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$EVWUDFW�� 7KLV� SDSHU� GHVFULEHV� WKH� UROH� RI� GDWD� PLQLQJ� LQ� WKH� (8�IXQGHG� 7(/(0$&� SURMHFW�
7(/(0$&�SURYLGHV�60(V�ZLWK�WHOH�PRQLWRULQJ�DQG�FRPPXQLFDWLRQV�VXSSRUW�IRU� WKH�GHSOR\PHQW�RI
DQDHURELF�GLJHVWHUV�IRU�WKH�WUHDWPHQW�RI�ZDVWH�ZDWHU�IURP�WKH�DOFRKROLF�EHYHUDJHV�LQGXVWU\��$QDHURELF
GLJHVWHUV�DUH�YHU\� HIILFLHQW�EXW�FDQ�EHFRPH�XQVWDEOH�VR� UHTXLUH�H[SHUW�NQRZOHGJH�IRU� WKHLU�KDQGOLQJ�
7(/(0$&�DLPV� WR�HQDEOH� WKH�H[SHUW� WR�ZRUN� UHPRWHO\� DQG�H[SHUWLVH� WR� EH� VKDUHG��7KH�SXUSRVH�RI
GDWD� PLQLQJ� LQ� WKLV� FRQWH[W� LV� WR� SURYLGH� VXSSRUW� IRU� WKH� IDXOW� GHWHFWLRQ� DQG� LVRODWLRQ� V\VWHP� DQG
JXLGDQFH�IRU�WKH�H[SHUWV��,Q�WKLV�SDSHU�ZH�GLVFXVV�WKH�UROH�RI�GDWD�PLQLQJ�DQG�LQGLFDWH�KRZ�LW�ZLOO�EH
GHSOR\HG�ZLWKLQ�7(/(0$&��:H�UHSRUW�ZRUN�RQ�LGHQWLI\LQJ�GLJHVWHU�SURFHVV�VWDWHV��VHQVRU�GHSOHWLRQ
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RU�PDOIXQFWLRQ�� DQG�SUHGLFWLRQ� LQWHUYDOV� DQG�SUHGLFWLRQ� ULVN�DVVRFLDWHG�ZLWK� QHXUDO�QHW�PRGHOV�� �:H
UHSRUW�RQ�XVLQJ� FOXVWHULQJ� DQG�YLVXDOL]DWLRQ� WR� LGHQWLI\�SURFHVV� VWDWHV�� � �*RRG�HVWLPDWHV� RI� FKHPLFDO
R[\JHQ�GHPDQG�FDQ�EH�PDGH�XVLQJ�QHXUDO�QHWV��WKH�SUHGLFWLRQ�ULVN�DQG�ORFDO�HUURU�EDUV�DUH�VHHQ�WR�EH
TXDOLWDWLYHO\�VDWLVIDFWRU\�

�� ,QWURGXFWLRQ
$QDHURELF�GLJHVWHUV�KDYH�ZHOO�XQGHUVWRRG�DGYDQWDJHV� LQ� WHUPV�RI� HIILFLHQF\� LQ�ZDVWH�ZDWHU
WUHDWPHQW��WKH\�RIIHU�D�KLJK�\LHOG�ZD\�RI�SURFHVVLQJ�RUJDQLF�SROOXWDQWV��7KH\�DUH� UDSLG��FDQ
GHJUDGH�FRQFHQWUDWHG�DQG�GLIILFXOW�VXEVWUDWHV��RIIHULQJ�WKH�SRVVLELOLW\�RI�HQHUJ\�FR�JHQHUDWLRQ
ZKLOH�SURGXFLQJ�YHU\�IHZ�VOXGJHV��7KH\�DUH�ELRORJLFDO�V\VWHPV�ZKLFK�FDQ�EHFRPH�XQVWDEOH�
OHDGLQJ�WR�D�EUHDNGRZQ�RI�WKH�SURFHVV�UHVXOWLQJ�LQ�D�VKXWGRZQ�DQG�D�OHQJWK\�UHVWDUW�SURFHVV�
$YRLGDQFH�RI�WKH�LQVWDELOLW\�QHHGV�H[SHUW�VXSHUYLVLRQ�DQG�OHDGV� WR�SODQWV�EHLQJ�UXQ�DW�PXFK
ORZHU� HIILFLHQF\� WKDQ� FRXOG� EH� DFKLHYHG�� �%HUQDUG�� ������ SURYLGHV� D� XVHIXO� GLVFXVVLRQ� DQG
ELEOLRJUDSK\�
7(/(0$&�LV�DQ�(8�IXQGHG�SURMHFW� ZLWK����SDUWQHUV� LQ���FRXQWULHV��7KH�SURMHFW� LQYROYHV
WUHDWPHQW� RI�ZDVWH�ZDWHU� IURP� WKH� DOFRKROLF� EHYHUDJHV� LQGXVWU\��7KH� SURGXFWLRQ� SODQWV� DUH
VPDOO� WR� PHGLXP� VL]H� XQLWV� DQG� DUH� ZLGHO\� GLVWULEXWHG�� 2QH� DLP� LV� HQYLURQPHQWDO� LPSDFW
UHGXFWLRQ��$QRWKHU�DLP�LV�WR�SURYLGH�D�ELRJDV�TXDOLW\�VXLWDEOH�IRU�FRJHQHUDWLRQ��,WV�REMHFWLYH
LV� WR�SURYLGH�D� VHW�RI� WRROV� WR�DVVLVW� D� UHPRWH�H[SHUW�FHQWUH� LQ�PDQDJLQJ�PXOWLSOH�DQDHURELF
ZDVWH� ZDWHU� WUHDWPHQW� SODQWV� �::73V�� WKURXJK� WKH� LQWHUQHW�� WKH� FHQWUH� LV� NQRZQ� DV� D
7HOHPRQLWRULQJ� DQG� $GYDQFHG� 7HOHFRQWURO� &HQWUH�� 7&&�� $� GLVFXVVLRQ� RI� WKH� SUREOHPV�
LVVXHV��DQG�SODQV�ZDV�SUHVHQWHG�WR� WKH�(&$,�ZRUNVKRS�RQ�%LQGLQJ�(QYLURQPHQWDO�6FLHQFHV
DQG�$UWLILFLDO�,QWHOOLJHQFH���/DUGRQ�HW�DO��������
'DWD�PLQLQJ� LV� VHHQ� DV� D� FRPSOHPHQWDU\� WHFKQRORJ\�ZLWKLQ� WKH� WHOHPRQLWRULQJ� DQG� FRQWURO
FHQWUH���,WV�SXUSRVH�LV�WR�DQDO\VH�WKH�H[SDQGLQJ�KLVWRU\�RI�GDWD�IURP�VHQVRUV�DQG�LWV�FRUUHODWLRQ
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ZLWK�QRUPDO�RU�DEQRUPDO�FRQGLWLRQV�RI�WKH�SODQW��7KH�H[SHFWHG�UHVXOW�LV�GLDJQRVWLF�KHOS�DQG�D
EHWWHU�XQGHUVWDQGLQJ�RI�WKH�XQGHUO\LQJ�PHFKDQLVPV��'DWD�PLQLQJ�VXSSOHPHQWV�WKH�VLPXODWLRQ
PRGHOV�IURP�ELRPDWKHPDWLFDO HTXDWLRQV���%HUQDUG�HW�DO��������7KHUH�LV�D�QHHG�IRU�WKH�7&&�WR
UH�HYDOXDWH�WKH�UXOHV��FODVVLILFDWLRQV�DQG�SUHGLFWLRQV�LQ�WKH�OLJKW�RI�WKH�H[SHUWV¶�SHUFHSWLRQ�RI
GLJHVWHU� EHKDYLRXU� DV� UHIOHFWHG� E\� WKH� DFFXPXODWLQJ� GDWD�� $� ORQJHU� WHUP� DLP� LV� WKH
JHQHUDOL]DWLRQ�RI�H[SHUWLVH�DFURVV�SODQWV�
7KLV� SDSHU� GLVFXVVHV� WKH� FRQWULEXWLRQ� WKDW� GDWD� PLQLQJ� FDQ� PDNH� WR� DVVLVWLQJ� LQ� WKH
GHSOR\PHQW� RI� DQDHURELF� GLJHVWHUV�� :H� KDYH� LQYHVWLJDWHG� GDWD� IURP� VHYHUDO� FRQWULEXWRU\
DQDHURELF�GLJHVWHUV�ZLWKLQ�7(/(0$&��7KH�GDWD�IURP�,15$�/%(�SLORW�VFDOH�GLJHVWHU�LV�EHVW
VXLWHG�IRU�WKH�SUHVHQW�LQYHVWLJDWLRQ�EHFDXVH�RI�WKH�TXDOLW\��TXDQWLW\��DQG�H[SHUW�XQGHUVWDQGLQJ
RI�WKH�DQDHURELF�GLJHVWHU�DQG�RI�WKH�GDWD��7KH�GDWD�KDV�EHHQ�ILOWHUHG�E\�H[SHUWV��:H�DOVR�KDG
DYDLODEOH�VLPXODWLRQ�GDWD�IURP�RQH� ,15$�/%(�H[SHULPHQW��:H�SUHVHQW�VRPH�ILQGLQJV�IURP
WKH�GHSOR\PHQW�RI�GDWD�PLQLQJ�ZLWK�GDWD�IURP�WKH�,15$�/%(�GLJHVWHU�
6SHFLILFDOO\�ZH�IRXQG�
��� ,QLWLDO� DQDO\VLV� RI� FOXVWHULQJ� UHVXOWV� VXJJHVW� WKDW� WKH� FOXVWHU�PHPEHUVKLS� LV� VWDEOH� DV� WKH
XVHU�GLUHFWHG� QXPEHU� RI� FOXVWHUV� YDULHV�� ZKLFK� UHGXFHV� WKH� FKDQFHV� RI� DUELWUDU\� FOXVWHU
GHWHUPLQDWLRQ���$�IXUWKHU�PHWKRG�RI�SRVW�FOXVWHU�DQDO\VLV�VKRZV�WKDW�FHUWDLQ�VHQVRU�YDULDEOHV
�LQFOXGLQJ�S+�DQG�YRODWLOH�IDWW\�DFLGV�LQ�WKH�GLJHVWHU��SRVVHVV�D�GRPLQDWLQJO\�VPDOO�YDULDQFH
LQ�PRUH�WKDQ�����RI�WKH�FOXVWHUV�
���/LQHDU�UHJUHVVLRQ�JDYH�D� IDLU�PRGHO�IRU� WKH�SUHGLFWLRQ�RI�WKH�FKHPLFDO�R[\JHQ�GHPDQG�LQ
WKH� GLJHVWHU� EXW� WHVWV� RI� WKH� IXQFWLRQDO� IRUP� VKRZHG� WKDW� LW�ZDV�PLV�VSHFLILHG��:H� SUHVHQW
SUHGLFWLRQV�RI�WKH�FKHPLFDO�R[\JHQ�GHPDQG�ZLWK�ORFDO�HUURUV�EDUV�IURP�QRQ�OLQHDU�UHJUHVVLRQ
ZLWK�QHXUDO�QHWV�7KHUH�ZDV�VRPH�HYLGHQFH� WKDW� WKH�SUHGLFWLRQ�ERXQGV�ZHUH�XQGHU�HVWLPDWHG
E\�DERXW�����RI�WKH�SUHGLFWHG�YDOXH�IRU�WKH�EHVW�QHXUDO�QHW�PRGHOV�
� ,67�����������
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�� 5ROH�RI�GDWD�PLQLQJ�LQ�7(/(0$&
��� 7(/(0$&�DV�DQ�DSSOLFDWLRQ�RI�'DWD�0LQLQJ
7KH� 7(/(0$&� SURMHFW� LQFOXGHV� VHYHUDO� SDUWQHUV� ZKR� DUH� UHVSRQVLEOH� IRU� ::73V� EHLQJ
LQYHVWLJDWHG� LQ� WKH�SURMHFW�� �7KH�SODQWV�DUH�GLYHUVH� LQ� WKHLU� FKHPLFDO� SULQFLSOH�RI�RSHUDWLRQ�
2WKHU� GLIIHUHQFHV� UHVXOW� IURP� WKH� SXUSRVH� RI� WKH�::73�ZKLFK� FDQ� EH� LQGXVWULDO�� SLORW� RU
H[SHULPHQWDO���7KH�DFWLYH�YROXPH�YDULHV�EHWZHHQ���OLWUHV��H[SHULPHQWDO��DQG���PLOOLRQ�OLWUHV
�LQGXVWULDO��� � � )XUWKHUPRUH�� WKH� WUHDWPHQW� SODQWV� RSHUDWHG� E\� VPDOO� WR� PHGLXP� HQWHUSULVHV
�60(V���KDYH�IHZ�VHQVRUV�VLQFH�VRPH�DUH�H[SHQVLYH��ZKLFK�FRQWUDVWV�ZLWK� WKH�H[SHULPHQWDO
VLWXDWLRQ�DW�,15$�ZKLFK�KDV�D�IXOO�UDQJH���6RPH�FKHPLFDO�PHDVXUHPHQWV�DUH�WDNHQ�PDQXDOO\
DW� WKH� LQGXVWULDO�VLWHV�� UHVXOWLQJ� LQ�VSDUVHU�GDWDVHWV�� � ,W� LV� WKHUHIRUH�RI�JUHDW� LQWHUHVW� WR�NQRZ
ZKLFK�VHQVRUV�PD\�EH�PRVW�HIIHFWLYH�ZKHQ�EDODQFHG�E\�WKH�QHHG�IRU�HFRQRP\�
7KH� )DXOW� 'HWHFWLRQ� DQG� ,VRODWLRQ� PHWKRG�� )',�� LV� FUXFLDO� WR� WKH� VWDEOH� UXQQLQJ� RI� WKH
GLJHVWHUV�� 7KH� )',� UXQV� DW� VLWHV� UHVSRQVLEOH� IRU� LQGLYLGXDO� GLJHVWHUV� EXW� WKH� FDOLEUDWLRQ� RI
SURFHVV� VWDWHV� LV� WKH� UHVSRQVLELOLW\� RI� WKH�7&&��'DWD�PLQLQJ� LV� DLPHG� DW� DVVLVWLQJ� WKLV� )',
V\VWHP�� &XUUHQWO\� H[SHUWV� DUH� EDQGLQJ� PDQXDOO\� VHQVRU� UHDGLQJV� WKHQ� FODVVLI\LQJ� GLJHVWHU
3URFHVV�6WDWHV��WKH�SURFHGXUH FDQ�EH�LPSURYHG�LI�GDWD�PLQLQJ�WHFKQLTXHV�FRQWLQXRXVO\�FKHFN
ILUVW�WKH�YDOLGLW\�RI�WKH�EDQGLQJ�DQG�WKHQ�FKHFN�WKH�YDOLGLW\�RI�WKH�H[SHUW�UXOHV��2QH�REMHFWLYH
RI�GDWD�PLQLQJ�LV�WR�VHHN�D�EHWWHU�FODVVLILFDWLRQ�RI�WKH�GLJHVWHU�VWDWHV��9LVXDOLVDWLRQ�WHFKQLTXHV
FRPSULVH� SDUW� RI� WKLV� DSSURDFK��7KHUH� LV� SDUWLFXODU� LQWHUHVW� LQ� XVLQJ� GDWD�PLQLQJ�PRGHOV� WR
HVWLPDWH�3URFHVV�6WDWHV�DQG�IRU�VLWXDWLRQV�ZKHUH�D�VHQVRU�IDLOV�RU�LV�VXVSHFWHG�RI�PLVUHDGLQJ�
RU�DEVHQW�EHFDXVH�RI�FRVW�
��� $FTXLVLWLRQ�DQG�DYDLODELOLW\�RI�GDWD
7KH�GDWD�VHW�XVHG�LQ�WKLV�ZRUN�LV�GUDZQ�IURP�H[SHULPHQWV�FRQGXFWHG�LQ�WKH��P� SLORW�XS�IORZ
DQDHURELF�IL[HG�EHG�GLJHVWHU�DW�,15$�/%(���6WH\HU�HW�DO������D���:H�KDYH�VHOHFWHG����GD\V



