOHP�)RUPXODWLRQ

:KDW� LI� DWWULEXWH� L� LV� QRUPDOO\� HPERGLHG� E\� D� IHDWXUH� YHFWRU� [L� FRYHULQJ� LWV� FUHGLWV�� ORFDWLRQ� DQG�
VXUURXQGLQJV��DQG�KDV�DQ�JDWKHUHG�SULFH�\L��,Q�SDUDOOHO�ZLWK�WKLV��WKH�DLP�LV�FXUUHQWO\�WR�OHDUQ�D�IXQFWLRQ�I�
WKDW�PDSV� IHDWXUHV� WR� SULFH� VR� WKDW WKH� SUHGLFWLRQ� ǔL�  � I�[L�� LV� XVXDOO\� FORVH� WR� \L��7KLV� LV� ILQLVKHG� E\�
PLQLPLVLQJ�WKH�DYHUDJH�ORVV�RYHU�WKH�WUDLQLQJ�FKDUDFWHULVWLFV�

Iכ  �DUJ�PLQI ���Q����L �
Q /�\L��I�[L�� ���

+HUH�/�LV�D�ORVV�VXFK�DV�WKH�VTXDUHG�PLVPDWFK�DQG�Q�LV�WKH�QXPEHU�RI�WUDLQLQJ�IHDWXUHV��RQ�WKH�ZKROH��WKH�
YHFWRU�[L�FDUULHV�WKUHH�NLQGV�RI�LQIRUPDWLRQ��JHQHUDOO\�LQFOXGLQJ�FUHGLWV�RI�WKH�FKDUDFWHULVWLF��VXFK�DV�VXEILHOG�
DQG�QXPEHU�RI�EHGURRPV��DW�OHDVW�LQ�SUDFWLFH��DQG�XQGHU�WKHVH�FRQGLWLRQV��LWV�ORFDWLRQ��VXFK�DV�ORFDOLW\�DQG�
FRRUGLQDWHV�� DQG� LWV� VXUURXQGLQJV�� VXFK� DV� WKH� GLVWDQFH� WR� VFKRROV�� KRVSLWDOV�� WUDQVSRUW� DQG� FRPPHUFLDO�
ILHOGV��DW�OHDVW�LQ�SULQFLSOH�

%��'DWD�3UHSDUDWLRQ�DQG�$XWR0/�)HDWXUH�6HOHFWLRQ

7KH�ILUVW�WKUHH�VWDJHV�RI�)LJ����SUHSDUH�WKH�GDWD��UHDOO\��IHDWXUH�HQWULHV�DUH�SXOOHG�IURP�SXEOLF�KRXVLQJ�SULFH�
GDWDVHWV�DQG��LI�DYDLODEOH��IURP�UHFHQW�ORFDO�OLVWLQJV��DW�OHDVW�LQ�SULQFLSOH��7KH�SUHSURFHVVLQJ�VWHS�UHPRYHV�
FRS\�DQG�LQFRPSOHWH�GDWD��ILOOV�PLVVLQJ�YDOXHV��HQFRGHV�FDWHJRULFDO�ILHOGV��VFDOHV�QXPHULF�ILHOGV�DQG�DGGV�
JHRVSDWLDO�FKDUDFWHULVWLFV�VXFK�DV�WKH�GLVWDQFH�WR�QHDUE\�IDFLOLWLHV��DOO�WKLQJV�FRQVLGHUHG��DQG�WKLV�ZD\��WUDLWV�
ZKLFK�DUH�EXLOW�IURP�WKH�WDUJHW�SULFH��VXFK�DV�PRYLQJ�DYHUDJHV�RI�WKH�VDOH�SULFH��DUH�YHULILHG�IRU�OHDNDJH�>�@��
DW�OHDVW�LQ�SULQFLSOH��,Q�SDUDOOHO�ZLWK�WKLV��DQ�$XWR0/�VWHS�WKHQ�UDQNV�WKH�FUHGLWV�DQG�NHHSV�WKH�RQHV�ZKLFK�
PRVW�LPSDFW�SULFH��OHDYLQJ�WKH�PRGHOV�WR�WUDLQ�RQ�D�VPDOOHU�DQG�PRUH�UHOHYDQW�VHW��WKH�UDQNLQJ�LV�UHSHDWHG�
ZLWKLQ�HDFK�FURVV�YDOLGDWLRQ�IROG��VR�WKDW�QR�LQIRUPDWLRQ�IURP�WKH�WHVW�GDWD�UHDFKHV�WKH�VHOHFWLRQ��DW�OHDVW�LQ�
SULQFLSOH�
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&��0RGHO�&RPSDULVRQ

