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7KH�PDLQ�REMHFWLYH�RI�WKH�WKHVLV�LV�WR�VWXG\�DQG�H[SHULPHQWDOO\�YDOLGDWH�D�IXOO\�SUREDELOLVWLF�GHVLJQ
�)3'��EDVHG�DSSURDFK�IRU�NQRZOHGJH�WUDQVIHU�EHWZHHQ�%D\HVLDQ�ILOWHUV��HDFK�HVWLPDWLQJ�ODWHQW�YDULDEOHV
RI�D�OLQHDU�VWDWH�VSDFH�PRGHO�ZLWK�XQLIRUP�QRLVH�GLVWXUEDQFHV��7UDQVIHU�OHDUQLQJ�LV�D�YHU\�DWWUDFWLYH�DQG
YLEUDQW�UHVHDUFK�VXEMHFW²HVSHFLDOO\�LQ�WKH�FRPPXQLW\�RI�PDFKLQH�OHDUQLQJ�DQG�DUWLILFLDO�LQWHOOLJHQFH�
+RZHYHU��LWV�GHSOR\PHQW�LQ�WKH�ILHOG�RI�VWDWLVWLFDO�VLJQDO�SURFHVVLQJ�KDV�EHJXQ�RQO\�UHFHQWO\��PDNLQJ�WKH
REMHFWLYHV�RI�WKH�WKHVLV�YHU\�UHOHYDQW��7KH�GLIILFXOW\�RI�WKH�DVVLJQPHQW�LV�DGHTXDWH�IRU�WKH�0DVWHU¶V�GHJUHH
SURJUDPPH��³$SSOLHG�0DWKHPDWLFDO�6WRFKDVWLF�0HWKRGV´�

&KDSWHUV���������DQG���DUH�WKH�LQWURGXFWLRQ�LQWR�WKH�WKHVLV��7KH�DXWKRU¶V�FRQWULEXWLRQV�DUH�SUHVHQWHG�LQ
&KDSWHUV���DQG����0RUH�FRQFUHWHO\��&KDSWHU���SURYLGHV�D�EULHI�GHVFULSWLRQ�RI�OLQHDU�VWDWH�VSDFH�PRGHOV�
YDULRXV�DSSURDFKHV�IRU�FRQVWUXFWLQJ�VXSSRUW�RI�WKH�XQLIRUP�GLVWULEXWLRQ�DQG�GHILQLWLRQ�RI�)3'��&KDSWHU��
LQWURGXFHV��L��DQ�LVRODWHG�%D\HVLDQ�ILOWHU�IRU�D�OLQHDU�VWDWH�VSDFH�PRGHO�ZLWK�XQLIRUP�QRLVH��GLVFXVVLQJ�WKH
DSSUR[LPDWLRQ�QHFHVVDU\�WR�NHHS�WKH�WLPH�XSGDWH�VWHS�FORVHG�XQGHU�WKH�XQLIRUP�GLVWULEXWLRQ��DQG��LL��WKH
LQVWDQWLDWLRQ�RI�)3'�EDVHG�NQRZOHGJH�WUDQVIHU�IRU�D�SDLU�RI�XQLIRUPO\�PRGHOHG�ILOWHUV��PHQWLRQLQJ�WKH
FRQQHFWLRQ�EHWZHHQ�WKH�LQWHUVHFWLRQ�RI�WKH��VRXUFH�DQG�WDUJHW��ILOWHUV¶�VXSSRUWV�DQG�GLIIHUHQW�WUDQVIHU
UHJLPHV��7R�HVWDEOLVK�D�EDVHOLQH�IRU�WKH�WUDQVIHU�OHDUQLQJ��&KDSWHUV���DQG���GHVFULEH�FHQWUDOL]HG�DQG
GHFHQWUDOL]HG�LQIRUPDWLRQ�IXVLRQ�PHWKRGV��UHVSHFWLYHO\��&KDSWHU���H[SHULPHQWDOO\�YDOLGDWHV�WKH
DIRUHPHQWLRQHG�PHWKRGV�RQ�D�VHFRQG�RUGHU�G\QDPLF�V\VWHP��XVLQJ�V\QWKHWLF�GDWD��DQG�D�WKLUG�RUGHU
QDYLJDWLRQ�V\VWHP��XVLQJ�ERWK�V\QWKHWLF�DQG�UHDO�GDWD��&KDSWHU���GLVFXVVHV�WKH�UHVXOWV�

7KH�GRFXPHQW�RI����SDJHV��LQFOXGLQJ����ILJXUHV����WDEOHV�DQG���DOJRULWKP�VXPPDULHV��KDV�D�YHU\�JRRG
JUDSKLFDO�OHYHO��7KHUH�DUH�QR�FULWLFDO�HUURUV�LQ�WKH�ODQJXDJH�XVH��+RZHYHU��WKH�WH[W�LV�VRPHWLPHV�UHSHWLWLYH
�H�J���WK�SDUDJUDSK�RQ�SDJH�����DQG�FHUWDLQ�IRUPXODWLRQV�DUH�PLVOHDGLQJ�RU�GLIILFXOW�WR�XQGHUVWDQG��H�J��
�WK�SDUDJUDSK�RQ�SDJH������QG�SDUDJUDSK�RQ�SDJH������7KHUH�LV�D�VXEVWDQWLDO�DEVHQFH�RI�DUWLFOHV��7KH�WH[W
LV�VDWLVIDFWRULO\�VWUXFWXUHG�LQWR�VL[�FKDSWHUV��7KHUH�DUH�PDQ\�ZURQJ�UHIHUHQFHV�WR�PDWKHPDWLFDO�REMHFWV
�H�J����WK�SDUDJUDSK�RQ�SDJH�����DQG�ILJXUHV�DUH�VRPHWLPHV�UHIHUUHG�WR�DV�)LJXUH�RU�SLFWXUH��H�J����QG
SDUDJUDSK�RQ�SDJH������7KH�GRFXPHQW�FRQWDLQV����ELEOLRJUDSKLFDO�LWHPV��ZKHUH�VRPH�RI�WKHVH²QDPHO\�
WKH�FRQIHUHQFH�SDSHUV²KDYH�DQ�LQFRQVLVWHQW�VW\OH��6RPH�SDUWV�RI�WKH�WH[W��VXFK�DV���������DUH�QRW�GLUHFWO\
XVHG�LQ�WKH�WKHVLV�RU�DUH�LQWURGXFHG�UHSHDWHGO\��H�J����QG�SDUDJUDSK�RQ�SDJH������6RPH�DEEUHYLDWLRQV��H�J��
)3'�,)��DUH�QRW�GHILQHG��,QVWHDG�RI�XVLQJ�PDWKHPDWLFDO�V\PEROV��VRPH�TXDQWLWLHV�DUH�GHVFULEHG�E\�GLUHFWO\
HTXDWLQJ�ZRUGV�WR�YDOXHV��L�H���³DFFXUDF\ ���´���WK�SDUDJUDSK�RQ�SDJH������7KHUH�DUH�QR�XQLWV�RI
PHDVXUHPHQW�LQ�WKH�ILJXUHV�DQG�WDEOHV�

,�ILQG�WKH�WKHVLV�WR�FRPSOHWHO\�IXOILOO�WKH�DVVLJQPHQW�

7KH�DXWKRU�FRUUHFWO\�FLWHG�ELEOLRJUDSKLFDO�VRXUFHV�WR�GLVWLQJXLVK�KLV�RZQ�UHVXOWV�DQG�WKRXJKWV�
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7KH�WHFKQLFDO�OHYHO�RI�WKH�WKHVLV�LV�JRRG��1RQHWKHOHVV��,�DP�FRQFHUQHG�ZLWK�WKH�DXWKRU
V�LQWHUSUHWDWLRQ�RI
YDULRXV�SK\VLFDO�DQG�PDWKHPDWLFDO�DVSHFWV�RI�WKH�WKHVLV�

Ɣ ,Q�&DVH����DIWHU���������LW�LV�PHQWLRQHG�WKDW�WKH�LQWHUVHFWLRQ�LV�DQ�HPSW\�VHW��+RZHYHU��LQ�WKH
VHQWHQFH�SUHFHGLQJ���������WKH�DXWKRU�FODLPV�WKDW�WKLV�LQWHUVHFWLRQ�LV�D�QRQ�HPSW\�VHW�

Ɣ 7KH�YDULDWLRQDO�GLVWULEXWLRQ�LQ��������LV�LQFRUUHFW�
Ɣ 7KH�RSWLPL]DWLRQ�REMHFWLYH�LQ�������FRQWDLQV�XQGHILQHG�V\PEROV��7KHUH�LV�SUDFWLFDOO\�QR

H[SODQDWLRQ�EHKLQG�WKH�PHDQLQJ�RI�WKLV�RSWLPL]DWLRQ�SUREOHP�
Ɣ 7KHUH�LV�QR�PHQWLRQ�RI�WKH�GLVFUHWL]DWLRQ�PHWKRG�XVHG�WR�REWDLQ��������
Ɣ 7KH�DXWKRU�GHILQHV��������DV�WKH�WRWDO�QRUP�VTXDUHG�HUURU��+RZHYHU��DIWHU�VHOHFWLQJ�WKH�HQWULHV�RI