(&(0�($0/�����
RI�GDWD�PHDVXUHPHQWV�VDPSOHG�DW�DSSUR[LPDWHO\�����KRXU�LQWHUYDOV�IRU�WKH�ZRUN�UHSRUWHG�KHUH�
JLYLQJ������WLPH�VWDPSHG�UHFRUGV�IRU�WKH�VWXG\��7KLV�LV�DQ�H[WHQVLYHO\�LQVWUXPHQWHG�GLJHVWHU�
LQ�WKLV�VWXG\�ZH�FRQVLGHU�D�VXEVHW�RI�WKH�VHQVRUV���7KH�GDWD�IURP�WKH�VHQVRUV�ZHUH�ILOWHUHG�WR
DPHOLRUDWH�FRPPRQ�VHQVRU�SUREOHPV�VXFK�DV�ELDV��GULIW�DQG�VWLFNLQJ�DQG�LQFRPSOHWH�UHFRUGV
ZHUH�RPLWWHG�IURP�WKLV�VHW�� �7KHUH�DUH�PLVVLQJ�GDWD�LQ�WKH�HODSVHG�WLPH�UDQJHV��^������������
����������������������������������������������`�GD\V�
6HQVRU� GLDJQRVLV� LV� RSHUDWHG� LQ� WZR� VWHSV�� VLQJOH�YDULDEOH� DQDO\VLV� IRU� WKH� PRVW� REYLRXV
IDLOXUHV��PXOWL�YDULDEOH�DQDO\VLV�IRU�WKH�RWKHUV��$�GLVFXVVLRQ�RI� WKH�DSSURDFK�KDV�EHHQ�JLYHQ
HOVHZKHUH��/DUGRQ�HW�DO��������

7DEOH����'HVFULSWLYH�6WDWLVWLFV�IRU�)LOWHUHG�6HQVRU�'DWD
6HQVRU 9HQQ

/HYHO 0HDQ 0LQ 0D[ 6WDQGDUG
'HYLDWLRQ

WHPSGLJ���R& � ���� ���� ���� ����
TLQ�������(���P��KRXU� � ���� � �� ����
S+GLJ � ��� ���� ���� ���
FR�*DV����DJH � ���� � �� ���
TJDV�������(��P��KRXU� � ����� � ���� ����
YIDGLJ����J����(����P� � � ����� � ���� �����
WRFGLJ����J����(����P� � � ����� � ���� �����
FRGGLJ����J����(����P� � � ��� � ���� ����
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7KH�WDEOH��7DEOH����VKRZV�EDVLF�VWDWLVWLFV�IRU�WKH�VXEVHW�RI���VHQVRUV�DQG�DOVR�VKRZV�WKH�9HQQ
GLDJUDP� OHYHO�� ZKLFK� LV� H[SODLQHG� EHORZ�� � ,W� LV� DOUHDG\� NQRZQ� WKDW� WRFGLJ� EHDUV� D� VWURQJ
UHODWLRQVKLS�WR�FRGGLJ��VR�IRU�VRPH�RI�RXU�ZRUN�LW�LV�RPLWWHG�
7KH� WHPSHUDWXUH� RI� WKH� GLJHVWHU�� WHPSGLJ�� WKH� LQIORZ� UDWH�� TLQ�� DQG� WKH� S+� RI� WKH� GLJHVWHU�
S+GLJ�DUH�GHULYHG�IURP�FODVVLFDO�RQOLQH�LQVWUXPHQWDWLRQ��7KH�VDPH�LV�WUXH�RI�WKH�ELRJDV�IORZ
UDWH�� TJDV�� DQG� WKH� �DJH� FRPSRVLWLRQ� RI� FDUERQ� GLR[LGH� LQ� WKH� JDV�� FR�JDV�� 7KH
FRQFHQWUDWLRQV�LQ�WKH�GLJHVWHU�RI�YRODWLOH�IDWW\�DFLGV��YIDGLJ��WRWDO�RUJDQLF�FDUERQ��WRFGLJ��DQG
FKHPLFDO� R[\JHQ� GHPDQG�� FRGGLJ� UHTXLUH� DGYDQFHG� DQG� PRGLILHG� VHQVRUV� �6WH\HU� HW� DO�
����E��
$�FRUUHVSRQGLQJ�VHW�RI� WLPH�GHULYDWLYHV�ZDV� VXSSOLHG�ZLWK� WKH�GDWD��7KH� DYHUDJH�K\GUDXOLF
UHWHQWLRQ�WLPH�ZDV�DERXW����KRXUV�
7KHUH�DUH�RWKHU�H[WHQVLYH�GDWDVHWV�RULJLQDWLQJ�IURP�WKH�VDPH�GLJHVWHU�ZKLFK�FDQ�EH�XVHG�IRU
HYDOXDWLRQ��$�PRUH�GLIILFXOW� WDVN� LV� WKH�JHQHUDOLVDWLRQ�RI� UHVXOWV� WR�RWKHU�SODQWV��ZKLFK�ZLOO
EHFRPH�SODXVLEOH�ZKHQ�VXIILFLHQW�GDWD�EHFRPHV�DYDLODEOH�IURP�RWKHU�W\SHV�RI�SODQW�
��� 6HQVRU�UDQNLQJ
)LJXUH�� VKRZV�WKH�UHODWLYH�UDQNLQJ�RI�VHQVRUV�DV�YDULDEOHV�XVHG�KHUH���7KH�VHQVRUV�KDYH�EHHQ
UDQNHG� E\� GLJHVWHU� H[SHUWV� LQWR� IRXU� OHYHOV� VKRZQ� LQ� WKH� 9HQQ� GLDJUDP� EDVHG� XSRQ
DYDLODELOLW\��H[SHQVH��DQG�UHOLDELOLW\�
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)LJXUH�����9HQQ�GLDJUDP�VKRZLQJ�6HQVRU�5DQNLQJ
��� 3DLUZLVH�FKDUDFWHULVWLFV
&KDUDFWHULVWLFV� RI� WKH� GDWD� DUH� VKRZQ� LQ� )LJXUH� ��� � 7KLV� LV� D� PXOWLZD\� VFDWWHUSORW� RI� �
YDULDEOHV��XVLQJ�WKH�;0'9�PXOWLGLPHQVLRQDO�YLVXDOL]DWLRQ�WRRO��:DUG����������HODSVHG�WLPH
DQG� WKH� VXEVHW� RI� �� VHQVRUV� ZLWKRXW� WRFGLJ� DUH� VKRZQ�� � 7KH� FKDUW� VKRZV� DQ� LQGLYLGXDO
VFDWWHUSORW�RI�HDFK�SDLU�RI�YDULDEOHV���(DFK�LQGLYLGXDO�VFDWWHUSORW�LV�UHFLSURFDWHG�E\�D�UHYHUVHG
SORW� RQ� WKH� RSSRVLWH� VLGH� RI� WKH� PDMRU� GLDJRQDO�� ZKLFK� DOVR� VKRZV� HDFK� YDULDEOH� SORWWHG
DJDLQVW�LWVHOI�� �7KXV�WKH�OHIWPRVW�FROXPQ�VKRZV�SORWV�RI�DOO�WKH�VHQVRUV�DJDLQVW�HODSVHG�WLPH
DQG�WKH�SORW�RI�DQ\�VHQVRU�DJDLQVW�DQRWKHU�LV�LQGHSHQGHQW�RI�WLPH���,Q�WKLV�SLFWXUH��VRPH�SRLQWV
DUH� KLJKOLJKWHG� LQ� EODFN� XVLQJ� ;0'9¶V� EUXVKLQJ� WRRO� DQG� UHYHDO� SURMHFWLRQV� RI� DOO� GDWD
UHFRUGV�IRU�ZKLFK�FRG'LJ�LV�DERYH�D�FHUWDLQ�WKUHVKROG�
�� 0RGHOOLQJ�$SSURDFK�WR�5HJUHVVLRQ
7KH�ILUVW�PHWKRG�WR�EH�GHVFULEHG�LV�5HJUHVVLRQ���)RU�WKLV�DQG�IRU�WKH�RWKHU�PHWKRGV�GHVFULEHG
LQ�WKLV�SDSHU��WKH�6366�&OHPHQWLQH�FRPPHUFLDO��JHQHUDO�SXUSRVH�GDWD�PLQLQJ�SDFNDJH�LV�XVHG�
)RU� H[SRUWLQJ� GDWD� PLQLQJ� PRGHOV� WR� RWKHU� SODWIRUPV�� HLWKHU� &� FRGH� RU� WKH� ;0/�EDVHG
3UHGLFWLYH�0RGHO�0DUNXS�/DQJXDJH��300/��������FDQ�EH�XVHG�
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7KH� RULJLQDO� GDWDVHW�ZDV� VSOLW� UDQGRPO\� LQWR� WKUHH� DSSUR[LPDWHO\� HTXDO� VL]HG� VHWV� ODEHOOHG
75$,1���75$,1���7(676(7��0RGHO� WUDLQLQJ�ZDV�GRQH�RQ�75$,1���VHH�EHORZ�IRU�XVH�RI
75$,1���DQG� WHVWLQJ�ZDV�RQ� WKH�7(676(7��7LPH�ZDV�QRW�XVHG�DV� D�PRGHOOLQJ�YDULDEOH� LQ
WKLV�ZRUN�EXW�LW�ZDV�UHWDLQHG�IRU�UHFRUG�ODEHOOLQJ�DQG�YLVXDOLVDWLRQ�
([SORUDWLRQ� RI� WKH� GDWD� ZDV� FDUULHG� RXW� XVLQJ� OLQHDU� UHJUHVVLRQ� WR� SURYLGH� DQ� LQGLFDWLYH
UDQNLQJ�RI� WKH� UHODWLYH� LPSRUWDQFH� RI� HDFK�VHQVRU¶V�GDWD� LQ� WKH� VHW�� �7KH� UDQNLQJ�ZDV� GRQH
V\VWHPDWLFDOO\� E\� IRUZDUG� VWHSZLVH� UHJUHVVLRQ� XVLQJ� )
�  � �PHDQ� VTXDUHG� UHVLGXDO�PHDQ
VTXDUHG� HUURU��� 7KH� (�YLHZV� VWDWLVWLFDO� SDFNDJH� ZDV� XVHG� IRU� VRPH� RI� WKH� GLDJQRVWLFV� IRU
KHWHURVNHGDVWLFLW\��VXLWDELOLW\� IRU� D� OLQHDU� IXQFWLRQDO� IRUP��QRUPDOLW\�RI� UHVLGXDOV�� DQG�VHULDO
FRUUHODWLRQ�

)LJXUH����0XOWL�YDULDWH�VFDWWHUSORW�RI���VHQVRUV�XVLQJ�WKH�;0'9�YLVXDOL]DWLRQ�WRRO
,QLWLDO� QHXUDO� QHW� PRGHOV� ZHUH� FRQVWUXFWHG� XVLQJ� �� KLGGHQ� OD\HU� RI� �� ORJLVWLF� IXQFWLRQV�
PRQLWRULQJ� VKRZHG� WKDW� D� IL[HG� WLPH� H[LW� RQ� WKH� EHVW� PRGHO� DFKLHYHG� JDYH� D� VDWLVIDFWRU\
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FRQYHUJHQFH� LQ� WKH� WDUJHW� YDULDEOH�� ,Q� WKH� PRGHOOLQJ�� 75$,1�� ZDV� UDQGRPO\� VSOLW� LQWR� D
WUDLQLQJ�VHW�DQG�D�YDOLGDWLRQ�VHW�ZLWK�����RI� UHFRUGV� LQ�HDFK�� WKLV� LV�FDOOHG�3KDVH��WUDLQLQJ�
7KH� 3KDVH�� QHXUDO� QHW�PRGHO�ZDV� WKHQ� XVHG� WR� SUHGLFW� D� VHW� RI� VTXDUHG� UHVLGXDOV� IRU� HDFK
UHFRUG�LQ�GDWDVHW�75$,1���,Q�3KDVH��DQRWKHU�QHXUDO�QHW�LV�ILWWHG�WR�WKH�LQSXW�GDWD�XVLQJ�D�OHDVW
VTXDUHV�FRVW�IXQFWLRQ�IRU�D�MRLQW�WDUJHW�RI�WKH�WDUJHW�YDULDEOH�DQG�WKH�VTXDUHG�UHVLGXDO��$JDLQ��
KLGGHQ�OD\HU� LV�XVHG�EXW�ZLWK��� ORJLVWLF�IXQFWLRQV� LQ� LW��7KLV�DSSURDFK�HQDEOHV�XV� WR�PDNH�D
MRLQW� HVWLPDWH� RI� D� YDULDEOH� DQG� LWV� SUHGLFWLRQ� LQWHUYDOV� IRU� XQNQRZQ� WDUJHW� YDOXHV� JLYHQ
XQVHHQ�GDWD�� �7KH�WKHRU\�IRU�WKLV�LV�JLYHQ�LQ��+HDO\�HW�DO������D��DQG�D�GHPRQVWUDWLRQ�RI� LWV
XVH� ZDV� JLYHQ� LQ� �+HDO\� HW� DO�� ����E��� LW� LV� DSSURSULDWH� ZKHUH� WKH� UHVLGXDOV� DUH
KHWHURVNHGDVWLF��7KH�PHWKRG� LV� UREXVW�� GRHV� QRW� UHTXLUH� ERRWVWUDSSLQJ� RU� FDOFXODWLRQ� RI� WKH
+HVVLDQ�PDWUL[���1RU�GRHV�LW�UHTXLUH�WKH�DVVXPSWLRQ�RI�D�*DXVVLDQ�QRLVH�PRGHO�

��� �[�
�[�
 L�
���������L ��r| ��� NQQWG3 NQ VD

W LV�WKH�VWDQGDUG�6WXGHQW�W�IXQFWLRQ��Q�LV�WKH�QXPEHU�RI�GDWD�SRLQWV�LQ�WKH�WUDLQLQJ�VHW��N�LV�WKH
QXPEHU�RI�GHJUHHV�RI�IUHHGRP�YDULDEOH�SDUDPHWHUV�IRU�WKH�QHXUDO�QHW���[L LV�WKH�LQSXW�UHFRUG
YHFWRU��RPLWWLQJ�WLPHVWDPS�YDOXHV��� �[�
 LG LV�WKH�HVWLPDWHG�YDOXH�DQG� �[�
 L�V LV�WKH
FRUUHVSRQGLQJ�HVWLPDWHG�SRLQW�YDULDQFH�
��� 0RGHOOLQJ�ZLWK�OLQHDU�UHJUHVVLRQ
,Q� WDEOHV� ��� �� DQG� �� DUH� SUHVHQWHG� D� VHULHV� RI� OLQHDU� UHJUHVVLRQ�PRGHOV� WUDLQHG� RQ� GDWD� VHW
75$,1���7KH�DLP�ZDV�WR�HVWLPDWH�WKH�VHQVRU�UDQNLQJ�OHYHOV��DV�VKRZQ�LQ�7DEOH����RI�VHQVRUV
UHTXLUHG� WR� SUHGLFW� FRGGLJ�� 8VLQJ� 5� PHDQ� VTXDUHG� HUURUV�� $NDLNH¶V� LQIRUPDWLRQ� FULWHULRQ
�$,&�� DQG� UHVLGXDO� SORWV�� ZH� FRQFOXGH� WKDW� WKH� OLQHDU� PRGHOV� /HYHO��������� /HYHO�����
JLYH�IDLU�HVWLPDWHV�RI�FRGGLJ��2Q�WKH�EDVLV�RI�WKHVH�LW�LV�UHDVRQDEOH�WR�LQIHU�WKDW�WKH�SUHGLFWLRQ
RI� FRGGLJ� UHTXLUHV� HLWKHU� D� /HYHO��� WRFGLJ�� RU� D� /HYHO��� YIDGLJ�� VHQVRU�� /HYHO�� DQG� /HYHO�
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VHQVRU�GDWD�DUH�QRW�WKHPVHOYHV�DEOH�WR�SUHGLFW�FRGGLJ�ZLWKLQ�WKH�OLQHDU�DSSURDFK��(ODSVH�WLPH
LV� QRW� LQFOXGHG� DV� DQ� H[SOLFLW� PRGHOOLQJ� YDULDEOH� DQG� WHPSGLJ� ZDV� HOLPLQDWHG� DV� EHLQJ
LQGLVWLQJXLVKDEOH� IURP� ��� 7KH� 5DPVH\� 5(6(7� WHVW� LQGLFDWHV� WKDW� WKH� OLQHDU� PRGHO� KDV� D
IXQFWLRQDO�IRUP�ZKLFK�LV�PLV�VSHFLILHG�IRU�WKH�SUHGLFWLRQ�RI�FRGGLJ��WKH�-DUTXH�%HUD�VWDWLVWLF
LQGLFDWHV� WKH� UHVLGXDOV� DUH� QRW� QRUPDO�� WKH� :KLWH� WHVW� LQGLFDWHV� KHWHURVNHGDVWLFLW\�� WKH
%UHXVFK�*RGIHU\� WHVW� LQGLFDWHV� WKHUH� LV� VHULDO� FRUUHODWLRQ� RI� WKH� UHVLGXDOV�� � 3HDUVRQ
FRUUHODWLRQV�ZHUH�XVHG�WR� LGHQWLI\�KLJK�PXOWLFROLQHDULW\�EHWZHHQ�WRFGLJ��FRGGLJ��DQG�YIDGLJ�
)RU� WKLV� GDWDVHW�� WKH� FRUUHODWLRQ� EHWZHHQ� WRFGLJ�� DQG� FRGGLJ�ZDV� ������ EHWZHHQ� YIDGLJ� DQG
FRGGLJ�ZDV�������DQG�EHWZHHQ�WRFGLJ�DQG�YIDGLJ�ZDV�������

7DEOH������FRGGLJ�SUHGLFWLRQ�E\�IRUZDUG�VWHSSLQJ�OLQHDU�UHJUHVVLRQ�IURP�9HQQ�/HYHO�������
$GGLWLRQ
RUGHU�!

WRFGLJ 4LQ S+GLJ FR�JDV TJDV YIDGLJ
5� ����� ����� ����� ����� ����� �����
�$,& ����� ����� ����� ����� ����� �����
$GGLWLRQ
RUGHU�!

WRFGLJ 4LQ S+GLJ FR�JDV TJDV YIDGLJ GFR�JDV GTJDV
5� ����� ����� ����� ����� ����� ����� ����� �����
�$,& ����� ����� ����� ����� ����� ����� ����� �����
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)RU�/HYHO��������WKH�RUGHU�RI�VHOHFWLRQ�RI�VHQVRU�GDWD�IRU�DGGLWLRQ�UHPDLQHG�WKH�VDPH�ZKHQ
WKH�VHW�RI�GHULYDWLYHV�ZHUH�LQFOXGHG�LQ�WKH�GDWD�VHW��YIDGLJ�LV�KLJKO\�FRUUHODWHG�ZLWK�WRFGLJ�VR
LV� LQFOXGHG� ODWH� LQ� WKH�VHOHFWLRQ��7KH�DGMXVWHG�5� YDOXHV�DUH�HIIHFWLYHO\� LGHQWLFDO� WR�5���7KH
UDWLR�RI�$NDLNH¶V�WR�6FKZDU]�%D\HV�,QIRUPDWLRQ�&ULWHULRQ�UHPDLQHG�FORVH�WR���������,QFOXGLQJ
WKH�WLPH�GHULYDWLYHV�LQ�WKH�LQSXWV�GLG�QRW�VLJQLILFDQWO\�PRGLI\�WKHVH�TXDOLWDWLYH�H[SHFWDWLRQV�

7DEOH��� FRGGLJ�SUHGLFWLRQ�E\�IRUZDUG�VWHSSLQJ�OLQHDU�UHJUHVVLRQ�IURP�9HQQ�/HYHO�����
$GGLWLRQ
RUGHU�!

YIDGLJ S+GLJ 4JDV FR�JDV TLQ
5� ����� ����� ����� ����� �����
�$,& ����� ����� ����� ����� �����
$GGLWLRQ
RUGHU�!

YIDGLJ S+GLJ 4JDV FR�JDV GYID
GLJ

WHPSGL
J

GFR�JDV G4JDV GS+
GLJ

5� ����� ����� ����� ����� ����� ����� ����� ����� �����
�$,& ����� ����� ����� ����� ����� ����� ����� ����� �����

,Q� )LJXUH� � ZH� FRPSDUH� WKH� H[SHULPHQWDOO\� GHWHUPLQHG� FKHPLFDO� R[\JHQ� GHPDQG�� FRGGLJ�
JLYHQ� LQ� 7(676(7� ZLWK� WKH� SUHGLFWLRQV� RI� WKH� PRGHOV�� 0LVVLQJ� WLPH� UDQJHV� DUH� OLQHDUO\
MRLQHG�LQ�WKH�JUDSK����/HYHO��������UHIHUV�WR�SUHGLFWLRQV�IURP�WKH�PRGHO�LQ�7DEOH�� ZLWKRXW
WKH�GHULYDWLYHV��5HVLGB/HYHO��������LV�WKH�FRUUHVSRQGLQJ�SUHGLFWHG�UHVLGXDO��$OVR�LQ�)LJXUH
� LV� SORWWHG� WKH� UHVLGXDO� IURP� WKH� OLQHDU� UHJUHVVLRQ� PRGHO� LQ� 7DEOH� �� 5HVLGB/HYHO�����
ZKLFK�RPLWV�WKH�WLPH�GHULYDWLYH�WHUPV�
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7DEOH������FRGGLJ�SUHGLFWLRQ�E\�IRUZDUG�VWHSSLQJ�OLQHDU�UHJUHVVLRQ�IURP�9HQQ�/HYHO���

$GGLWLRQ
RUGHU

FR�JDV S+GLJ 4JDV
5� ����� ����� �����
�$,& ������ ������ ������
$GGLWLRQ
RUGHU

FR�JDV GTJDV 4LQ S+GLJ GS+
GLJ

TJDV
5� ����� ����� ����� ����� ����� �����
�$,& ������ ������ ������ ������ ������ ������

��� 1RQ�/LQHDU�5HJUHVVLRQ
$� VHW� RI� QHXUDO� QHW� PRGHOV� KDYH� EHHQ� WUDLQHG� XVLQJ� WKH� GDWD� VHW� 75$,1�� DV� XVHG� DERYH�
KRZHYHU�DOO�WKH�LQSXW�YDULDEOHV�IURP�7DEOH���DW�HDFK�9HQQ�OHYHO�ZHUH�XVHG��7KH�WDUJHW�ZDV�D
OHDVW�VTXDUHV�FRVW�IXQFWLRQ�IRU�FRGGLJ��7KH�KLGGHQ�OD\HU�QRGHV�ZHUH�ORJLVWLF�IXQFWLRQV��,QLWLDO
PRGHOV� ZHUH� SURGXFHG� XVLQJ� WKH� VRIWZDUH¶V� KHXULVWLF� DOJRULWKP� IRU� QXPEHU� RI� QRGHV� DQG
WUDLQLQJ�H[LW��)RU�WKH�UHVXOWV�UHSRUWHG�KHUH���D�IL[HG�QXPEHU��ILYH��ORJLVWLF�QRGHV�ZHUH�XVHG�LQ
RQH�KLGGHQ�OD\HU�IRU�3KDVH���75$,1��ZDV�UDQGRPO\�VSOLW�LQWR�D�WUDLQLQJ�DQG�D�YDOLGDWLRQ�VHW
FRQWDLQLQJ�DQ�HTXDO�QXPEHU�RI�UHFRUGV��SUXQLQJ�RI�LQSXW�YDULDEOHV�DQG�WKH�QXPEHU�RI�QRGHV
ZDV�VXSSUHVVHG��7UDLQLQJ�ZDV�WHUPLQDWHG�RQ�WLPH�ZLWK�WKH�EHVW�PRGHO�FKRVHQ�RQ�WKH�FULWHULRQ
RI�EHVW�ILW�WR�WKH�YDOLGDWLRQ�VHW���$�VHW�RI�VTXDUHG�UHVLGXDOV�IRU�GDWDVHW�7(67��ZHUH�JHQHUDWHG
XVLQJ�WKH�PRGHO�IURP�3KDVH��ZLWK�WKH�UHVLGXDO�EHLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�LQSXW�DQG�WKH
SUHGLFWHG�YDOXH�RI�FRGGLJ��7KLV�VHW�RI�UHVLGXDOV�FRQVWLWXWHG�WKH�ORFDO�HUURU�EDU�PRGHO�ZKLFK�ZH
DLPHG�DW�FRQVWUXFWLQJ��)RU�3KDVH��WKH�WDUJHW�ZDV�D�OHDVW�VTXDUHV�FRVW�IXQFWLRQ�IRU�FRGGLJ�DQG
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LWV�VTXDUHG�UHVLGXDO��6HYHQ�KLGGHQ�OD\HU�QRGHV�ZHUH�XVHG��3UXQLQJ�ZDV�VXSSUHVVHG�� WKH�EHVW
QHWZRUN�ZDV�VHOHFWHG�RQ�WKH�EDVLV�RI�WKH�SHUIRUPDQFH�RQ�WKH�YDOLGDWLRQ�VHW�FRQVWUXFWHG�IURP
7(67��ZLWK�WLPH�XVHG�WR�GHWHUPLQH�WKH�H[LW�

FRGGLJ��IURP�/LQHDU�5HJUHVVLRQ�ZLWK�5HVLGXDOV�

��
�
�
��
��
��

� �� �� �� �� ���
(ODSVH7LPH���GD\V

FRGGLJ
����J�(�

��P

�
�

FRGGLJ� /HYHO������� 5HVLGB/HYHOY������� 5HVLGB/HYHOY�����
)LJXUH���� 3UHGLFWLRQ�RI�FRGGLJ�E\�OLQHDU�UHJUHVVLRQ

)LJXUH� �� EHORZ� LV� D� SORW� RI� WKH� SUHGLFWLRQV� E\� QRQ�OLQHDU� UHJUHVVLRQ� IURP� WKH� QHXUDO� QHW
UHJUHVVLRQ�PRGHO�RI�FRGGLJ�IURP�3KDVH��DV�9/HYHO��������ZLWK�WKH�FRUUHVSRQGLQJ�ILOWHUHG
H[SHULPHQWDO�SRLQWV�DV�FRGGLJ����,Q�WKH�ILJXUH��WKHUH�LV�D�VXIIL[���ZKLFK�ODEHOV�WKH�VHQVRU�XVHG�
7KH�FRUUHVSRQGLQJ�UHVLGXDO�LV�SORWWHG�DV�5HVLGB9/HYHO���������WKLV�LV�WKH�DFWXDO�GLIIHUHQFH
EHWZHHQ� FRGGLJ� DQG�9/HYHO��������� 7KH� XSSHU� DQG� ORZHU� SUHGLFWLRQ� LQWHUYDO� ERXQGV� DUH
SORWWHG�DV�8SSHU�DQG�/RZHU�� WKHVH�DUH�EDVHG�XSRQ�WKH�QHXUDO�QHWV�SUHGLFWLRQ�RI� WKH�VTXDUHG
UHVLGXDO��7KH�SUHGLFWLRQ�LQWHUYDO�KDV�EHHQ�HVWLPDWHG�XVLQJ�D�����FRQILGHQFH� OHYHO�IRU� WKH� W�
YDOXH��� ,Q�SUDFWLFH�ZH�IRXQG�WKH�EDQGV�QHHGHG�WR�EH�����������RI�FRGGLJ�ZLGHU� LQ�RUGHU� WR
HQFRPSDVV������������RI�WKH�ILOWHUHG�H[SHULPHQWDO�SRLQWV��7KHUH�DUH�OLQHDU�MRLQV�RI�PLVVLQJ
GDWD�SRLQWV�
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)LJXUH����3UHGLFWLRQV�RI�FRGGLJ�E\�QRQ�OLQHDU�UHJUHVVLRQ�ZLWK�QHXUDO�QHWV