2Q�WKH�SLFNHG�FKDUDFWHULVWLFV�DQG�FRPSDUHG�LQ�VWDJHV���DQG����VL[�PRGHOV�DUH�WUDLQHG��LQ�DFWXDO�DSSOLFDWLRQ��
/LQHDU�5HJUHVVLRQ� LV� WKH� EDVHOLQH��5DQGRP�)RUHVW��;*%RRVW�� /LJKW*%0�� DQG�&DW%RRVW� DUH� WUHH�EDVHG�
HQVHPEOHV��DQG�WKH�*11�XVHV�QHLJKERXULQJ�FUHGLWV��DW�OHDVW�LQ�SULQFLSOH��7DEOH�,,,�OLVWV�WKHP��$ORQJ�WKHVH�
GLPHQVLRQV��WKHLU�VHWWLQJV�DUH�WXQHG�E\�WKH�$XWR0/�VWHS��DQG�HYHU\�PRGHO�LV�DVVHVVHG�RQ�WKH�VDPH�IROGV��
PDNLQJ�WKH�FRPSDULVRQ�IDLU��DQG�WKH�PRGHO�ZLWK�WKH�ORZHVW�YDOLGDWLRQ�GHSDUWXUH�LV��LQGHHG��DSSOLHG�IRU�WKH�
ILQDO�SUHGLFWLRQ��EURDGO\�VSHDNLQJ�

7$%/(�,,,

&$1','$7(�02'(/6�,1�7+(�&203$5,621

0RGHO 7\SH 5ROH�LQ�WKH�VWXG\

/LQHDU�5HJUHVVLRQ /LQHDU %DVHOLQH

5DQGRP�)RUHVW %DJJHG�WUHHV 5REXVW�HQVHPEOH

;*%RRVW %RRVWHG�WUHHV +LJK�DFFXUDF\

/LJKW*%0 %RRVWHG�WUHHV )DVW�RQ�ODUJH�GDWD

&DW%RRVW %RRVWHG�WUHHV +DQGOHV�FDWHJRULHV�ZHOO

*11 *UDSK�QHWZRUN 8VHV�QHLJKERXULQJ�SURSHUWLHV

'��3URSHUW\�*UDSK�IRU�WKH�*11

(DFK�FUHGLW�LQ�WKH�*11�LV�D�QRGH�ZKLFK�LV�HVSHFLDOO\�FRQQHFWHG�WR�LWV�QHDUHVW�QHLJKERXU�FKDUDFWHULVWLFV��DV�
LQ�)LJ�����$ORQJ�WKHVH�GLPHQVLRQV��IDFLOLWLHV��VXFK�DV�VFKRROV��KRVSLWDOV��WUDQVSRUW�DQG�PDUNHWV��RIIHU�ORFDWLRQ�
VHWWLQJ�WR�WKH�QRGH�WUDLWV��,Q�HDFK�OD\HU��HDFK�QRGH�LV�SULQFLSDOO\�FKDQJHG�IURP�LWV�QHLJKERXUV�

KY�O���  �ı��:�Â�$**�^�KX�O� ��Xא� 1�Y��`��� ���

7KH�ILQDO�QRGH�VWDWH�LV�SDVVHG�WR�D�UHJUHVVLRQ�OD\HU�WR�RXWSXW�WKH�SULFH��DQG�$OJRULWKP���VXPPDULVHV�WKH�
ZKROH� SLSHOLQH�� DW� OHDVW� LQ� SULQFLSOH�� :KHUH� 1�Y�� LV� WKH� VHW� RI� FUHGLWV� ZKLFK� DUH� WKH� QHLJKERXUV� RI�
FKDUDFWHULVWLF�Y��$**�LV�DQ�DJJUHJDWRU�VXFK�DV�WKH�PHDQ��:�LV�D�OHDUQHG�ZHLJKW�PDWUL[�DQG�ı�LV�D�QRQ�OLQHDU�
IXQFWLRQ��LQ�PDQ\�UHVSHFWV�LQ�SDUDOOHO�ZLWK�WKLV��RQ�WKH�ZKROH�
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)LJ�����([DPSOH�SURSHUW\�JUDSK�ZKHUH�WKH�WDUJHW�SURSHUW\�FRQQHFWV�WR�IRXU�RI�LWV�QHLJKERXUV��$±'���ZLWK�
QHDUE\�IDFLOLWLHV�SURYLGLQJ�ORFDWLRQ�FRQWH[W�

$OJRULWKP����3ULFH�SUHGLFWLRQ�DQG�H[SODQDWLRQ
���,QSXW��SURSHUW\�GDWD�'��TXHU\�SURSHUWLHV�4
���FOHDQ�DQG�HQFRGH�'��DGG�ORFDWLRQ�IHDWXUHV��EXLOG�JUDSK�*
���)�ĸ�$XWR0/�6(/(&7�'��^PRVW�LQIOXHQWLDO�IHDWXUHV`
���WUDLQ�/5��5)��;*%RRVW��/LJKW*%0��&DW%RRVW��*11�RQ�)
���UHFRUG�0$(��506(��5ð�DQG�UXQ WLPH�E\�N�IROG�&9
���P�ĸ�PRGHO�ZLWK�WKH�ORZHVW�YDOLGDWLRQ�HUURU
���IRU�HYHU\�TXHU\�SURSHUW\�[א� 4�GR
�������SUHGLFW�ǔ�ĸ�P�[���H[SODLQ�ĳ�ĸ�6+$3�P��[�
�������ZULWH�UHSRUW�5�ĸ�//0�6800$5<�[��ǔ��OHDGLQJ�IHDWXUHV�RI�ĳ�
������VDYH��ǔ��ĳ��5��DQG�RXWSXW�5
����HQG IRU

)LJ�����3ULFH�SUHGLFWLRQ�DQG�H[SODQDWLRQ�DOJRULWKP�

(��([SODQDWLRQ�DQG�9DOXDWLRQ�5HSRUW

2QFH�WKH�EHVW�PRGHO�LV�FKRVHQ��6+$3�YDOXHV�DUH�IRXQG�RXW�IRU�DOO�WKH�SUHGLFWLRQV�WR�RXWOLQH�WKH�WDNHDZD\�
RI�FUHGLWV�SXVKLQJ�WKH�SULFH�XS�RU�GRZQ��WKHVH�YDOXHV�H[SODLQ�ZKDW�WKH�PRGHO�KDV�OHDUQHG�DQG�DUHQ¶W�SURRI�
RI�FDXVDWLRQ�>�@��LQ�PDQ\�UHVSHFWV��DQG�WKH�SURMHFWHG�SULFH�DQG�WKH�OHDGLQJ�6+$3�FUHGLWV�DUH�WKHQ�SDVVHG�WR�
DQ�//0�WKDW�ZULWHV�D�VKRUW�VXPPDU\�LQ�SODLQ�ODQJXDJH�IRU�EX\HUV��VHOOHUV�DQG�LQYHVWRUV��DW�OHDVW�IRU�QRZ��
)URP�KHUH��WDEOH�,9�UHYHDOV�WKH�ILHOGV�RI�D�YDOXDWLRQ�UHSRUW��7KH�//0�RQO\�UHSHDWV�WKH�YDOXHV�LW¶V�JLYHQ�DQG�
QHYHU�FRPSXWHV�WKH�SULFH��VR�WKH�WH[W�VWD\V�FOHDU�ZLWK�WKH�PRGHO��DQG�D�XQFRPSOLFDWHG�FKHFN�DOVR�FRQQHFWV�
WKH�ILJXUHV�DQG�IDFWRUV�PHQWLRQHG�LQ�WKH�VXPPDU\�ZLWK�WKH�PRGHO�RXWSXW��DQG�DQ\�VXPPDU\�WKDW�GRHVQ¶W�
PDWFK�LV�UHMHFWHG��DW�OHDVW�IRU�QRZ�
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7$%/(�,9