WKH�VWDWH�YHFWRU���������EHFRPHV�MXVW�WKH�WRWDO�VTXDUHG�HUURU�
Ɣ 7KH�TXDQWLWLHV�༹���༹� DQG�ᶟ�DUH�GHILQHG�DV�QRLVH ERXQGV��\HW�WKH�GHVFULSWLRQ�RI�WKH�UHVXOWV�LQ

&KDSWHU���LQGLUHFWO\�UHIHUV�WR�WKHVH�TXDQWLWLHV�DV�³SUHFLVLRQ´��³DFFXUDF\´�RU�³XQFHUWDLQW\´��7KHUH�LV
DQ�LQVXIILFLHQW�OHYHO�RI�GHWDLO�RQ�KRZ�༹���༹� DQG ᶟ�ZHUH�REWDLQHG�LQ�WKH�UHDO�GDWD�H[SHULPHQWV�

Ɣ 7KHUH�LV�QR�DWWHPSW�WR�WXQH�RU�RSWLPL]H�༹���༹� DQG ᶟ�LQ�WKH�UHDO�GDWD�H[SHULPHQWV�

,�KDYH�WZR�PDLQ�FRQFHUQV�ZLWK�WKH�UHVXOWV�SUHVHQWHG�LQ�6HFWLRQV���DQG���

Ɣ 7KH�UHVXOWV�LQ�)LJXUH�����DUH�QRW�FRQYLQFLQJ��7KH�YDOXHV�RI�༹���༹� DQG�ᶟ�DUH�QRW�YHU\�UHDOLVWLF�IRU
VHQVRUV�WKDW�DUH�FRPPRQO\�XVHG�LQ�QDYLJDWLRQ�V\VWHPV��7KH�.7�ILOWHU�LV�SUDFWLFDOO\�XQLQIOXHQFHG
E\�WKH�VRXUFH�ILOWHU��DV�DOVR�VKRZQ�LQ�)LJXUH�����ZKHUH�WKH�SHUIRUPDQFH�RI�WKH�.7�ILOWHU�LV�QHDUO\
FRQVWDQW��7KH�H[SHULPHQW�ZDV�SHUIRUPHG�RYHU�����UHSHWLWLRQV��+RZHYHU��WKHUH�LV�QR�HUURU�EDU
ZKLFK�FRXOG�SURYH�VLJQLILFDQFH�RI�WKH�VPDOO�GLIIHUHQFH�EHWZHHQ�WKH�PHWKRGV��WKH�VWG��GHYLDWLRQ�IRU
WKH�,)�ILOWHU²VXFK�DV�WKH�RQH�SUHVHQWHG�IRU�WKH�RWKHU�ILOWHUV�LQ�)LJXUH����²LV�PLVVLQJ��

Ɣ ,QGHHG��ZH�GR�QRW�NQRZ�WKH�WUXH�VWDWH�LQ�UHDO�GDWD�DSSOLFDWLRQV��,Q�VXFK�FDVHV��WKH�EHVW�ZH�FDQ�GR�LV
WR�PHDVXUH�WKH�ILOWHU¶V�SHUIRUPDQFH�YLD�WKH�LQQRYDWLRQ�VHTXHQFH��L�H���WKH�VHTXHQFH�RI�GLIIHUHQFHV
EHWZHHQ�WKH�REVHUYDWLRQ�\�W��DQG�WKH�SUHGLFWLRQ�ǔ�W��JLYHQ�E\�D�VSHFLILF�ILOWHU��PRGHO���$Q\
UHDVRQDEOH�FKRLFH�RI�D�FXPXODWLYH�GLVWDQFH�EHWZHHQ�\�W��DQG�ǔ�W�²VXFK�DV�WKH�WRWDO�VTXDUHG�HUURU
�������DGRSWHG�LQ�7DEOH����²SURYLGHV�D�IDLU�FRPSDULVRQ�DPRQJ�YDULRXV�ILOWHUV��7KHUHIRUH��,�GR�QRW
DJUHH�ZLWK�WKH�DXWKRU
V�H[SODQDWLRQ�IRU�WKH�SRRU�SHUIRUPDQFH�RI�WKH�.7�ILOWHU��DV�GLVFXVVHG�LQ
6HFWLRQ���DQG�&RQFOXVLRQ�
*LYHQ�WKDW�WKH�SURFHVV�DQG�REVHUYDWLRQ�QRLVH�YDULDEOHV�DUH�LQGLYLGXDOO\�L�L�G��DQG�PXWXDOO\