7DEOH������6XPPDU\�RI�3KDVH��1HXUDO�1HW�5HJUHVVLRQ
9/HYHO������� 9/HYHO����� 9/HYHO���

5� ����� ����� �����
(�06(� ����� ����� �����
35HUURU ����� ����� �����
W�SDLUHG ����� ����� �����
W�GLI�

YDULDQFH
������ ����� �����
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7DEOH� �� VKRZV� WKDW� WKHUH� LV� D� VXEVWDQWLDO� LQFUHDVH� LQ� WKH� PHDQ� VTXDUHG� HUURU� (�06(�� IRU
NQRZQ� WDUJHW�YDOXHV�ZKHQ� WRFGLJ� DQG�YIDGLJ� DUH�RPLWWHG� IURP� WKH�PRGHOLQJ� YDULDEOHV��7KH
PRGHO�9/HYHO����IDLOV�WR�VDWLVI\�WKH�SDLUHG�W�WHVW��$OWKRXJK�WKH�5� IRU�9/HYHO����LV�KLJK�WKHUH
LV� HYLGHQFH� IURP� WKH� UHVLGXDOV� WKDW� WKH�PRGHO� LV� QRW� VDWLVIDFWRU\�� )LUVWO\� LW� LV� VXEVWDQWLDOO\
PRUH�QRLV\�WKDQ�WKH�RWKHU�QHXUDO�QHW�PRGHOV�RYHU�WKH�ZKROH�UDQJH�RI�FRGGLJ�VR�WKH�SUHGLFWLRQ
LQWHUYDOV� DUH� PXFK� ZLGHU�� $OVR� LW� IDLOV� WR� GHDO� ZLWK� WKH� KLJKHU� FRGGLJ� YDOXHV�� YL]� WKRVH
!��J����(���P��
6HQVLWLYLW\�DQDO\VLV�JLYHV�WKH�UHODWLYH�LPSRUWDQFH�RI�LQSXW�YDULDEOHV�IRU�SUHGLFWLQJ�WKH�MRLQW
WDUJHW�EDVHG�XSRQ�WKH�SDUWLDO�JUDGLHQW�RI�WKH�WDUJHW�IXQFWLRQ��ZLWK�UHVSHFW�WR�WKH�LQSXW�YDULDEOH�
,Q�SURFHGXUHV�ZKHUH�SUXQLQJ�LV�SHUPLWWHG�WKHQ�WKH�VHQVLWLYLW\�DQDO\VLV�LV�XVHG�WR�GHWHUPLQH
LQSXW�YDULDEOH�GHOHWLRQ��7KH�ILJXUHV�LQ�7DEOH�� �EHORZ��VXJJHVW�WKDW�LQ�WKH�DEVHQFH�RI�WRFGLJ
DQG�YIDGLJ�WKHQ�WKH�PRGHO�PDNHV�PXFK�PRUH�XVH�RI�TJDV�DQG�TLQ��7KH�VHQVRU�WHPSGLJ�LV
IRXQG�WR�FRQWULEXWH�WR�WKH�PRGHO��7KH�VHQVLWLYLWLHV�IURP�3KDVH��ZKLFK�HVWLPDWHV�MXVW�FRGGLJ
VKRZ�VRPH�VLJQLILFDQW�GLIIHUHQFHV�
��� 6XPPDU\�RI�5HJUHVVLRQ
7KH�OLQHDU�UHJUHVVLRQ�PRGHOV�IRUP�D�XVHIXO�VWDUWLQJ�SRLQW�IRU�WKH�PRGHOOLQJ�RI�FRGGLJ�IRU�WKLV
GDWDVHW�� %RWK� DSSURDFKHV� VDWLVI\� W�WHVWV� IRU� WKH� FRQVLVWHQF\� RI� PHDQV� ZLWK� WKH� ILOWHUHG
H[SHULPHQWDO�WHVW�GDWD��+RZHYHU�WKH�5DPVH\�5(6(7�WHVW�LQGLFDWHV�WKDW�WKH�OLQHDU�PRGHO�KDV
WKH�ZURQJ�IXQFWLRQDO�IRUP��7KH�QHXUDO�QHW�PRGHOV�IRU�WKH�VDPH�LQSXWV�KDYH�EHWWHU�5� YDOXHV
DQG� VPDOOHU� UHVLGXDOV� DV� HYLGHQFHG�E\�(�06(���+RZHYHU�ZKHQ� ERWK� WRFGLJ� DQG� YIDGLJ� DUH
DEVHQW� IURP� WKH� LQSXWV� WKHQ� WKH�QHXUDO�QHW�DSSHDUV� WR�EH�DEOH� WR�DFKLHYH� D�EHWWHU�SUHGLFWLRQ
WKDQ�WKH�OLQHDU�PRGHO��DOWKRXJK�LW�IDLOV�WKH�SDLUHG�W�WHVW�IRU�HVWLPDWLQJ�WKH�PHDQ�DQG�LV�SRRU�DW
KLJK� FRGGLJ� YDOXHV�� 7KH� LQFOXVLRQ� RI� WKH� JUDGLHQWV� GRHV� QRW� DSSHDU� WR� SURGXFH� VLJQLILFDQW
LPSURYHPHQWV�LQ�WKH�PRGHOOLQJ�
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:H� KDYH� IRXQG� LW� ZRXOG� EH� QHFHVVDU\� WR� PDNH� D� VPDOO� VHPL�HPSLULFDO� DGMXVWPHQW� WR� WKH
SUHGLFWHG�HUURU�EDUV��8SSHU�DQG�/RZHU��LQ�RUGHU�WR�HQFRPSDVV�����RI�WKH�FRGGLJ�GDWD�SRLQWV
ZLWKLQ� WKHP� IRU� WKH� EHWWHU� QHXUDO� QHW�PRGHOV�� 7KLV� DSSHDUV� WR� EH� FDXVHG� E\� WKH� QHXUDO� QHW
XQGHUHVWLPDWLQJ� LWV� SUHGLFWLRQ� RI� VPDOO� VTXDUHG� UHVLGXDOV�� )XUWKHU�ZRUN� LV� UHTXLUHG� RQ� WKLV�
0RRG\��������KDV�GHILQHG�3UHGLFWLRQ�5LVN�DV� WKH�H[SHFWHG�YDOXH�RI�PHDQ�VTXDUHG�HUURU� IRU
XQVHHQ�WDUJHWV��7KH�RXWSXW�IURP�3KDVH���DOORZV�XV�WR�HVWLPDWH� WKLV�EXW� WKH�VDPH�IHDWXUHV�RI
VTXDUHG�UHVLGXDO�HUURU�HVWLPDWLRQ�GLVWXUE�WKH�YDOXH��WKHVH�HUURUV�DUH�UHFRUGHG�DV�35HUURU��2YHU
PDQ\�PRGHOOLQJ�UXQV�ZH�KDYH�IRXQG�WKDW�RXU�HVWLPDWH�RI�3UHGLFWLRQ�5LVN�VKDGRZV�WKH�DFWXDO
WHVWVHW�(�06(��DQG�VR�LV�D�XVHIXO�JXLGH�WR�WKH�3UHGLFWLRQ�5LVN�

7DEOH������6HQVLWLYLW\�$QDO\VLV�RI�3KDVH���1HXUDO�1HW�0RGHOV
6HQVRU 9HQQ

/HYHO
9/HYHO��
�����

9/HYHO��
���

9/HYHO���

WHPSGLJ���R& � ���� ���� ����
T,Q�������(���P��KRXU� � ���� ���� ����
S+GLJ � ���� ���� ����
&R�*DV����DJH � ���� ���� ����
TJDV�������(��P��KRXU� � ���� ���� ����
YIDGLJ�J����(����P� � � ���� ���� ���������
WRFGLJ����J����(����P� � � ���� ��������� ���������
FRGGLJ����J����(����P� � � [[[[[[ [[[[[[ [[[[[[
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�� &OXVWHULQJ
7KH�DLP�RI�XVLQJ�D�FOXVWHULQJ�DOJRULWKP�LV�WR�GLYLGH�WKH�GDWD�LQWR�SDUWLWLRQV��FOXVWHUV���ZKHUH
WKH� GDWD� ZLWKLQ� HDFK� SDUWLWLRQ� SRVVHVVHV� VRPH� FRKHUHQFH�� � ,Q� JHQHUDO�� FOXVWHU� FHQWUHV� DUH
LGHQWLILHG�DQG�D�GDWD�UHFRUG�LV�DVVLJQHG�WR�D�FOXVWHU�SRVVHVVLQJ�WKH�QHDUHVW�FHQWUH�
��� 7KH�JHQHUDO�DSSURDFK
,Q�7(/(0$&��WKH�JRDO�LV�WR�LGHQWLI\�GLVWLQFW�VWDWHV�RI�D�::73�GLJHVWHU��LQ�RUGHU�WR�GLDJQRVH
DQG� LGHQWLI\� IDXOWV�XVLQJ� WKH�)',��ZKLFK� LV�D� VWUDLJKWIRUZDUG��PRGXODU� VFKHPH�� �$V�DOUHDG\
GLVFXVVHG�� D� SDUWLWLRQLQJ� RI� SURFHVV� VWDWHV� DOUHDG\� H[LVWV� LQ� WKH� FXUUHQW� YHUVLRQ� RI� WKH
7(/(0$&�)',�DQG�LW�LV�GHVLUDEOH�WR�ILQG�PRUH�HIIHFWLYH�SDUWLWLRQLQJV�LI�WKH\�H[LVW�
��� 3URFHGXUH�DQG�UHVXOWV
7KHUH� LV� QR� VLQJOH� FOXVWHULQJ� DOJRULWKP�� ZKLFK� ZLOO� SURGXFH� WKH� EHVW� SDUWLWLRQLQJ� IRU� DOO
FLUFXPVWDQFHV����7KH�DSSURDFK�KHUH�LV�WR�XVH�RQH�DYDLODEOH�RQ�WKH�PDUNHW��7ZR�6WHS�DOJRULWKP
IURP�WKH�&OHPHQWLQH�GDWD�PLQLQJ�V\VWHP��6366���������DQG�DSSO\�SRVWSURFHVVLQJ�WHFKQLTXHV
WR�SURYLGH� LQVLJKW� LQWR� WKH� UHVXOWV��ZKLFK�PD\� UHTXLUH� LQWHUSUHWDWLRQ� E\� WKH� SURFHVV� H[SHUWV
DQG�IXUWKHU�LWHUDWLRQV�
7KH�LQIRUPDWLRQ�DERXW�WKH�FOXVWHU�GDWD�PLQLQJ�PRGHO�JHQHUDWHG�E\�WKH�DOJRULWKP�LQFOXGHV�WKH
FHQWUH�RI�HDFK�FOXVWHU�DQG�LV�RXWSXW�DV�300/��'0*����������7KLV�LV�WUDQVIRUPHG�E\�;6/7�
XVLQJ� D� ;0/� VW\OHVKHHW�� WR� D� IRUP� VXLWDEOH� IRU� FRPELQLQJ� ZLWK� WKH� FOXVWHU� PHPEHUVKLS
WDJJHG�WR�HDFK�UHFRUG�RI�WKH�RULJLQDO�GDWDVHW�
7KLV�DOJRULWKP�DOORZV�WKH�XVHU�WR�VSHFLI\�WKH�QXPEHUV�RI�FOXVWHUV�WR�EH�IRXQG�RU�WR�OHDYH�WKDW
XQVSHFLILHG�� �:KHQ�OHIW�XQVSHFLILHG�IRU� WKLV�GDWD�� WKLV�DOJRULWKP�SURGXFHG���FOXVWHUV�� �6LQFH
FXUUHQWO\�WKH�)',�XVHV����LW�ZDV�MXGJHG�WKDW���FOXVWHUV�SURYLGHV�LQVXIILFLHQW�GLVFULPLQDWLRQ�RI
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SURFHVV�VWDWHV�� 7KHUHIRUH�WKH�FOXVWHU�DOJRULWKPV�ZHUH�UXQ�DJDLQ��VSHFLI\LQJ���FOXVWHUV�DQG���
FOXVWHUV��WKH�IRUPHU�FRUUHVSRQGLQJ�WR�WKH�QXPEHU�FXUUHQWO\�XVHG�LQ�WKH�)',�
*LYHQ�D�VHW�RI� UHFRUGV��HDFK�FRQWDLQLQJ�D�YDOXH�IRU�HDFK�RI�YDULDEOHV�Y���«��YM��D�FOXVWHULQJDOJRULWKP�JHQHUDWHV�DQ�LGHQWLILHU�X�IRU�WKH�FOXVWHU��ZKLFK�FDQ�EH�DQG�LV�KHUH�D�QXPEHU�IURP��
XS�WR�DQG�LQFOXGLQJ�WKH�QXPEHU�RI�FOXVWHUV�EHLQJ�JHQHUDWHG�RQ�WKLV�H[HFXWLRQ�RI�WKH�DOJRULWKP�
6LQFH�WKH�DOJRULWKP�LV�EHLQJ�H[HFXWHG�UHSHDWHGO\�ZLWK�D�GLIIHUHQW�QXPEHU�RI�FOXVWHUV�SURGXFHG
RQ�HDFK�H[HFXWLRQ��WKH�UHVXOW�LV�D�QHZ�GDWDVHW�ZKLFK��IRU�HDFK�RULJLQDO�GDWXP��FRQWDLQV�����Y��«��YM��X���«XN �
)LJXUH���EHORZ�VKRZV�D�PXOWLYDULDWH�VFDWWHUSORW��EXW�WKLV�WLPH�ZLWK�WKH�FOXVWHU�LGHQWLILHUV�IRU�D
��FOXVWHU�DQG�D����FOXVWHU�UXQ�LQFOXGHG�DW�WKH�HQG�RI�WKH�RWKHU�YDULDEOHV���7KH�GLVFUHWH�SURSHUW\
RI�WKH�LGHQWLILHUV�LV�DSSDUHQW�IURP�WKH�ODVW���FROXPQV�DQG�ERWWRP�URZV�
6LQFH�WKH�FOXVWHULQJ�DOJRULWKP�FDQ�SURGXFH�UHVXOWV�ZKLFKHYHU�QXPEHU�RI�FOXVWHUV�LV�VSHFLILHG�
LW�LV�GHVLUDEOH�WKDW�WKHUH�LV�VRPH�VWDELOLW\��ZLWKRXW�ZKLFK�WKHUH�ZRXOG�EH�VRPH�VXVSLFLRQ�RI�WKH
UHVXOWV���$�SODXVLEOH�PHDVXUH�RI�WKLV�LV��IRU�H[DPSOH��WR�GHWHUPLQH�WKH�GHJUHH�WR�ZKLFK�HDFK�RI
WKH����FOXVWHUV� LV�FRQWDLQHG�ZKROO\��RU�DW� OHDVW� ODUJHO\��ZLWKLQ�RQH�RI� WKH���FOXVWHUV�� 0RUH
SUHFLVHO\�JLYHQ�RQH�RI�WKH����FOXVWHUV��ZLWK�ZKLFK�RI�WKH���FOXVWHUV�GRHV�LW�VKDUH�WKH�JUHDWHVW
RYHUODS� DQG� ZKDW� LV� WKDW� SURSRUWLRQ� H[SUHVVHG� DV� D� SHUFHQWDJH�� ZKLFK� ZH� UHIHU� WR� DV� WKH
LQFOXVLRQ�RI� WKH���FOXVWHU� LGHQWLILHU�ZLWK� WKH����FOXVWHU� VHW�� �$Q� LQFOXVLRQ�PHDVXUH�RI�����
ZRXOG�PHDQ� WKDW� WKH� ���FOXVWHU� LGHQWLILHU� LV� ZKROO\� FRQWDLQHG� ZLWKLQ� RQH� RI� WKH� ��FOXVWHUV
+DYLQJ�GHILQHG�WKLV��LWV�FDOFXODWLRQ�LQYROYHV�D�VWUDLJKWIRUZDUG�XVH�RI�DQ�64/�GDWDEDVH�
)RU�WKH����FOXVWHUV��WKH�PLQLPXP�PHDVXUH�LV�����ZKLFK�FRXOG�EH�UHJDUGHG�DV�ERUGHUOLQH�DQG
UHTXLULQJ� IXUWKHU� LQYHVWLJDWLRQ� DQG�� IRU� DOO� WKH� RWKHU� FOXVWHUV�� WKH�PHDVXUH� LV� ����RU� DERYH
ZKLFK�LV�VDWLVIDFWRU\�
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)RU�JUHDWHU�FRQILGHQFH�LQ�WKH�VWDELOLW\�RI�WKH�UHVXOWV��IXUWKHU�FOXVWHU�H[HFXWLRQV�ZLWK�GLIIHUHQW
QXPEHUV�RI�FOXVWHUV�QHHG�WR�EH�PDGH�
$�IXUWKHU�LQYHVWLJDWLRQ�LV�WR�GHWHUPLQH�KRZ�FRPSDFW�WKH�FOXVWHUV�DUH���,I�VRPH�YDULDEOHV�KDYH
D�QDUURZ�YDULDQFH�ZLWKLQ�D�SDUWLFXODU�FOXVWHU��LW�LV�WKHQ�SRVVLEOH�QRW�RQO\�WR�EHJLQ�WR�GHWHUPLQH
WKH�SURFHVV�VWDWHV��EXW�DOVR�WR�GHWHUPLQH�ZKLFK�YDULDEOHV�DQG�ZKDW�UDQJHV�RI� WKRVH�YDULDEOHV
DUH�UHVSRQVLEOH�IRU�D�FOXVWHU�DOJRULWKP�LGHQWLI\LQJ�WKDW�FOXVWHU�

)LJXUH����0XOWLZD\�VFDWWHUSORW�LQFOXGLQJ���VHWV�RI�FOXVWHU�LGHQWLILHUV�
)RU�D�JLYHQ�YDULDEOH�ZLWKLQ�D�JLYHQ�FOXVWHU��ZH�XVH�D�SHU�FOXVWHU�ZLGWK�PHDVXUH�DQG�H[SUHVV
WKDW� DV� D� SHUFHQWDJH�� � 7KLV� LV� EDVHG� RQ� WKH� VWDQGDUG� GHYLDWLRQ� RI� WKDW� YDULDEOH� ZLWKLQ� WKDW
FOXVWHU��E\�FRPSDULVRQ�ZLWK�VWDQGDUG�GHYLDWLRQ�RI�WKDW�YDULDEOH�ZLWKLQ�WKH�ZKROH�GDWDVHW�
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)LJXUH����� 0XOWLZD\�VFDWWHUSORW�RI�VHOHFWHG�YDULDEOHV��WKHLU�GHULYDWLYHV�DQG�FOXVWHU�LGHQWLILHUV,Q�D����FOXVWHU�UXQ��ZH�QRWH�WKDW�DOO�EXW���FOXVWHUV�FRQWDLQ�DW�OHDVW�RQH�YDULDEOH�RU�GHULYDWLYH
ZKRVH�SHU�FOXVWHU�ZLGWK�PHDVXUH�ZLWKLQ�WKH�FOXVWHU�LV�OHVV�WKDQ���������RXW�RI����KDYH�DW�OHDVW
RQH� YDULDEOH� RU� GHULYDWLYH� ZKRVH SHU�FOXVWHU� ZLGWK�PHDVXUH� LV� OHVV� WKDQ� ����� � 3RWHQWLDOO\
WKHVH�FOXVWHUV�DQG�YDULDEOHV�ZLWKLQ�WKHP�DUH�FDQGLGDWHV�RIIHU�SRWHQWLDO�IRU�LGHQWLI\LQJ�FULWHULD
IRU�SURFHVV�VWDWHV�
,Q�)LJXUH����RQH�RI�WKHVH�FOXVWHUV�LV�VKRZQ��EXW�UHVWULFWLQJ�WKH�YDULDEOHV�WR�WKRVH��ZKRVH�SHU�
FOXVWHU�ZLGWK�PHDVXUH�LV�ORZ�
��� 5HPDUNV
)XUWKHU� LQYHVWLJDWLRQ� RI� WKHVH� UHODWLRQVKLSV� ZRXOG� VWUHQJWKHQ� RXU� NQRZOHGJH� RI� WKH
XQGHUO\LQJ�SURFHVV���)XUWKHU�FOXVWHULQJ�DOJRULWKP�H[HFXWLRQ�QHHGV�WR�EH�UXQ�ZLWK�RWKHU�XVHU�
GLUHFWHG�QXPEHUV�RI�FOXVWHUV�
,W�LV�DOVR�QHFHVVDU\�WR�FRPSOHPHQW�WKH�FOXVWHULQJ�ZLWK�RWKHU�PHWKRGV���+DYLQJ�GHWHUPLQHG�VHWV
RI� FOXVWHUV�� DSSO\LQJ� DQ� DVVRFLDWLYH� UXOH� LQGXFWLRQ� DOJRULWKP�ZRXOG� LQIHU� VRPH� FULWHULD� IRU
PHPEHUVKLS�RI�WKDW�FOXVWHU�
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2QH�VRXUFH�RI�FRPSOH[LW\� LQ� WKLV�DSSOLFDWLRQ� LV� WKH�SUHVHQFH�RI�PRUH�YDULDEOHV� WKDQ�FDQ�EH
GLVSOD\HG�DW�RQFH��H[FHSW�E\�VRSKLVWLFDWHG��'�FKDUWV���6RPH�ZRUN�GHVFULEHG�DERYH�KHOSV�WKH
QXPEHU�RI�UHOHYDQW�YDULDEOHV�EH�UHGXFHG���$QRWKHU�ZD\�WR�UHGXFH�WKH�GLPHQVLRQDO�SUREOHP�LV
WR� XVH� 3ULQFLSDO� &RPSRQHQWV� $QDO\VLV�� � 7KLV� LV� DQRWKHU� WHFKQLTXH� WKDW� ZLOO� EH� XVHG� WR
VWUHQJWKHQ�RXU�NQRZOHGJH�RI�WKH�SURFHVV�VWDWH�
�� &RQFOXVLRQV
7KLV� ZRUN� KDV� GHPRQVWUDWHG� WKDW� DFFXUDWH� SUHGLFWLRQV� FDQ� EH� PDGH� RI� GLJHVWHU¶V� FKHPLFDO
R[\JHQ� GHPDQG� IURP� VHQVRU� GDWDVHWV� ZKLFK� LQFOXGH� HLWKHU� D� /HYHO��� WRFGLJ�� RU� D� /HYHO��
YIDGLJ� VHQVRU�YDULDEOHV��7KH� ORFDO� HUURU� EDUV� FRUUHVSRQGLQJ� WR� ����SUHGLFWLRQ� LQWHUYDOV� IRU
XQVHHQ� GDWD�ZHUH� HVWLPDWHG� EXW� FRPSDULVRQ�ZLWK� WKH� DFWXDO�7(676(7� WDUJHW� LQGLFDWHV� WKDW
WKHUH�FDQ�EH�DQ�XQGHUHVWLPDWH�RI� WKH�ZLGWK�RI� WKH�SUHGLFWLRQ� LQWHUYDO��7KH�PHWKRG�XVHG� IRU
REWDLQLQJ�SUHGLFWLRQ�ULVN�DQG�SUHGLFWLRQ�LQWHUYDOV�ZDV�UREXVW�WR�KHWHURVNHGDVWLFLW\�DQG�GLG�QRW
UHTXLUH�ERRWVWUDSSLQJ�
6RPH� FOXVWHU� SRVW�SURFHVVLQJ� WHFKQLTXHV� KDYH� EHHQ� XVHG� LQ� FRPELQDWLRQ�� ZKLFK� LQFUHDVHV
WKHLU�HIIHFWLYHQHVV���7KHVH�LQFOXGH�WKH�XVH�RI�DSSURSULDWH�PHDVXUHV�WR�DVVHVV�WKH�VWDELOLW\�DQG
UHOHYDQFH� RI� WKH� FOXVWHUV�� � 7KH� PHDVXUHV� DUH� VWUDLJKWIRUZDUG� WR� FDOFXODWH� DQG� UHTXLUH� WKH
FRPELQDWLRQ� RI� LQIRUPDWLRQ� IURP� D� QXPEHU� RI� VRXUFHV� DQG� VR� FDQ� EH� GRQH� ZLWK� DQ� 64/
'%06��� 7KHVH��ZLWK�DSSURSULDWH�YLVXDOL]DWLRQ��VKRZ�WKDW�VXEMHFW�WR�IXUWKHU�DSSOLFDWLRQV�RI
WKH�DOJRULWKP�VSHFLI\LQJ�ODUJHU�QXPEHUV�RI�FOXVWHUV��WKHUH�LV�VWDELOLW\�LQ�WKH�UHVXOWV���7KH\�DOVR
VKRZ�WKDW�FHUWDLQ�VHQVRU�YDULDEOHV��SDUWLFXODUO\�S+�DQG�9)$�LQ�WKH�GLJHVWHU��SRVVHVV�D�VPDOO
YDULDQFH�LQ�PRUH�WKDQ�����RI�WKH�FOXVWHUV�
7KLV�LQLWLDO�DQDO\VLV�RI�WKH�FOXVWHULQJ�UHVXOWV�VXJJHVW�WKDW�WKH�FOXVWHU�PHPEHUVKLS�LV�VWDEOH�DV
WKH� XVHU�GLUHFWHG� QXPEHU� RI� FOXVWHUV� YDULHV�� ZKLFK� UHGXFHV� WKH� FKDQFHV� RI� DUELWUDU\� FOXVWHU
GHWHUPLQDWLRQ���$�IXUWKHU�PHWKRG�RI�SRVW�FOXVWHU�DQDO\VLV�VKRZV�WKDW�FHUWDLQ�VHQVRU�YDULDEOHV