),(/'6�2)�$�9$/8$7,21�5(3257

)LHOG &RQWHQW

3URSHUW\ /RFDWLRQ��DUHD��EHGURRPV��DPHQLWLHV

3UHGLFWHG�SULFH 2XWSXW�RI�WKH�VHOHFWHG�PRGHO

0RGHO�XVHG 0RGHO�QDPH�DQG�YDOLGDWLRQ�HUURU

.H\�IDFWRUV /HDGLQJ�6+$3�IHDWXUHV�DQG�WKHLU�GLUHFWLRQ

6XPPDU\ //0�ZULWWHQ�SODLQ�ODQJXDJH�YDOXDWLRQ�WH[W

9,��(YDOXDWLRQ�3ODQ

$�IUDPHZRUN�RI�WKLV�NLQG�VKRXOG�EH�EHQFKPDUNHG�DV�VWDWHG�E\�SUHGLFWLRQ�H[DFWQHVV��JHQHUDOLVDWLRQ�WR�QHZ�
UHJLRQV�� FRPSXWLQJ� FRVW� DQG� WKH�TXDOLW\�RI� H[SODQDWLRQV�� ,Q� WKLV�EURDGHU� FRQWH[W�� SUHFLVLRQ� LV�PHDVXUHG�
DSSO\LQJ�WKUHH�VWDQGDUG�PHWULFV� ,Q�WKHP��\L�UHSUHVHQWV�WKH�DFWXDO�SULFH��ǔL�WKH�IRUHFDVWHG�SULFHܢ���WKH�PHDQ�
RI�WKH�DFWXDO�SULFHV�DQG�Q�WKH�QXPEHU�RI�WHVW�IHDWXUHV�

0$(� ����Q���L �
Q _�\L í�ǔL _ ���

506(� �¥>����Q���L �
Q ��\L í�ǔL �� @ ���

5�  ���í��L ��\L í�ǔL �� ���L ��\L í�ш��� ���

:KDW�P$( RXWOLQHV�LV�WKH�DYHUDJH�GHSDUWXUH�UHODWLYH�WR�SULFH�XQLWV��DQG�LQ�SULFH�LV�H[SODLQHG�E\�WKH�PRGHO��
U��RXWOLQHV�KRZ�PXFK�RI�WKH�FKDQJH��DW�OHDVW�IRU�QRZ��DQ�H[DFW�GHVFULSWLRQ�FDQ��DW�OHDVW�LQ�PRVW�VHWWLQJV��EH�
JLYHQ�VLQFH�WKH\�UHYHDO�GLVWLQFW�IDFHWV�RI�WKH GLIIHUHQFH�E\�UHSRUWLQJ�DOO�WKUHH��RQ�WKH�ZKROH��)URP�WKLV�YLHZ��
U06(�LV�VHQVLWLYH�WR�H[WUHPHV�ZKLFK�LV�HVVHQWLDO�ZKHQ�D�IHZ�EDGO\�YDOXHG�FUHGLWV�DUH�KLJKO\�SULFHG��LQ�PDQ\�
UHVSHFWV�

3XEOLF� KRXVLQJ� GDWDVHWV� VXFK� DV�$PHV� DQG� &DOLIRUQLD� KRXVLQJ� FDQ�� WR� VRPH H[WHQW�� EH� DSSOLHG� IRU� D�
SUHSDUDWRU\�EHQFKPDUN��DW�OHDVW�LQ�SUDFWLFH��VLQFH��UHJLRQDO�JHQHUDOLVDWLRQ�LV�D�SULRULW\��WHVWLQJ�ZLOO�EH�GRQH�
DSSO\LQJ�N�IROG�FURVV�YDOLGDWLRQ� WRJHWKHU�ZLWK�D�KROG�RXW�RI�HQWLUH� UHJLRQV�ZKLFK� WKH�PRGHO�KDVQ¶W�VHHQ�
GXULQJ� WKH� WUDLQLQJ�� DW� OHDVW� IRU� QRZ��9LHZHG� WKURXJK� WKLV� OHQV�� D� WLPH�RUGHUHG� VSOLW� ZLOO� EH� DGGHG� WR�
JXDUDQWHH� WKDW� IXWXUH�SULFHV�DUHQ¶W� DSSOLHG� WR�DQWLFLSDWH�SDVW�RQHV�� LI� WKH� HQWULHV� VSDQ�VHYHUDO�\HDUV�� DQG�
WUDLQLQJ�DQG�SUHGLFWLRQ�WLPH�ZLOO��LQ�SUDFWLFDO�WHUPV��EH�UHFRUGHG�IRU�HDFK�PRGHO��VR�WKDW�WKH�FRPSXWLQJ�FRVW�
RI�ERRVWLQJ�DQG�*11�PRGHOV�FDQ�EH�FRQWUDVWHG�ZLWKRXW�FRXQWLQJ�RQ�DVVXPSWLRQV��RQ�WKH�ZKROH�

9,,��/LPLWDWLRQV

7KH�DUWLFOH�UHSRUWV�D�UHYLHZ�RI�ILIWHHQ�VWXGLHV�DQG�RQH�GHVLJQ��EXW� LQWURGXFHV�QR�PHDVXUHG�ILQGLQJV�� WKH�
PRGHOV�DQG�VHWWLQJV�ZLOO��LQ�DFWXDO�RSHUDWLRQ��QHHG�WR�EH�WHVWHG�RQ�UHDO�GDWD�EHIRUH�WKH�IUDPHZRUN�FDQ�EH�
XVHG�IRU�YDOXDWLRQ��LQ�PDQ\�UHVSHFWV��DQG�VRPH�RI�WKH�PHQWLRQHG�ZRUNV�DUH�SUHSULQWV�RU�D�VWXGHQW�UHVHDUFK�
SURMHFW�>�@��>��@��>��@�DQG�PD\��WR D�PHDQLQJIXO�H[WHQW��QRW�KDYH�EHHQ�SHHU�UHYLHZHG��WR�D�LPSRUWDQW�GHJUHH��
RQ� WKH� ZKROH�� 8QGHU� WKHVH� FRQGLWLRQV�� WKH� UHYLHZHG� VWXGLHV� DSSOLHG� PL[HG� GDWDVHWV�� FXUUHQFLHV�� SULFH�
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WUDQVIRUPDWLRQV�DQG�PHWULFV��VR�WKH�ILQGLQJV�DUHQ¶W�GLUHFWO\�FRPSDUDEOH�DQG�DUHQ¶W�DSSOLHG�IRU�DOJRULWKP�
UDQNLQJ��DOO�WKLQJV�FRQVLGHUHG�

9,,,��)XWXUH�:RUN

7KH�QH[W�VWHS�LV�WR�SHUIRUP�WKH�SLSHOLQH�DQG�WHVW�LW�RQ�SXEOLF�GDWDVHWV�DQG�UHFHQW�ORFDO�GDWD��LQFOXGLQJ�D�KROG�
RXW�RI�ZKROH�UHJLRQV��EURDGO\�VSHDNLQJ��RWKHU�GLUHFWLRQV�RI�ZRUN�DUH�UHDO�WLPH�ORFDWLRQ�DQG�PDUNHW�GDWD�
IHHGV��WUDQVIHU�RI�PRGHOV�EHWZHHQ�FLWLHV��SULFH�LQWHUYDOV�WR�UHYHDO�WKH�FRQILGHQFH�RI�D�SUHGLFWLRQ��LQ�UHDO�
ZRUOG�VLWXDWLRQV��RQ�WKH�ZKROH��$ORQJ�WKHVH�GLPHQVLRQV��D�ZHE�DSSOLFDWLRQ�WKDW�GHOLYHUV�WKH�YDOXDWLRQ�UHSRUW�
WR�WKH�XVHU��LQ�DFWXDO�DSSOLFDWLRQ�

,;��&RQFOXVLRQ

,W� KDV� EHHQ� VKRZHG� WKDW�0DFKLQH�/HDUQLQJ� FDQ�� LQ� SUDFWLFH�� EH� D� YHU\� HIIHFWLYH� WRRO� IRU� KRXVLQJ� SULFH�
SUHGLFWLRQ��LQ�WKH�PDLQ��DQG�\HW��LW�ZDV�IRXQG�LQ�DOO�WKHVH�VWXGLHV�WKDW�UHILQHPHQWV�FRXOG��LQ�SUDFWLFH��EH�
PDGH� WR�JLYHQ�IDFHWV�� LQFOXGLQJ�VWXG\LQJ�UHDO� WLPH� ORFDWLRQ�DQG�VHWWLQJ�� VHOHFWLQJ�SURSHU�FKDUDFWHULVWLFV��
LQWHUSUHWLQJ�PRGHOV� DQG� JHQHUDOLVLQJ� EHWZHHQ� UHJLRQV�� EURDGO\� VSHDNLQJ��$� IXOO� SLSHOLQH�ZDV� VXJJHVWHG�
ZKLFK�FRYHUV�$XWR0/�EDVHG�FUHGLW� VHOHFWLRQ�� UHJUHVVLRQ��ERRVWLQJ� DQG�*11�PRGHO� FRPSDULVRQ��PRGHO�
LQWHUSUHWDELOLW\�DSSO\LQJ�6+$3�YDOXHV�DQG�FUHDWLQJ�YDOXDWLRQ�VXPPDULHV�XVLQJ�DQ�//0�����GLVWLQFW�VWXGLHV�
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