LQGHSHQGHQW��DV�DVVXPHG�E\�WKH�DXWKRU�LQ�6HFWLRQV���DQG�����WKH�LQQRYDWLRQ�VHTXHQFH�LV�VWDWLRQDU\
DQG�HUJRGLF��7KH�DXWKRU�IXOILOOV�WKHVH�DVVXPSWLRQV�LQ�WKH�V\QWKHWLF�GDWD�H[SHULPHQWV��DQG�
WKHUHIRUH��WKH�UHVXOWV�SUHVHQWHG�LQ�)LJXUHV�����DQG�����DUH�PHWKRGRORJLFDOO\�YDOLG��\HW�WKH\�DUH�QRW
FRQYLQFLQJ�GXH�WR�WKH�LPSURSHU�VHWWLQJV��DV�PHQWLRQHG�DERYH���7KHVH�DVVXPSWLRQV�DUH�FHUWDLQO\�QRW
IXOILOOHG�LQ�WKH�UHDO�GDWD�H[SHULPHQWV��7KHUHIRUH��LW�LV�QHFHVVDU\�WR�SHUIRUP�IXUWKHU�DQDO\VLV�RI�WKH
LQQRYDWLRQ�VHTXHQFH��)RU�H[DPSOH��HYDOXDWLQJ�WKH�DXWRFRUUHODWLRQ�ZRXOG�DOORZ�IRU�DVVHVVLQJ�WKH
VXLWDELOLW\�RI�WKH�PRGHO�������WR�WKH�UHDO�GDWD�FROOHFWHG�E\�WKH�DXWKRU��UHYHDOLQJ�WKDW�WKH�PDLQ
UHDVRQ�IRU�WKH�SRRU�SHUIRUPDQFH�RI�WKH�.7�ILOWHU��DQG�WKH�RWKHU�QRQ�LVRODWHG�ILOWHUV��OLHV�LQ�WKH
PRGHO�PLVPDWFK��H�J���WKHUH�LV�QR�PRGHO�RI�WKH�ELDV�RI�WKH�VHQVRUV�LQ���������ZKLFK�FDQ�MHRSDUGL]H
WKH�.7�ILOWHU¶V�DELOLW\�WR�UHMHFW�LPSUHFLVH�VRXUFH�NQRZOHGJH�

7KH�DXWKRU�GHPRQVWUDWHG�WKH�DELOLW\�WR�ZRUN�RQ�DQ�LQWHUHVWLQJ�DQG�RULJLQDO�UHVHDUFK�SUREOHP��7KHUHIRUH��,
UHFRPPHQG�WKH�WKHVLV�IRU�GHIHQGLQJ�WKH�0DVWHU¶V�GHJUHH��1RQHWKHOHVV��GXH�WR�WKH�DIRUHPHQWLRQHG
VKRUWFRPLQJV��,�VXJJHVW�JUDGLQJ�WKH�WKHVLV�ZLWK & ��JRRG�

Ã��



4XHVWLRQV�

Ɣ &DQ�\RX�SUHVHQW�DQ�HTXLYDOHQW�RI�)LJXUH�����XVLQJ�PRUH�UHDOLVWLF�VHWWLQJV�RI�༹���༹� DQG�ᶟ"�)RU
H[DPSOH��\RX�FDQ�VHW�YDOXHV�FORVH�WR�WKRVH�\RX�XVHG�LQ�WKH�UHDO�GDWD�H[SHULPHQWV��DOORZLQJ�WKH
FKDQJH�LQ�༹� DQG�༹� E\��VD\��WZR�RUGHUV�RI�PDJQLWXGH �WR�UHGXFH�WKH�VLPXODWLRQ�WLPH��

Ɣ ,Q�6HFWLRQ���\RX�PHQWLRQ�WKDW�LW�LV�XQFOHDU�ZK\�WKH�FHQWUDOL]HG�IXVLRQ�LV�PRUH�VXFFHVVIXO�LQ
HVWLPDWLQJ�WKH�DFFHOHUDWLRQ�WKDQ�WKH�RWKHU�DSSURDFKHV��&RXOG�\RX�EULHIO\�GHVFULEH�ZKDW�LV�WKH
REVHUYDELOLW\�DQG�UHFRQVWUXFWDELOLW\�RI�D�G\QDPLF�V\VWHP��DQG�ZKHWKHU�LW�FDQ�KHOS�\RX�LQ
H[SODLQLQJ�WKLV�LVVXH"
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