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�7DQYL�6DOXQNKH���3RRMD�'HKDQNDU

���'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH
���$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD
ïVDOXQNKH�WDQYLL��#JPDLO�FRP��ðSRRMDGHKDQNDU#G\SLF�LQ

$EVWUDFW

$V�VRRQ�DV�WKHUH�RFFXUV�DQ\�IDXOW�LQ�D�EXULHG�SRZHU�FDEOH��LW�EHFRPHV�LPSRVVLEOH�WR�GHWHUPLQH�WKH�IDXOW
V�
SRVLWLRQ��DQG�D�VLJQLILFDQW�DPRXQW RI�WLPH�JHWV�ZDVWHG�ZKLOH�WU\LQJ�WR�ILQG�RXW�ZKHUH�LW� LV� ORFDWHG��7KLV�
SDSHU�VXJJHVWV�DQ�HFRQRPLFDO�DQG�FRPSDFW�PHWKRG�RI�VROYLQJ�WKLV�SUREOHP��7KH�YROWDJH�DQG�FXUUHQW�YDOXHV�
RI�WKH�IDXOW\�FDEOH�DW�WKH�VHQGLQJ�HQG�ZLOO�EH�JHQHUDWHG�IURP�WKH�VHTXHQFH�QHWZRUNV�E\�XVLQJ�HTXDWLRQV�WKDW�
ZLOO�EH�REWDLQHG�IRU�VL[�VWDWHV�RI�FDEOHV��QRUPDO�RSHUDWLRQ��OLQH�WR�JURXQG�IDXOW��OLQH�WR�OLQH�IDXOW��GRXEOH�
OLQH�WR�JURXQG�IDXOW�� WKUHH�SKDVH�IDXOW��DQG�RSHQ�FLUFXLW�VWDWH��7KH�FODVVLILHU�ZLOO�GHFLGH�DERXW� WKH�IDXOW\�
FDEOH�VWDWH��ZKHUHDV�WKH�UHJUHVVRU�ZLOO�SUHGLFW�WKH�IDXOW�GLVWDQFH��$OO�WKHVH�PHWKRGV�DUH�LPSOHPHQWHG�ZLWKLQ�
D�)ODVN�VHUYLFH�ZKHUH�DOO�HYHQWV�DUH�VWRUHG�LQ�WKH�64/LWH�GDWDEDVH�DQG�ZKHUH�WKH�H[SODQDWLRQ�RI�FRQFOXVLRQV�
LV�DOVR�SURYLGHG�WRJHWKHU�ZLWK�DOHUW�QRWLILFDWLRQV�E\�PHDQV�RI�DQ�Q�Q�ZRUNIORZ��DV�ZHOO�DV�E\�DQ�$UGXLQR�
812�DORQJ�ZLWK�WKH�/&'�DQG�UHOD\�PRGXOHV�DV�D�ORFDO�RXWSXW��5DQGRP�IRUHVW�DOJRULWKP�FRUUHFWO\�FODVVLILHG�
DOO�WHVW�HYHQWV�DQG�GHWHFWHG�IDXOWV�ZLWK�DQ�DYHUDJH�HUURU�RI������NP�RQ�D���NP�ORQJ�OLQH�

.H\ZRUGV��8QGHUJURXQG�FDEOHV��IDXOW�FDWHJRUL]DWLRQ��IDXOW�ORFDOL]DWLRQ��PDFKLQH�OHDUQLQJ��UDQGRP�IRUHVW��
$UGXLQR��SUHGLFWLYH�PDLQWHQDQFH

,QWURGXFWLRQ

,W�LV�ZRUWK�QRWLQJ�WKDW�XWLOLWLHV�KDYH�EHHQ�EXU\LQJ�WKHLU�SRZHU�IHHGHUV�XQGHU�WKH�JURXQG�IRU�VRPH�WLPH�QRZ��
$Q XQGHUJURXQG�FDEOH�ZLOO�QRW�EH�DIIHFWHG�E\�WKH�ZHDWKHU��WUHH�EUDQFKHV�RU�ELUGV�DQG�HQVXUHV�WKDW�WKH�VWUHHWV�
UHPDLQ� FOHDQ�� 7KH� SUREOHP� LV� IDFHG� ZKHQ� WKHUH� LV� D� IDXOW� LQ� WKH� V\VWHP�� ,W� VKRXOG� EH� NQRZQ� WKDW� DQ�
XQGHUJURXQG�IDXOW�ZLOO�QRW�SUHVHQW�DQ\�HYLGHQFH�RI�D�IDXOW�RQ�WKH�VXUIDFH��LPSO\LQJ�WKDW�IDXOW�LGHQWLILFDWLRQ�
ZLOO�WDNH�VRPH�WLPH�VLQFH�LW�ZLOO�LQYROYH�FKHFNLQJ�WKH�YROWDJH�OHYHOV�DW�GLIIHUHQW�SRLQWV�DORQJ�WKH�FDEOH�

9DULRXV�WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG�IRU�HVWLPDWLQJ�WKH�IDXOW�ORFDWLRQ�EDVHG�RQ�HOHFWULFDO�SDUDPHWHUV��
7KH�WHFKQLTXH�WKDW�XVHG�D�GLVWULEXWHG�SDUDPHWHU�FDEOH�PRGHO�WR�HOLPLQDWH�WKH�HUURU�DVVRFLDWHG�ZLWK�D�OXPSHG�
LPSHGDQFH�PHWKRG�ZDV�SURSRVHG�E\�<DQJ�HW�DO����������$OL�HW�DO���������DQG�1DJ�HW�DO���������SURSRVHG�WKH�
WHFKQLTXH�WKDW�LQYROYHG�ZDYHIRUP�PDWFKLQJ�DQG�ZDYHOHW�WUDQVIRUPDWLRQ�IRU�WKH�IDXOW�ORFDWLRQ�SUREOHP�LQ�
WKH�FDVH�RI�KLJK�LPSHGDQFH�IDXOWV��ZKLOH�RSWLPLVDWLRQ�DSSURDFK�ZDV�XVHG�E\�1DJ�HW�DO���������WR�ORFDWH�WKH�
IDXOW��6XEVHTXHQWO\��YDULRXV�OHDUQLQJ�EDVHG�DSSURDFKHV�KDYH�EHHQ�GHYHORSHG�IRU�VROYLQJ�WKH�IDXOW�ORFDWLRQ�
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SUREOHP��7KHVH�LQFOXGHG�WKH�H[WUHPH�OHDUQLQJ�PDFKLQH�EDVHG�IDXOW�ORFDWLRQ�DSSURDFK�IRU�FDEOHV�SURSRVHG�
E\�5D\�DQG�0LVKUD��������

7KHVH�SDSHUV�SD\�PXFK�DWWHQWLRQ�WR�WKH�DOJRULWKP�LWVHOI��7KH\�GR�QRW�VD\�PXFK�DERXW�WKH�SURFHVV�IROORZLQJ�
D�SUHGLFWLRQ��KRZ�SHRSOH�DUH�LQIRUPHG�DERXW�LW��ZKHUH�LW�LV�ORJJHG��DQG�KRZ�D�XVHU�FDQ�PDNH�DQ�HVWLPDWH�RQ�
ZKHWKHU�WKH�GHFLVLRQ�LV�UHOLDEOH�HQRXJK��7KH�UHVHDUFK�GHVFULEHG�LQ�WKLV�SDSHU�FUHDWHV�D�ZKROH�FKDLQ�XVLQJ�
FKHDS�KDUGZDUH�DQG�RSHQ�VRXUFH�VRIWZDUH��DQG�HYDOXDWHV�WKH�HIILFLHQF\�RI�WKH�OHDUQLQJ�FRPSRQHQW�LQ�WKH�
SUHVHQFH�RI�QRLVH��ORDG�YDULDWLRQ��DQG�IDXOW�UHVLVWLYLW\�

)LJXUH����7DVNV�FRYHUHG�E\�HDFK�UHYLHZHG�VWXG\��$�ILOOHG�FHOO�PDUNV�D�PDLQ�HOHPHQW�RI�WKH�VWXG\��MXGJHG�
IURP�LWV�SULPDU\�IRFXV�

,Q�VRPH�FDVHV��D�SK\VLFDO�VLJQDWXUH�LV�ILUVW�GHWHFWHG�DQG�WKHQ�FRQYHUWHG�LQWR�D�GLVWDQFH�� ,Q�WKH�DSSURDFK�
VXJJHVWHG�E\�<DQJ�HW�DO����������WKHUH�LV�QR�HUURU�FRQQHFWHG�ZLWK�WKH�OXPSHG�LPSHGDQFH�RI�WKH�ORQJ�FDEOH�
WKDW� DSSHDUV� LQ� WKH� PRGHOLQJ� RI� WKH� FDEOH� WKURXJK� WKH� XVH� RI� GLVWULEXWHG� SDUDPHWHUV�� %\� DSSO\LQJ� WKH�
PDWFKLQJ�DQG�ZDYHOHW�WUDQVIRUPV�DSSURDFK�E\�$OL�HW�DO����������LW�LV�SRVVLEOH�WR�UHFHLYH�D�FRUUHFW�DVVHVVPHQW�
RI�WKH�IDXOW�ORFDWLRQ��HYHQ�LI�LW�LV�UDWKHU�SRRU�GXH�WR�KLJK�UHVLVWDQFH��7KH�RSWLPL]DWLRQ�DSSURDFK�E\�1DJ�HW�
DO���������WULHV�WR�GHWHFW�WKH�QHDUHVW�SRVLWLRQ�WR�WKH�ZDYHIRUPV�UHFHLYHG�

6RPH�RWKHUV�XVH�D�OHDUQHU�WR�GLVFRYHU�WKH�PDSSLQJ��,Q�5D\�DQG�0LVKUD���������WKH�(/0�OHDUQV�WKH�ORFDWLRQ�
PDSSLQJ��:DYHOHW�EDVHG�IDXOW�W\SH�FODVVLILFDWLRQ�XVLQJ�D�SUREDELOLVWLF�QHXUDO�QHWZRUN�KDV�EHHQ�VWXGLHG�LQ�
1JDRSLWDNNXO�DQG�6XWWLVLQWKRQJ���������ZKLOH�LQ�$SLVLW�HW�DO����������WKHUH�LV�D�VLPLODU�VFKHPH�IRU�HVWLPDWLQJ�
ORFDWLRQ��/HDUQLQJ�DOJRULWKPV�OHDUQ�UHIOHFWRPHWU\�PHDVXUHPHQWV�IURP�PXOWL�FRUH�LQVWUXPHQWHG�FDEOHV�LQ�
/HH�DQG�&KDQJ���������DQG�LQ�6DLG�HW�DO����������D�GHHS�QHWZRUN�OHDUQV�WKH�FODVVLILFDWLRQ�DQG�ORFDOL]DWLRQ�
RI�QXFOHDU�SRZHU�SODQWV
�FDEOHV��$OO�WKH�OHDUQLQJ�DSSURDFKHV�SUHVHQWHG�DERYH�KDYH�EHHQ�GHYHORSHG�XVLQJ�
FRQYHQWLRQDO� VRIWZDUH� IUDPHZRUNV� ZKLOH� WKH� DSSURDFK�HPSOR\HG� LQ� WKLV�SDSHU� LV� EDVHG�RQ�6FLNLW�OHDUQ�
�3HGUHJRVD�HW�DO���������

3UREOHP�6WDWHPHQW

)DXOW�GLDJQRVLV�IRU�XQGHUJURXQG�FDEOHV�WDNHV�WLPH��WKXV�SURORQJLQJ�GRZQWLPH�DQG�LQFUHDVLQJ�PDLQWHQDQFH�
FRVWV��7KH�SUREOHP�XQGHU�VWXG\�LV�WR�GHYHORS�DQ�DXWRPDWLF�V\VWHP�WKDW�LV�FDSDEOH�RI�GLDJQRVLQJ�WKH�W\SH�RI�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

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

IDXOW�� GHWHUPLQLQJ� WKH� GLVWDQFH� WR� WKH� IDXOW� DQG� DOHUWLQJ� WKH� SHUVRQQHO� XVLQJ� DIIRUGDEOH� KDUGZDUH�� 7KH�
REMHFWLYHV�RI�WKH�VWXG\�DUH�DV�IROORZV�

��*DWKHU�WKH�SDUDPHWHUV�XVHG�LQ�IDXOW�GHWHFWLRQ DQG�FODVVLILFDWLRQ�RI�XQGHUJURXQG�FDEOHV�

��'HYHORS�PRGHOV�IRU�IDXOW�GLDJQRVLV�DQG�HVWLPDWLRQ�RI�IDXOW�GLVWDQFH�

��,QWHJUDWH�WKH�PRGHOV�ZLWK�$UGXLQR�KDUGZDUH�DQG�ZHE�EDVHG�DODUP�V\VWHP�

3URYLGH�PHDVXUHV�IRU�YDOLGDWLRQ�DQG�LQGLFDWH�OLPLWDWLRQV�RI�WKH�HYLGHQFH�SURYLGHG�

6\VWHP�$UFKLWHFWXUH

)LJXUH���VKRZV�KRZ�WKH�FKDLQ�LV�ZLUHG�XS��,Q�WKH�SURWRW\SH�GHVLJQ��WKUHH�VZLWFKHV�FRUUHVSRQG�WR�IDXOWV�DORQJ�
WKH�FDEOH�VHFWLRQV�DW���NP��UHG�����NP��\HOORZ���DQG���NP��JUHHQ���7KH\�FDQ�RQO\�KDYH�RQH�VZLWFK�DW�D�WLPH�
DFWLYH��7KUHH�$UGXLQR�812�GLJLWDO�LQSXWV�UHDG�WKH�VWDWXV�IURP�WKH�$��WR�$��SRUWV�XVLQJ�WKH�SXOO�XSV�WKDW�
FRPH�ZLWK�WKH�FKLS��,W�DOVR�ZULWHV�RXW�WKH�FRORU�DQG�GLVWDQFH�RI�WKH�IDXOW\�FDEOH�RQWR�DQ���î��,�&�/&'�DQG�
VHQGV�WKH�VLJQDO�IRU�WKH�FRUUHVSRQGLQJ�UHOD\�FKDQQHO�XVLQJ�SLQV�'��WR�'����)LQDOO\��WKH�HYHQW�WUDYHOV�RYHU�
86%�VHULDO�DW������EDXG�UDWH�WR�D�3\WKRQ�FRGH�ZKHUH�LW�EHFRPHV�-621�DQG�JHWV�SRVWHG�WR�WKH��DSL�IDXOW�
URXWH�RI�D�)ODVN�DSSOLFDWLRQ�

)LJXUH����%ORFN�GLDJUDP�RI�WKH�SURSRVHG�V\VWHP��IURP�VLPXODWHG�IDXOW�LQSXWV�WR�ORFDO�RXWSXWV�DQG�RQOLQH�
DOHUWV����9�SURWRW\SH��

)ODVN�HYDOXDWHV�WKH�HYHQW�DQG�SHUIRUPV�DQDO\VLV�RQ�LW��7KLV�DQDO\VLV�FUHDWHV�HOHFWULFDO�IHDWXUH�YHFWRUV�RI�WKH�
GHWHFWHG�FDEOH�DQG�GLVWDQFH��LQYRNHV�WKH�FODVVLILHU�DQG�UHJUHVVRU��DQG�SURYLGHV�FRQILGHQFH�DORQJ�ZLWK�DQ�
H[SODQDWLRQ��7KH�DOHUW�UHFRUG��FRQWDLQLQJ�WKH�UHSRUW�LQ�WH[W�IRUPDW�DQG�DQ�DXGLR�PHVVDJH��JHWV�VDYHG�LQ�WKH�
64/LWH�GDWDEDVH��$Q�Q�Q�IORZ�VHQGV�WKH�UHVXOW�WR�D�ZHE�GDVKERDUG��7HOHJUDP��*PDLO��DQG�*RRJOH�6KHHWV��
6LQFH�WKHUH�LV�QR�*36�FRPSRQHQW�LQ�WKH�SURWRW\SH�V\VWHP��WKH�FROOHJH�ORFDWLRQ�LV�KDUG�FRGHG�LQWR�HYHU\�
DOHUW�
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0HWKRGRORJ\

'DWD�*HQHUDWLRQ

5HFRUGHG�IDXOWV�IRU�D�FDEOH�FRXOG�QRW�EH�DFFHVVHG��WKHUHIRUH��ODEHOHG�GDWD�ZDV�JHQHUDWHG�IRU�D�UDGLDO�WKUHH�
SKDVH�IHHGHU�ZLWK�VRXUFH�SKDVH�YROWDJH�(��7KH�VHTXHQFH�LPSHGDQFH�IRU�D�IDXOW�GLVWDQFH�G��LQ�NLORPHWHUV��
IURP�WKH�VRXUFH�LV�

=� =� =V��]�G������=� =V��]�G ���

ZKHUH�=V���=V��UHSUHVHQW�WKH�VRXUFH�LPSHGDQFH��ZKLOH�]���]��DUH�FDEOH�LPSHGDQFHV�SHU�NLORPHWHU��8VLQJ�
IDXOW� UHVLVWDQFH�5I�� V\PPHWULFDO� FRPSRQHQWV� GHWHUPLQH� WKH� VHTXHQFH� FXUUHQWV� IRU� HDFK� W\SH� RI� IDXOW� DV�
IROORZV�

/*���,� ,� ,� (=��=��=���5I ���

//���,� í,� (=��=��5I������,� � ���

//*�����5I=צ�=��=) �,�� ���

///���,� (=��5I������,� ,� � ���

7KH� VHTXHQFH� FRPSRQHQWV� FRQYHUW� VHTXHQFH� FXUUHQWV� LQWR� SKDVH� FXUUHQWV�� DGGLQJ� WKHP� WR� D� UDQGRPO\�
JHQHUDWHG�EDODQFHG�ORDG�FXUUHQW�RI�UDQGRP�VL]H�DQG�SRZHU�IDFWRU��6HQGLQJ�HQG�YROWDJHV�IROORZ�E\�GHGXFWLQJ�
VRXUFH�GURS� IRU�HDFK�VHTXHQFH�QHWZRUN�� ,Q�DQ�RSHQ�FRQGXFWRU�� WKH�SKDVH�ZLWK� WKH�IDXOW�FDUULHV�RQO\� WKH�
FKDUJLQJ�FXUUHQW�IRU�WKH�VHFWLRQ�VWLOO�LQ�VHUYLFH�

,RSHQ§MȦ&G( ���

7KHVH�YDOXHV�DUH�SURYLGHG�LQ�7DEOH����7KHVH�DUH�LQGLFDWLYH�YDOXHV�RI�DQ����N9�GLVWULEXWLRQ�OLQH�DQG�KDYH�
EHHQ�FKRVHQ�DUELWUDULO\�IRU�GHPRQVWUDWLRQ�SXUSRVHV�

7DEOH��� 6LPXODWLRQ�SDUDPHWHUV

3DUDPHWHU 9DOXH

/LQH�WR�OLQH�YROWDJH ���N9

]� �SRVLWLYH�QHJDWLYH�
VHTXHQFH�

�������M�����ȍ�NP

]� �]HUR�VHTXHQFH� �������M�����ȍ�NP

=V���=V� M�����ȍ��M�����ȍ

&DEOH�FDSDFLWDQFH ������)�NP

)HHGHU�OHQJWK��IDXOW�GLVWDQFH ��NP������WR���NP

)DXOW�UHVLVWDQFH�5I ����WR����ȍ

/RDG�FXUUHQW��SRZHU�IDFWRU ���WR�����$�������WR�����

0HDVXUHPHQW�QRLVH ���*DXVVLDQ
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3DUDPHWHU 9DOXH

(YHQWV�SHU�FODVV��WRWDO ����������

)HDWXUHV�DQG�0RGHOV

)RU�HDFK�HYHQW��WKHUH�DUH����IHDWXUHV�DW�WKH�VHQGLQJ�HQG��QRUPDOLVHG�YDOXHV�RI�YROWDJH�DQG�FXUUHQW�PDJQLWXGH�
RI� DOO� WKUHH� SKDVHV�� WKHLU� UHVSHFWLYH� FRVLQHV� DQG� VLQHV� RI� WKH� DQJOHV� EHWZHHQ�YROWDJHV� DQG� FXUUHQWV�� WKH�
UHVLGXDO�FXUUHQW�_,D���,E���,F_����DQG�WKHLU�UHVSHFWLYH�LPSHGDQFHV��UHVLVWDQFH�DQG�UHDFWDQFHV��5HVLGXDO�FXUUHQW�
LQGLFDWHV� DQ\� HDUWK�UHODWHG� SUREOHP�� DSSDUHQW� LPSHGDQFH� JLYHV� GLVWDQFH� LQIRUPDWLRQ�� DQG� DQJOHV�
GLVFULPLQDWH�UHVLVWLYH�DQG�LQGXFWLYH�FRPSRQHQWV��*DXVV�QRLVH�LV�DGGHG�WR�DOO�WKH�IHDWXUHV�WR�PRGHO�VHQVRU�
HUURUV�

7KH�GDWDVHW�ZDV�GLYLGHG� LQ�������ZLWK� VWUDWLILFDWLRQ� UHVXOWLQJ� LQ������ IRU� WUDLQLQJ�DQG������ IRU� WHVWLQJ�
LQVWDQFHV�� 7KHUH� ZHUH� VL[� FODVVLILFDWLRQ� DOJRULWKPV� WHVWHG�� GHFLVLRQ� WUHH�� N�QHDUHVW� QHLJKERUV�� ORJLVWLF�
UHJUHVVLRQ��5%)�690��JUDGLHQW�ERRVWLQJ�DQG� UDQGRP�IRUHVW��7KHUH�ZHUH�DOVR� VL[� UHJUHVVLRQ�DOJRULWKPV�
FRPSDUHG��OLQHDU�UHJUHVVLRQ��GHFLVLRQ�WUHH� N�11��5%)�690��JUDGLHQW�ERRVWLQJ�DQG�UDQGRP�IRUHVW��'LVWDQFH�
PRGHOV�ZHUH�WUDLQHG�RQO\�RQ�IDXOWHG�LQVWDQFHV�DV�WKHUH�LV�QR�IDXOW�GLVWDQFH�RI�D�KHDOWK\�FDEOH��7KH�QXPEHU�
RI�WUHHV�LQ�IRUHVWV�ZDV������)RU�FODVVLILFDWLRQ��DFFXUDF\�DQG�PDFUR�)��ZHUH�XVHG�WR�HYDOXDWH�SHUIRUPDQFH�

)RU�UHJUHVVLRQ�

0$( �1L �1GLíGL�������506( �1L �1GLíGL� ���

DQG� WKH� FRHIILFLHQW� RI� GHWHUPLQDWLRQ� 5��� )LYHIROG� FURVV�YDOLGDWLRQ� RI� WKH� IRUHVW� FODVVLILHU� SURYHG�
LQGHSHQGHQFH�RI�WKH�WHVW�UHVXOW�IURP�OXFN�LQ�VSOLWWLQJ�

([SODQDWLRQ�DQG�&DEOH +HDOWK

)RU� HDFK� SUHGLFWLRQ�� WKHUH� DUH� WKH� FODVVLILHU¶V� FRQILGHQFH� OHYHO� DQG� WKH� WRS� FRQWULEXWLQJ� IDFWRUV� WR� WKLV�
SUHGLFWLRQ��ZKLFK�DUH�REWDLQHG�XVLQJ�IHDWXUH�LPSRUWDQFH�IURP�WKH�UDQGRP�IRUHVW��$�VHSDUDWH�KHDOWK�UHSRUW�
FRQVLGHUV� ERWK� WKH� FXUUHQW� SUHGLFWLRQ DQG� WKH� SDVW� SUHGLFWLRQV�PDGH�E\� WKH� UDQGRP� IRUHVW�PRGHO� XVLQJ�
64/LWH�

,PSOHPHQWDWLRQ�LQ�+DUGZDUH

)LUVWO\��WKH�FLUFXLW�ZDV�WHVWHG�XVLQJ�WKH�:RNZL�VLPXODWRU�DQG�WKHQ�FRQVWUXFWHG�XVLQJ�WKH�EUHDGERDUG��7KH�
VZLWFKHV� UHSUHVHQW� WKH� IDXOW\� DUHDV�� 7KH� UHTXLUHG� IHDWXUHV� E\� WKH� PRGHO� DUH� GHULYHG� IURP� WKH� DERYH�
PHQWLRQHG�VLPXODWRU�IRU�WKH�SDUWLFXODU�FDEOH�DQG�GLVWDQFH��KHQFH�WKH�SURWRW\SH�LV�D�GHPRQVWUDWLRQ�RI�WKH�
ZRUNLQJ�RI�VRIWZDUH�DQG�KDUGZDUH�WRJHWKHU�LQ�D�FKDLQ�DW��9�DQG�QRW�RQ�DQ�DFWXDO�OLYH�FDEOH��7DEOH���LQGLFDWHV�
WKH�URXJK�FRVW�RI�WKH�FRPSRQHQWV�XVHG��
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7DEOH��� $SSUR[LPDWH�KDUGZDUH�FRVW

,WHP &RVW��5V��

$UGXLQR� 812� 5��
FRPSDWLEOH�ERDUG

���

)RXU�FKDQQHO� �� 9� UHOD\�
PRGXOH

���

��î��,�&�/&' ���

5RFNHU�VZLWFKHV���� ���

%UHDGERDUG ��

-XPSHU�ZLUHV ��

86%�FDEOH��KRRN�XS�ZLUH����
9�VXSSO\

���

7RWDO ����

5HVXOWV

&ODVVLILFDWLRQ�RI�)DXOWV

(DFK�RI�WKH�VL[�FODVVLILFDWLRQ�DOJRULWKPV�DWWDLQHG�DW�OHDVW�������DFFXUDF\��6SHFLILFDOO\��WKH�UDQGRP�IRUHVW��
GHFLVLRQ�WUHH��JUDGLHQW�ERRVWLQJ�DQG�ORJLVWLF�UHJUHVVLRQ�DFKLHYHG�������ZKLOH�WKH�N�11�DQG�690�REWDLQHG�
�������DQG���������UHVSHFWLYHO\��,Q�ILYH�IROG�FURVV�YDOLGDWLRQ�IRU�WKH�UDQGRP�IRUHVW��WKH�PHDQ�VFRUH�ZDV�
��������DQG�WKH�FRQIXVLRQ�PDWUL[�LQ�)LJXUH���VKRZV�QR�RII�GLDJRQDO�HOHPHQWV��7KLV�LV�DV�H[SHFWHG�RI�DQ�
LGHDOLVHG� UDGLDO� PDFKLQH� ZKRVH� VL[� VWDWHV� JHQHUDWH� KLJKO\� GLVWLQJXLVKDEOH� ZDYHIRUPV�� VR� HYHQ� VLPSOH�
FODVVLILHUV�FDQ�GLVWLQJXLVK�EHWZHHQ�WKHP��7KLV�LQGLFDWHV�WKDW�WKH�DWWULEXWHV�FRQWDLQ�WKH�UHOHYDQW�LQIRUPDWLRQ��
7KLV�UHVXOW�FDQQRW�EH�XVHG�WR�SUHGLFW�WKH�DFFXUDF\�LQ�SUDFWLFH��JLYHQ�WKH�SUHVHQFH�RI�WUDQVLHQWV��LQFLSLHQW�
IDXOWV�DQG�VHQVRU�IDXOWV�

)LJXUH����&RQIXVLRQ�PDWUL[�RI�WKH�UDQGRP�IRUHVW�FODVVLILHU�RQ������WHVW�HYHQWV������SHU�FODVV��
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'LVWDQFH�(VWLPDWLRQ

'LVWDQFH�HVWLPDWLRQ�LV�PRUH�GLIILFXOW��$V�LOOXVWUDWHG�LQ�7DEOH����WKH�UDQGRP�IRUHVW�LV�WKH�EHVW�UHJUHVVRU�ZLWK�
0$(� ������NP�DQG�5�� ������RQ���NP�IHHGHU��7KLV�LV�IROORZHG�E\�JUDGLHQW�ERRVWLQJ�DQG�WKH�VXSSRUW�YHFWRU�
UHJUHVVRU�ZKLOH�WKH�OLQHDU�UHJUHVVLRQ�ODJV�IDU�EHKLQG��UHLQIRUFLQJ�WKH�SUHIHUHQFH�IRU�QRQ�OLQHDU�DOJRULWKPV��
)LJXUH���VKRZV�SUHGLFWLRQ�YV�DFWXDO�GLVWDQFH�JUDSKLFDOO\��7KH�GDWD�SRLQWV�OLH�FORVH�WR�WKH�LGHDO�VWUDLJKW�OLQH

7DEOH��� 'LVWDQFH�HVWLPDWLRQ�RQ�IDXOWHG�WHVW�HYHQWV

0RGHO 0$(��NP� 506(��NP� 5�

/LQHDU�UHJUHVVLRQ ���� ���� ����

'HFLVLRQ�WUHH ���� ���� ����

N�11 ���� ���� ����

695��5%)� ���� ���� ����

*UDGLHQW�ERRVWLQJ ���� ���� ����

5DQGRP�IRUHVW ���� ���� ����

)LJXUH����3UHGLFWHG�YHUVXV�DFWXDO�IDXOW�GLVWDQFH�IRU�WKH�UDQGRP�IRUHVW�UHJUHVVRU�?

,PSRUWDQW�4XDQWLWLHV

3KDVH�FXUUHQW��DSSDUHQW�LPSHGDQFH��DQG�UHVLGXDO�FXUUHQW�DUH�WKH�PRVW�LPSRUWDQW�SDUDPHWHUV�IRU�FODVVLILFDWLRQ�
SXUSRVHV�EHFDXVH�WKH\�UHIOHFW�WKH�PDJQLWXGH�RI�WKH�VKRUW�FLUFXLW�DQG�HDUWK�HQJDJHPHQW�LQ�WHUPV�RI�SK\VLFV�
:KHQ�LW�FRPHV�WR�GLVWDQFH�GHWHUPLQDWLRQ��UHDFWDQFH�RI�WKH�IDXOW�ORRS�DQG�SKDVH�DQJOHV�DUH�WKH�WZR�LPSRUWDQW�
TXDQWLWLHV�EHFDXVH�UHDFWDQFH�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�WKH�OHQJWK�RI�WKH�IDXOW\�FDEOH�
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)LJXUH����7RS�IHDWXUH�LPSRUWDQFHV�IRU�WKH�UDQGRP�IRUHVW�FODVVLILHU�DQG�UHJUHVVRU�

5REXVWQHVV

7KH�FODVVLILHU�ZDV�WUDLQHG�ZLWK����QRLVH�DQG�WHVWHG�ZLWK�����QRLVH�PD[LPXP��7KH�DFFXUDF\�RI�WKH�FODVVLILHU�
GLG�QRW�IDOO�EHORZ��������7KH�ORFDWLRQ�HUURU�LQFUHDVHG�IURP������NP�IRU����QRLVH�WR������NP�IRU�����QRLVH��
6LQFH�WKHUH�LV�VWLOO�HUURU�ZKHQ�WKHUH�LV�QR�QRLVH��ZH�FRQFOXGH�WKDW�WKLV�HUURU�VWHPV�IURP�WKH�XQFHUWDLQW\�RI�
ORDG�DQG�IDXOW�UHVLVWDQFH��DQG�QRW�IURP�VHQVRUV��7KH�HUURU�IXUWKHU�JURZV�ZLWK�IDXOW�UHVLVWDQFH��IURP������NP�
XQGHU���ȍ�WR������NP�DERYH����ȍ�GXH�WR�WKH�XQNQRZQ�UHVLVWLYH�FRPSRQHQW�LQ�FDVH�RI�KLJK�IDXOW�UHVLVWDQFH��
,Q�WHUPV�RI�FODVVHV��WKH�RSHQ�FLUFXLW�DQG�GRXEOH�OLQH�WR�JURXQG�IDXOWV�DUH�ORFDWHG�ZLWK�DQ�DFFXUDF\�RI�����
NP��ZKLOH�/*��//��DQG�///�IDXOWV�DUH�IRXQG�ZLWK���NP�HUURU�

7KH�SUHGLFWHG�PHDQV�LQ�WHUPV�RI�WKH�WKUHH�VZLWFK�SURWRW\SH�VHWWLQJV�DUH������NP�������NP��DQG������NP�ZLWK�
PHDQ�DEVROXWH�HUURUV�RI�������������DQG������NP�UHVSHFWLYHO\�IURP�D�IDXOW�VLPXODWLRQ�RI������WULDOV�IRU�WKH�
��NP����NP��DQG���NP�VZLWFK�SRVLWLRQV��,W PDLQWDLQV�WKH�FRUUHFW�VHTXHQFH�RI�WKH�VZLWFK�SRVLWLRQV��DOWKRXJK�
LW� LV� OHDVW� DFFXUDWH� DW� SRVLWLRQV� FORVHVW� WR� WKH� RULJLQ� ZKHUH� WKH� DSSDUHQW� LPSHGDQFH� YDOXH� LV� ORZ� DQG�
VXVFHSWLEOH�WR�QRLVH�

'LVFXVVLRQ

&RPSDULVRQ�ZLWK�7UDGLWLRQDO�8WLOLW\�0RQLWRULQJ

7UDGLWLRQDO�XWLOLW\�PRQLWRULQJ�XVHV�SURJUDPPDEOH� ORJLF�FRQWUROOHUV�� UHPRWH� WHUPLQDO�XQLWV��DQG�6&$'$��
6XFK�D�V\VWHP�KDV�FHUWLILHG�SURWHFWLRQ�IHDWXUHV��ILHOG�VHQVRUV��DQG�SURYHQ�UHOLDELOLW\��WKH�SUHVHQW�SURWRW\SH�
GRHV�QRW�LQWHQG�WR�FRPSHWH�ZLWK�LW��+RZHYHU��LW�LV�GLIIHUHQW�LQ�WHUPV�RI�VFRSH�DQG�FRVW��7KH�IDXOW�W\SH�LV�
GHWHUPLQHG�E\�D�OHDUQHG�FODVVLILHU�DQG�QRW�E\�SUHGHWHUPLQHG�DODUP�UXOHV��WKH�ORFDWLRQ�LV�GHWHUPLQHG�E\�D�
UHJUHVVLRQ�IXQFWLRQ�ZLWK�VZLWFK�GLVWDQFH�FURVV�YHULILFDWLRQ��DOHUWV�DUH�VHQW�XVLQJ�7HOHJUDP��H�PDLO��DQG�D�
ORJERRN�VSUHDGVKHHW��DQG�WKH�FRVW�RI�WKH�KDUGZDUH�XVHG�LV�EHORZ�5V�������
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/LPLWDWLRQV

7KH�VLJQDOV�ZHUH�WDNHQ�IURP�DQ�LGHDOLVHG�UDGLDO�PRGHO��VR�JHWWLQJ������DFFXUDF\�LQ�FODVVLILFDWLRQ�LV�KLJKO\�
LGHDOLVWLF�DQG�GRHV�QRW� UHIOHFW SHUIRUPDQFH� LQ� WKH� UHDO�ZRUOG��7KH� LGHDOLVHG�PRGHO�GRHV�QRW� LQFRUSRUDWH�
WUDYHOOLQJ�ZDYHV��VKHDWK�FXUUHQWV��MRLQWV�DQG�EUDQFKHV��ZKLOH�WKH�RSHQ�FLUFXLW�PRGHO�XWLOLVHV�FKDUJLQJ�FXUUHQW�
DSSUR[LPDWLRQ��7KH�DFWXDO�KDUGZDUH�WHVWV�RQO\�XVH�WKUHH�IL[HG�GLVWDQFHV� 7KH�ODFN�RI�NQRZOHGJH�UHJDUGLQJ�
IDXOW�UHVLVWDQFH�DQG�ORDG�PHDQV�WKDW�DFWXDO�ORRS�LPSHGDQFH�LV�XQNQRZQ�DQG�WKLV�LV�ZK\�WKHUH�LV�HUURU�LQ�
ORFDWLQJ�IDXOWV�QHDU���NP�GLVWDQFH��,QFLSLHQW�IDXOWV�DUH�QRW�FRQVLGHUHG�

&RQFOXVLRQ

,Q�WKLV�SDSHU��D�PDFKLQH�OHDUQLQJ�SLSHOLQH�KDV�EHHQ�GHYHORSHG�IRU�FDEOH�IDXOWV�XQGHUJURXQG�ZKHUH�LW�VWDUWV�
ZLWK�WKH�H[WUDFWLRQ�RI�VLJQDO�IHDWXUHV�WKURXJK�FODVVLILFDWLRQ��ORFDOL]DWLRQ��DQG�H[SODQDWLRQ�RI�DQ�HYHQW��WR�
ILQDOO\�HQG�LQ�ORFDO�GLVSOD\��VWRUDJH��DQG�DOHUWLQJ��,Q�VLPXODWLRQV��UDQGRP IRUHVW�VXFFHVVIXOO\�GLIIHUHQWLDWHG�
EHWZHHQ�VL[�FDEOH�VWDWHV�ZLWKRXW�DQ\�HUURU�DQG�ORFDWHG�IDXOWV�ZLWK�DQ�DYHUDJH�GLVWDQFH�RI������NP�RQ�D���NP�
ORQJ�IHHGHU�OLQH��ZKHUH�PRVW�RI�WKH�UHPDLQLQJ�HUURUV�ZHUH�IRXQG�GXH�WR�IDXOW�UHVLVWDQFH�DQG�ORDG��,Q�IXWXUH�
VWXGLHV��WKH�PRGHOV�ZLOO�EH�WHVWHG�RQ�ODERUDWRU\�RU�ILHOG�PHDVXUHPHQWV�RI�FDEOH�DQG�WUDYHOLQJ�ZDYH�IHDWXUHV�
ZLOO�EH�DGGHG�WR�UHGXFH�ORFDWLRQ�HUURU�
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