(&(0�($0/�����
�LQFOXGLQJ�S+�DQG�YRODWLOH�IDWW\�DFLGV�LQ�WKH�GLJHVWHU��SRVVHVV�D�GRPLQDWLQJO\�VPDOO�YDULDQFH
LQ�PRUH�WKDQ�����RI�WKH�FOXVWHUV�
2XU� XQGHUVWDQGLQJ� RI� GDWD� ZDV� JUHDWO\� HQKDQFHG� WKURXJK� WKH� XVH� RI� WKH� PXOWLYDULDWH
YLVXDOLVDWLRQ�WRRO�;0'9�
)XUWKHU�ZRUN�ZLOO�EH�XQGHUWDNHQ�RQ�VHQVRU�GHSOHWLRQ�DQG�RQ�IRUZDUG�WLPH�SUHGLFWLRQ�

�� $FNQRZOHGJHPHQWV
:H� ZLVK� WR� DFNQRZOHGJH� WKH� VXSSRUW� IURP� WKH� (XURSHDQ� &RPPLVVLRQ¶V� ,67� SURJUDPPH
XQGHU�WKH�7(/(0$&�SURMHFW��,67�������������
-�9�+HDO\�ZDV�VXSSRUWHG�E\�D�WHDFKLQJ�UHVHDUFK�EXUVDU\�IURP�WKH�/RQGRQ�08�&&70�
�� 5HIHUHQFHV
%HUQDUG��2���HW�DO��7(/(0$&��$Q�LQWHJUDWHG�V\VWHP�WR�UHPRWH�PRQLWRU�DQG�FRQWURO
DQDHURELF�ZDVWHZDWHU�WUHDWPHQW�SODQWV�WKURXJK�WKH�,QWHUQHW�>7(/(0$&�FRQWULEXWLRQ���@��WR
EH�SXEOLVKHG�LQ�WKH�FRQIHUHQFH�SURFHHGLQJV�RI�$'��������
%HUQDUG��2���+DGM�6DGRN��=���'RFKDLQ�'���*HQRYHVL�$���6WH\HU�-�3��'\QDPLFDO�PRGHO
GHYHORSPHQW�DQG�SDUDPHWHU�LGHQWLILFDWLRQ�IRU�DQDHURELF�ZDVWHZDWHU�WUHDWPHQW�SURFHVV�
%LRWHFKQRORJ\�DQG�%LRHQJLQHHULQJ�����������������������
'0*���������ZHE�SDJHV�RQ�300/�DW��KWWS���ZZZ�GPJ�RUJ�Y����*HQHUDO6WUXFWXUH�KWPO
+HDO\��-��9���'L[RQ��0���5HDG��%��-����DQG�&DL��)��)���&RQILGHQFH�LQ�'DWD�0LQLQJ�0RGHO
3UHGLFWLRQV�IURP�2SWLRQ�3ULFHV��3URFHHGLQJV�RI�WKH�,(((��,(&21�������������������D
+HDO\��-��9���'L[RQ��0���5HDG��%��-���DQG�&DL��)��)��&RQILGHQFH�DQG�SUHGLFWLRQ�LQ�JHQHUDOLVHG
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QRQ�OLQHDU�PRGHOV��DQ�DSSOLFDWLRQ�WR�RSWLRQ�SULFLQJ��,QWHUQDWLRQDO�&DSLWDO�0DUNHWV�'LVFXVVLRQ
3DSHU ����������������E�
/DUGRQ��/����3XQDO�$���6WH\HU��-�3���5RFD��(���/HPD��-����/DPEHUW�6���5DWLQL��3���)UDWWHVL��6���DQG
%HUQDUG��2��6SHFLILFDWLRQV�RI�0RGXODU�,QWHUQHW�%DVHG�5HPRWH�6XSHUYLVLRQ�6\VWHPV�IRU
:DVWHZDWHU�7UHDWPHQW�3ODQWV 3URFHHGLQJV�RI�%(6$, ������������
/DUGRQ��/���3XQDO��$��DQG�6WH\HU�-�3��2Q�OLQH�GLDJQRVLV�DQG�XQFHUWDLQW\�PDQDJHPHQW�XVLQJ
HYLGHQFH�WKHRU\±±H[SHULPHQWDO�LOOXVWUDWLRQ�WR�DQDHURELF�GLJHVWLRQ�SURFHVVHV��-RXUQDO�RI
3URFHVV�&RQWURO��9ROXPH�����,VVXH����2FWREHU�������3DJHV��������������
0RRG\��-�(���3UHGLFWLRQ�5LVN�DQG�$UFKLWHFWXUH�6HOHFWLRQ�IRU�1HXUDO�1HWZRUNV���)URP
6WDWLVWLFV�WR�1HXUDO�1HWZRUNV�7KHRU\�DQG�3DWWHUQ�5HFRJQLWLRQ�$SSOLFDWLRQV��(GV�
&KHUNDVVN\��9�� )ULHGPDQ��-�+���DQG�:HFKVOHU��+���1$72�$6,�6HULHV�)��6SULQJHU�9HUODJ�
�����
6WH\HU��-�3��%RXYLHU��-�&���&RQWH��7���*UDV��3���DQG�6RXVELH��3�� (YDOXDWLRQ�RI�D�IRXU�\HDU
H[SHULHQFH�ZLWK�D�IXOO\�LQVWUXPHQWHG�DQDHURELF�GLJHVWLRQ�SURFHVV� :DWHU�6FLHQFH�DQG
7HFKQRORJ\������������������������D�
6WH\HU��-�3���%RXYLHU��-�&���&RQWH��7���*UDV��3���+DUPDQG��-����'HOJHQHV��-�3��2Q�OLQH
PHDVXUHPHQWV�RI�&2'��72&��9)$��WRWDO�DQG�SDUWLDO�DONDOLQLW\�LQ�DQDHURELF�GLJHVWLRQ
SURFHVVHV�XVLQJ�LQIUD�UHG�VSHFWURPHWU\� :DWHU�6FLHQFH�DQG�7HFKQRORJ\������������������
����E�
9HUVWUDHWH��:���9DQGHYLYHUH��3��1HZ�DQG�EURDGHU�DSSOLFDWLRQV�RI�DQDHURELF�GLJHVWHU���&ULWLFDO
5HYLHZV�LQ�(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�������������
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:DUG��0�2��;PGY7RRO��LQWHJUDWLQJ�PXOWLSOH�PHWKRGV�IRU�YLVXDOL]LQJ�PXOWLYDULDWH�GDWD�
3URFHHGLQJV�,(((�9LVXDOL]DWLRQ��������������������


