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'HSDUWPHQW�RI�$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�(QJLQHHULQJ
$MHHQN\D '<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��3XQH��,QGLD

3URI��*RSLND�)DWWHSXUNDU�

7HFKQLFDO�6HPLQDU��7(��$,	'6���$�<������±��

$EVWUDFW

45� FRGHV� RIIHU� FRQYHQLHQFH� E\� WXUQLQJ� DFWLYLWLHV� VXFK� DV� SD\PHQWV�� VLJQ�LQV�� WLFNHW� HQWULHV� DQG�PHQX�
EURZVLQJ�LQWR�RQH�VWHS�DFWLRQV��KRZHYHU��WKHLU�ILQDO�GHVWLQDWLRQ�PD\�QHYHU�UHYHDO�XQOHVV�RQH�VFDQV�WKHP��,W�
LV�TXLVKLQJ�KHUH�WKDW�WDNHV�SODFH�E\�PHDQV�RI�UHGLUHFWLQJ�ZLWK�WKH�DLG�RI�45�FRGH��7KLV�SDSHU�SUHVHQWV�DQ�
RYHUYLHZ�RI�UHVHDUFK�ILQGLQJV�UHODWHG�WR�SKLVKLQJ�DWWDFNV�DQG�TXLVKLQJ�XVLQJ�45�FRGHV�PDLQO\�SXEOLVKHG�
IURP������± ������0DFKLQH�OHDUQLQJ��0/���GHHS�OHDUQLQJ��'/��DQG�([SODLQDEOH�$,��;$,��WHFKQLTXHV�DUH�
DOO�FRQVLGHUHG��7HQ�GLIIHUHQW�SXEOLFDWLRQV�KDYH�EHHQ�FRQVLGHUHG�ZLWK� UHVSHFW� WR� WKH�VRXUFH�RI�GDWD�� WKHLU�
GHWHFWLRQ�PHWKRGRORJLHV��DQG�WKH�NLQG�RI�H[SODQDWLRQV�JHQHUDWHG��7KH�DQDO\VLV�UHYHDOV�WKDW�WKHUH�DUH�QRW�
PDQ\�FDVHV�ZKHUH�RQH�PRGHO�LV�GHYHORSHG�ZKLFK�LQFRUSRUDWHV�ERWK�GHWHFWLRQ�RI�PDOLFLRXV�45�LPDJHV�DQG�
D�V\VWHP�RI�H[SODLQDEOH�85/�DQDO\VLV��7KH�RWKHU�PDLQ�SUDFWLFDO LVVXHV�DUH�WKDW�D�ZDUQLQJ�FRPLQJ�MXVW�LQ�
WLPH�PD\�QRW�ZRUN�EHFDXVH�RQH�KDV�DOUHDG\�IDOOHQ�LQWR�D�WUDS�� UHOLDQFH�RQ�SUHGHILQHG�WKUHDWV� OLVWV��QRQ�
LQWHUSUHWDEOH� SUHGLFWLRQV�� OHJLWLPDWH� ZHEVLWHV� ZURQJO\� IODJJHG�� 7KLV� SDSHU� GHVFULEHV� D� WKHRUHWLFDO�
IUDPHZRUN�ZKLFK�FDQ�PHUJH�LQIRUPDWLRQ�RI�45�FRGHV�DQG�85/�DQG�FDOFXODWH�WKH�WKUHDW�RI�HDFK�FDVH�IURP�
�� WR�����ZLWK� WKH�VXSSRUW�RI�HLWKHU�6+$3�RU�/,0(�IRU�JHQHUDWLQJ� WKH�H[SODQDWLRQ��7KLV�SDSHU� LV� MXVW�D�
FRQFHSWXDO�SURSRVDO�IRU�IXUWKHU�UHVHDUFK�LQ�WKLV�ILHOG��,W�KDV�QHLWKHU�EHHQ�LPSOHPHQWHG�QRU�LV�LW�EDVHG�RQ�DQ\�
H[SHULPHQWDO�HYLGHQFH�

.H\ZRUGV��45�FRGH�SKLVKLQJ��TXLVKLQJ��45�FRGH�VHFXULW\��H[SODLQDEOH�$,��6+$3��/,0(��85/�DQDO\VLV��
PDFKLQH�OHDUQLQJ��6+$3��/,0(�

,��,1752'8&7,21

45 FRGHV�DUH�QRZ�EHLQJ�XVHG�EH\RQG�MXVW�ODEHOV�RU�VWRFN�LGHQWLILHUV�ZLWKLQ�ZDUHKRXVHV��,Q�IDFW��WKH�PRVW�
FRPPRQ�ZD\V�SHRSOH�LQWHUDFW�ZLWK�D�45�FRGH�DUH�E\�XVLQJ�D�PRELOH�PRQH\�VFDQQHU�WR�SD\��D�45�VFDQQHU�
WR�FKHFN�LQ�ZKHQ�WKH�HYHQW�KDV�EHHQ�ERXJKW��D�45�FRGH�DW�D�UHVWDXUDQW�WDEOH�WR�VHH�WKH�PHQX��DQG�HYHQ�45�
DGV�RQOLQH��,Q�D�YHU\�VLPSOH�ZD\��D�45�FRGH�DFWXDOO\�FRQWDLQV�VRPH�NLQG�RI�LQIRUPDWLRQ�WKDW�D�GHYLFH�FDQ�
UHDG�DQG�WKH�PRVW�FRPPRQ�RQH�LV�D�ZHE�DGGUHVV��,Q�DOPRVW�DOO�FDVHV�WKH�LPDJH�RI�D�FRGH�GRHV�QRW�UHIOHFW�
PXFK�DERXW�WKH�GHVWLQDWLRQ�RU�SXUSRVH�RI�WKH�FRGH��,Q�WKLV�SDUWLFXODU�VFHQDULR��PDOLFLRXV�DFWRUV�FDQ�SODFH�D�
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FRXQWHUIHLW�FRGH�RQ�D�SRVWHU�RU�VWLFNHU��RU�HYHQ�WKURXJK�D�YLUXV�LQIHFWHG�H�PDLO�DWWDFKPHQW��8SRQ�VFDQQLQJ��
WKH�LQGLYLGXDO�FRXOG�EH�OHG�WR�D�IDNH�ORJ�LQ�SDJH��7KH�XVHU�PD\�EH�YLFWLP�RI�GDWD�WKHIW�RU�EH�GHFHLYHG�LQWR�D�
ILQDQFLDO�VFDP�>�@�>�@��7KH�GHYLFH�VFDQQHU�PLJKW�MXVW�GHFRGH�DQG�GLVSOD\�WKH�VFDQQHG�LQIRUPDWLRQ�ZLWKRXW�
DQ\�YHULILFDWLRQ��ZKHWKHU�WKDW�GHVWLQDWLRQ�LV�VDIH�

5HVHDUFK� RQ� GHWHFWLRQ� KDV� EHHQ� VWXG\LQJ� ERWK�45�FRGH� LPDJHV� >�@>�@� DQG� SKLVKLQJ�85/V� RU�ZHEVLWHV�
>�@>��@��:KLOH�IODJJLQJ�D�SUREOHP�LWHP�LV�VLJQLILFDQW�ZRUN��WKH�LGHDO�VHFXULW\�PHFKDQLVP�ZLOO�DOVR�KDYH�WR�
MXVWLI\�WKH�ZDUQLQJ��7KH�XVHU�DQG�WKH�VHFXULW\�H[SHUW�PD\�ERWK�KDYH�EHWWHU�LQVLJKWV�LQWR�WKH�RXWFRPH�IURP
WKH�H[SODQDWLRQV�DQG�ZRXOG�EH�DEOH�WR�LGHQWLI\�DQ\�PLVWDNHV��YHULI\�D�PRGHO�LV�QRW�WRR�GHSHQGHQW�RQ�WUDLQLQJ�
SDWWHUQV��HWF��6+$3�DQG�/,0(�DUH�WZR�ZD\V�RI�SURYLGLQJ�KXPDQ�LQWHUSUHWDEOH�H[SODQDWLRQV�DERXW�PRGHO�
RXWSXWV��0DQ\�SKLVKLQJ�VWXGLHV�KDYH�XVHG�WKHVH WZR�WHFKQLTXHV�WRJHWKHU�ZLWK�FODVVLILHUV�>�@��>�@��>�@>��@�

(DUOLHU ZRUN�SULPDULO\�DGGUHVVHG�SKLVKLQJ�ZHEVLWHV�DQG�85/V�>�@��2XU�SDSHU�H[DPLQHV�WKUHH�LQWHUUHODWHG�
WDVNV�DQG�KRZ�WKH\�FRXOG�EH�FDUULHG�MRLQWO\��D�VFDQQHU�RI�WKH�45�FRGH��DQ�DQDO\WLFDO SURFHVV�RI�WKH�85/�
HQFRGHG� LQ� LW�� DQG� DQ� H[SODQDWLRQ�PRGXOH� WR� FODULI\� KRZ� DQG�ZK\� WKH� V\VWHP�PDGH� LWV� GHFLVLRQV��:H�
HYDOXDWHG�WHQ�UHFHQW�FRQWULEXWLRQV�LQ�WKLV�ILHOG��DQDO\VHG�KRZ�WKH�45�FRGH�OHYHO�IHDWXUHV�DQG�WKH�85/�OHYHO�
IHDWXUHV�FDQ�SRWHQWLDOO\�HQKDQFH�HDFK�RWKHU��KLJKOLJKWHG�ILYH�PDLQ�DUHDV�IRU�IXUWKHU�UHVHDUFK��DQG�SURSRVHG�
D�PXOWLOD\HUHG�IUDPHZRUN�LQFRUSRUDWLQJ�H[SODLQDELOLW\�IHDWXUHV�

6HFWLRQ�,,�JLYHV�DQ�LQWURGXFWLRQ�WR�45�FRGH�VHFXULW\��85/�IHDWXUHV��FODVVLILHUV��DQG�;$,��7KH�PHWKRGRORJ\�
RI�WKH�OLWHUDWXUH�VHDUFK�ZLOO�EH�FRYHUHG�LQ�WKH�QH[W�VHFWLRQ�± 6HFWLRQ�,,,��6L[WHHQ�DUWLFOHV�DUH�WKH�IRFXV�RI�
6HFWLRQ� ,9�� ZKLOH� WKHLU� FKDUDFWHULVWLFV� DUH� FRPSDUHG� LQ� 6HFWLRQ�9�� ,Q� 6HFWLRQ�9,�� WKH� UHPDLQLQJ� RSHQ�
SUREOHPV� DQG� OLPLWDWLRQV� RI� H[LVWLQJ� DSSURDFKHV� DUH� GLVFXVVHG�� $� PXOWLUHSUHVHQWDWLRQ�� PXOWLPRGDO�
DUFKLWHFWXUH�WKDW�VXSSRUWV�H[SODLQDELOLW\�ZDV�GHYHORSHG�DQG�GHVFULEHG�LQ�6HFWLRQ�9,,�ZKLFK�DOVR�SUHVHQWV�
WKH�FRQFOXVLRQ�DQG�GLVFXVVHV�IXWXUH�UHVHDUFK�GLUHFWLRQV�LQ�VHFWLRQ�9,,,�

,,��%$&.*5281'

$��45�&RGHV DQG�4XLVKLQJ

45�FRGHV�DUH�GHILQHG�DQG�VWDQGDUGLVHG�DFFRUGLQJ�WR�WKH�VSHFLILFDWLRQ�RI�,62�,(&�������>��@��DUH�LGHQWLILHG�
E\�WKHLU�YHUVLRQ�IURP���WR�����WKH�KLJKHU�YHUVLRQV�KDYLQJ�PRUH�PRGXOHV�DQG�WKHUHIRUH�FDUU\LQJ�PRUH�GDWD��
7KHUH� DUH�RQO\� IRXU� HUURU�FRUUHFWLRQ� OHYHOV� LQ� WKH� VWDQGDUG��/��0��4�DQG�+�ZLWK� UHFRYHU\�FDSDELOLW\�RI�
URXJKO\���������������DQG������UHVSHFWLYHO\��(UURU�FRUUHFWLRQ�KHOSV�\RX�WR�NHHS�WKH�FRGH�UHDGDEOH�LI�SDUW�
RI�WKH�FRGH�LV�GHVWUR\HG�RU�PLVVLQJ��7KDW�PD\�EH�VXIILFLHQW�IRU�QRUPDO�ZHDU�DQG�WHDU��EXW�LW�LV�DOVR�D�ZD\�
WKDW�WKH�EDG�JX\V�FDQ�SUHYHQW�OHJLWLPDWH�FRGH�IURP�DSSHDULQJ�E\�UHSODFLQJ�LW�ZLWK�WKHLU�PDOLFLRXV�YHUVLRQ�
LQVWHDG��,Q�TXLVKLQJ��WKH�85/�KLGGHQ�LQ�WKH�FRGH�RIWHQ�WDNHV�\RX�WR�D�FRXQWHUIHLW�ORJLQ�SDJH�RU�OHDGV�\RX�WR�
D�PDOLFLRXV ZHEVLWH��6LQFH�45�FRGH�LV�D�VFDQQHG�LPDJH��LW�LV�SRVVLEOH�WKDW�D�WH[W�RQO\�VSDP�ILOWHU�PD\�QRW�
FKHFN�WKH�LQWHUQDO�DGGUHVV��)XUWKHU��VFDQQLQJ�PD\�WDNH�SODFH�E\�PHDQV�RI�WKH�XVHU
V�SULYDWH�SKRQH�RXWVLGH�
WKH�FRPSDQ\
V�XVXDO�WHFKQLFDO�FRQWUROV�

%��3KLVKLQJ�85/�)HDWXUHV

85/�EDVHG�SKLVKLQJ�85/�GHWHFWRUV�FDQ�XVH�PDQ\�GLIIHUHQW�W\SHV�RI�VLJQDOV��/H[LFDO�VLJQDOV�FRPH�GLUHFWO\�
IURP�WKH�85/�� IRU�H[DPSOH��LWV�OHQJWK��SUHVHQFH�RI�FKDUDFWHUV�VXFK�DV�GRWV��K\SKHQV�DQG�GLJLWV��DQ��#��
V\PERO��VXVSLFLRXV�WHUPV�RU�HYHQ�DQ�,3�DGGUHVV�LQVWHDG�RI�D�IDPLOLDU�GRPDLQ�QDPH��+RVW�OHYHO�VLJQDOV�UHIHU�
WR� WKH�KRVWLQJ�GRPDLQ�DQG�LWV�KLVWRU\�ZKLFK�FRXOG�LQYROYH�IDFWRUV�OLNH�GRPDLQ�DJH��:+2,6�UHJLVWUDWLRQ�
GDWD��'16�UHFRUGV�DQG�RYHUDOO�WUXVWZRUWKLQHVV��7KH�VWUXFWXUDO�FOXHV�FRQVLVW�RI�WKH�SDWK�WR�WKH�ZHE�SDJH�DQG�
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LI�WKHUH�DUH�PXOWLSOH�VWHSV�LQYROYHG�LQ�WKH�UHGLUHFWLRQ�SURFHVV�SOXV�WKH�GLIIHUHQFH�WKDW�WKHUH�PLJKW�EH�EHWZHHQ�
WKH�GLVSOD\HG�85/�DQG�WKH�RQH�WKDW�LW�ZLOO�EH�WDNHQ�WR�LQ�WKH�HQG��)RU�H[DPSOH��LI�VRPHRQH�XVHV�D�OHJLWLPDWH�
ORRNLQJ�GRPDLQ�QDPH�WR�OXUH�WKH�XVHU�WR�D�SKLVKLQJ�ZHEVLWH��WKH�GRPDLQ�LV�XVXDOO\�QHZ��KDV�D�OLPLWHG�XVDJH�
KLVWRU\�LQ�WKH�LQWHUQHW�FRQWH[W�DQG�KHQFH�PLJKW�QRW�DSSHDU�LQ�DQ\�RI�WKUHDW�LQWHOOLJHQFH�GDWDEDVHV��6R�VXFK�
85/�GHWHFWRUV�EDVHG�SXUHO\�RQ�WKUHDW�LQWHOOLJHQFH�OLVWV�PLJKW�PLVV�RU�RYHUORRN�WKHVH�LPLWD�WLRQV�

&��&ODVVLILHUV�8VHG

7KH FKRLFH�RI�PRGHO�IRU�WKH�GHWHFWLRQ�WDVN�UHOLHV�RQ�WKH�QDWXUH�RI�WKH�GDWD�SURYLGHG�DQG�WKH�UHTXLUHPHQWV�RI�
WKH�V\VWHP��7KH�PRVW�SRSXODU�DSSURDFKHV�EDVHG�RQ�5DQGRP�)RUHVW�RU�JUDGLHQW�ERRVWLQJ��OLNH�;*%RRVW�VSDQ�
LG �V��>��@�� DUH� W\SLFDOO\� XVHG� RQ� IHDWXUHV� H[WUDFWHG� IURP� WKH�85/V�� ,QVWHDG� RI� XVLQJ� WKHVH� WUHH�EDVHG�
PRGHOV��WKH�UHFXUUHQW�QHXUDO�QHWZRUNV��FRQYROXWLRQDO�QHXUDO�QHWZRUNV�DQG�WUDQVIRUPHU�PRGHOV�DUH�FDSDEOH�
RI�KDQGOLQJ�SXUH�WH[W�RU�LPDJH�GDWD��8VXDOO\��WKHVH�PHWKRGV�DUH�QRW�MXVW�D�IHZ�WUHH�EDVHG�DQG�RQH�RU�WZR�
PRGHOV��%HVLGHV�WKHLU�HIIHFWLYHQHVV��VXFK�PRGHOV�PD\�EH�FRPELQHG�ZLWK�LQWHUSUHWDWLRQ�WRROV��2Q�WKH�RWKHU�
KDQG��GHHS�OHDUQLQJ�PRGHOV�DUH�FDSDEOH�RI�LQIHUULQJ�SDWWHUQV�IURP WKH�GDWDVHW�WKHPVHOYHV�ZKLOH�WKH�RQO\�
SUREOHP�LV�WKH�FRPSXWLQJ�UHVRXUFH�GHPDQG��LQWHUSUHWDWLRQ�LV�DQ�LVVXH�DJDLQ�

'��([SODLQDEOH�$,�IRU�6HFXULW\�0RGHOV

7KH�6+$3�YDOXH�>��@�SURYLGHV�DQ�HVWLPDWH�RI�DQ�LQGLYLGXDO�IHDWXUH
V�LQIOXHQFH�LQ�WKH�SUHGLFWLRQ RI�D�FHUWDLQ�
IHDWXUH�RI�D�JLYHQ�PRGHO�WKDW�LW�ZRXOG�EH�XVHG�IRU��6XSSRVH�WKHUH�LV�D�PRGHO�I�WKDW�UHFHLYHV�WKH�IHDWXUHV�IURP�
D�VHW�)�DQG�JLYHQ�WKH�LQSXW�[��WKHQ�WKH�ZD\�WR�DVVLJQ�WKH�LPSRUWDQFH�WR�WKH�LWK�IHDWXUH�ZRXOG�ORRN�OLNH�

ĳࢾ  �ȈB^6ك� )?^L``�Z�6��> IB^6׫^L``�[��í�IB6�[��@ ���

Z�6�� �_6_���_)_�í�_6_�í�������_)_� ���

6�LV�D�VHW�RI�IHDWXUHV�WKDW�GRHV�QRW�LQFOXGH�IHDWXUH�L��,Q�WKHVH�SKUDVHV��WKH�/,0(�PHWKRGRORJ\�>��@�WDNHV�D�
ORFDOL]HG�DSSURDFK��LW�ILWV�DQ�HDVLHU�WR�LQWHUSUHW�PRGHO�LQ�WKH�YLFLQLW\�RI�RQH�H[DPSOH�WR�GHVFULEH�WKH�DFWXDO�
FODVVLILHU¶V�DFWLYLW\�LQ�WKDW�UHJLRQ��7KH�IRUPHU�FDQ�KHOS�H[SODLQ��VD\��D�45�FRGH�LQGLYLGXDOO\�DQG�WKH�ODWWHU�
DQ�H[SODQDWLRQ�RI�IHDWXUHV�FRPPRQ�WR�PXOWLSOH�H[DPSOHV�

,,,��5(9,(:�0(7+2'2/2*<

:H�FRQGXFWHG�D�OLWHUDWXUH�VHDUFK�RI�SDSHUV�SXEOLVKHG�LQ�GLIIHUHQW�MRXUQDOV�LQFOXGLQJ�,(((�;SORUH��6SULQJHU��
:LOH\��$&0� 'LJLWDO� /LEUDU\�� DU;LY�� DQG� *RRJOH� 6FKRODU�� .H\ZRUGV� XVHG� LQ� VHDUFKLQJ� ZHUH� GLIIHUHQW�
FRPELQDWLRQV� RI� ³³TXLVKLQJ´´�� ³³PDOLFLRXV� 45� FRGH� GHWHFWLRQ´´�� ³³SKLVKLQJ� 85/� GHWHFWLRQ´´��
³³H[SODLQDEOH�$,´�´�³³6+$3´�´�³³/,0(´��DQG³³GHHS�OHDUQLQJ´��7KH�VWXG\�UHYLHZ�PDLQO\�LQFOXGHG�ZRUNV�
WKDW�ZHUH�SXEOLVKHG�LQ�(QJOLVK�EHWZHHQ������DQG�������$�ZRUN�ZRXOG�EH�VHOHFWHG�LI�LW�GHVFULEHG�WKH�GHVLJQ�
RI�D�GHWHFWLRQ�WHFKQLTXH�RU�D�PHWKRG�IRU�WHVWLQJ�GHWHFWLRQ�WHFKQLTXHV�IRU�SKLVKLQJ�ZHEVLWHV�RU�PDOZDUH�YLD�
45�FRGHV��RU�LW�SURYLGHG�DQ�RYHUYLHZ�RI�WKH�FXUUHQW�GHWHFWLRQ�PHWKRGV�IRU�WKHP��7KRVH�WKDW�VSRNH�DERXW�
WKH�XVH�RI�SKLVKLQJ�LQ�RWKHU�IRUPV�RI�FKDQQHOV�KDYH�EHHQ�H[FOXGHG��:H�PDGH�LW�GRZQ�WR����WKDW�JDYH�GHWDLOHG�
FRPSDUDWLYH�VWXGLHV��WKUHH�IRFXVHG�RQO\�RQ�WKH�45�DVSHFW�>�@±>�@��RQH�D�VXUYH\�RI�GLIIHUHQW�PHWKRGV�>�@��
ZKHUHDV�WKH�UHPDLQLQJ�VL[�GLVFXVVHG�WKH�FDVH�RI�85/V�RU�ZHEVLWHV��RI�WKHVH�ILYH�KDG�DQ�H[SOLFLW�FRPSRQHQW�
IRU�H[SODLQDELOLW\� >�@�� >�@�� >�@� WR>��@��� ,Q�DGGLWLRQ��ZH�XVHG� OLWHUDWXUH� UHODWHG� WR�45�6WDQGDUGV��PDFKLQH�
OHDUQLQJ�FODVVLILHUV�DQG�H[SODLQDEOH�$,�WHFKQLTXHV�IRU�SURYLGLQJ�WHFKQLFDO�EDFNJURXQG�LQ�>��@�WR�>��@�
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$��45�&RGH�/HYHO�'HWHFWLRQ

7UDG�DQG�&KHKDE�>�@�HYDOXDWH�PDFKLQH�OHDUQLQJ�EDVHG�DSSURDFKHV�IRU�WKH�GHWHFWLRQ�RI�TXLVKLQJ�IURP�45�
FRGH�FRQWHQW�GDWD��,Q�WKHLU�H[SHULPHQWV��WKH\�IRXQG�DQG�FRQFOXGHG�WKDW�;*%RRVW�ZDV�WKH�PRGHO�WKDW�\LHOGHG�
WKH�EHVW�SHUIRUPDQFH�DPRQJ�WKRVH�WKDW�ZHUH�WHVWHG��7KHLU�SDSHU�IRFXVVHV�RQO\�WR�FKDUDFWHULVWLFV�RI�WKH�45�
FRGH�DQG�OHDYHV�85/V�HQFRGHG�LQ�LW�XQDQDO\VHG��$OVXODPL�HW�DO��>�@�ZRUN�LV�D�PDFKLQH�GHHS�OHDUQLQJ�EDVHG�
DQDO\VLV�V\VWHP�IRU�GHWHFWLQJ�PDOLFLRXV�45�FRGH��7KHLU�UHVXOWV�DUH�WKDW�LW�FDQ�LQGHHG�EH�LPSOHPHQWHG�KHUH�
EXW�ZLWK�DGGLWLRQDO�FRPSXWDWLRQDO�FRVWV�DV�DQ�WUDGHRII��6DUNKL�DQG�0LVKUD�>�@�DUH�ORRNLQJ�DW�45�FRGH�UHODWHG�
F\EHU�DWWDFNV�ZLWK�OLJKWZHLJKW�GHHS�OHDUQLQJ�QHWZRUN�GHVLJQ�DLPLQJ�WR�OHVVHQ�VXFK�FRVWV��3XWWLQJ�DOO�WKDW�
WRJHWKHU�� WKHVH� DUWLFOHV� XQGHUOLQH� WKH� XVHIXOQHVV� RI� 45� FRGH� OHYHO� IHDWXUHV�� KRZHYHU�� LW¶V� WKH� ODFN� RI�
FRPELQDWLRQ�ZLWK�WKH�DQDO\VLV�RI�85/�DQG�DOVR�ODFN�RI�H[SODQDWLRQV�WDLORUHG�IRU�WKH�KXPDQV�WKDW�DUH�WKH�
GUDZEDFNV�

%��([SODLQDEOH�0/�IRU�3KLVKLQJ�'HWHFWLRQ

&DO]DURVVD� HW� DO�� FRQVLGHU KRZ� SKLVKLQJ� GHWHFWLRQ� LV� HQKDQFHG� ZLWK� H[SODLQDEOH� PDFKLQH� OHDUQLQJ�
WHFKQLTXHV��QRWDEO\�WKURXJK�WKH�EDJ�RI�ZRUGV�DSSURDFK�>�@�DV�ZHOO�DV�DQDO\VLV�RI�WKH�IHDWXUHV�WKDW�HQDEOH�
GLIIHUHQWLDWLRQ� EHWZHHQ� SKLVKLQJ� ZHEVLWHV� DQG� JHQXLQH� ZHEVLWHV� >�@�� 7KH� ,&&&17� ����� SDSHU� >�@�
GHPRQVWUDWHV�DQ�0/�EDVHG�WHFKQLTXH�IRU�SKLVKLQJ�85/V�DQG�LQWHJUDWHV�WKH�XVH�RI�6+$3�DQG�/LPH�IRU�D�
EHWWHU�XQGHUVWDQGLQJ�RI�SUHGLFWLRQV��7DODVDUL�DQG�.XVQDQWL�>�@�SHUIRUP�D�FRPSDULVRQ�RI�VHYHUDO�DOJRULWKPV�
ZKLFK�HPSOR\�85/�EDVHG�FKDUDFWHULVWLFV�DQG�;$,��DQG�WKH\�VKDUH�H[FHOOHQW�RXWFRPHV�ZLWK�;*%RRVW�RQ�D�
VHOHFWHG�IHDWXUH�VHW��7KHVH�VWXGLHV�VHHP�WR�DJUHH�RQ�WKH�IDFW�WKDW�WKH�SURSHUWLHV�RI�D�85/�DUH�D�JRRG�WRRO�IRU�
FODVVLILFDWLRQ�SXUSRVHV�ZKLOH�H[SODQDWLRQV�UHYHDO�WKH�UHDVRQV�EHKLQG�D�SUHGLFWLRQ� 7KHLU�SULPDU\�GUDZEDFN�
ZLWK�UHJDUG�WR�RXU�UHYLHZ�KHUH�LV�WKDW�WKH\�FRQFHQWUDWH�RQ�85OV�RU�ZHESDJHV�ZKLOH�OHDYLQJ�WKH�45�FRGH��D�
ZD\�WKURXJK�ZKLFK�XVHUV�PD\�KDYH�FRQWDFW�ZLWK�WKH�DGGUHVV��XQH[FOXGHG�

&��6XUYH\V�DQG�*HQHUDOLVDWLRQ�6WXGLHV

=LHQL�HW�DO��>�@�WDNH�VWRFN�RI�SKLVKLQJ�ZHEVLWH�GHWHFWLRQ�PHWKRGV�DQG�JURXS�WKH�ILHOG�LQWR�D�EURDG�FDWHJRULFDO�
VFKHPH��45�FRGH�DWWDFNV��KRZHYHU��DUH�QRW�D�PDLQ�WRSLF�RI�WKHLUV��0LD�HW�DO��>�@�H[DPLQH�KRZ�UHOLDEOH�WKH�
IHDWXUHV�WKDW�DUH�XVHG�IRU�WKH�SKLVKLQJ�85/�GHWHFWLRQ�UHPDLQ�DFURVV�GLIIHUHQW�GDWDVHWV��XVLQJ�;$,�WR�ORRN�
IRU�WKH�LPSDFW��7KH\�GLVFRYHU�WKH�JHQHUDOL]DWLRQ�LVVXH��DQ�DWWULEXWH�WKDW�LV�D�KHOSIXO�GLVFULPLQDWRU�LQ�RQH�
GDWDVHW�PD\�WXUQ�RXW�QRW�WR�EH�YHU\�LQIRUPDWLYH�LQ�DQRWKHU��$�UHVHDUFK�SXEOLVKHG�LQ������>��@�DV�ZHOO�ORRNV�
DW�FURVV�GDWDVHW�SHUIRUPDQFH�LQ�SDUDOOHO�ZLWK�LQWHUSUHWDELOLW\��2YHUDOO��DOO�WKHVH�FRQWULEXWLRQV�SRLQW�RXW�WKDW�
WKH�HYDOXDWLRQ�RI�D�FRPELQHG�GHWHFWRU�LQ�WKH�IXWXUH�VKRXOG�EH�GRQH�RQ�GDWD�RWKHU�WKDQ�WKDW�RQ�ZKLFK�WKH�
WUDLQLQJ�ZDV�SHUIRUPHG�DQG�DW�WKH�VDPH�WLPH�LWV�H[SODQDWLRQV�PXVW�EH�LQVSHFWHG�IRU�FRQVLVWHQF\�

7$%/(�,
&203$5,621�2)�5(9,(:('�678',(6

5HI� $XWKRU�V� <HDU 0HWKRG ;$, .H\�ILQGLQJ /LPLWDWLRQ

>�@ 7UDG� 	�
&KHKDE

���� 0DFKLQH� OHDUQLQJ�
PRGHOV� RQ� 45�
FRGH�DQDO\VLV

1R ;*%RRVW ZDV�WKH�DOJRULWKP�
\LHOGLQJ� WKH� KLJKHVW�
DFFXUDF\� IRU� GHWHFWLQJ�
PDOLFLRXV�45�FRGHV�

45� IHDWXUHV�
FRQVLGHUHG�
RQO\�� WKH�
HPEHGGHG�85/�
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5HI� $XWKRU�V� <HDU 0HWKRG ;$, .H\�ILQGLQJ /LPLWDWLRQ

ZDV� QRW�
DQDO\]HG�

>�@ $OVXODPL� HW�
DO�

���� $GYDQFHG� GHHS�
OHDUQLQJ

1R 'HHS� /HDUQLQJ� LV� DOVR�
FDSDEOH� RI� VSRWWLQJ�
PDOLFLRXV�45�FRGHV�

+LJKHU�
FRPSXWDWLRQDO�
FRPSOH[LW\�

>�@ 6DUNKL� 	�
0LVKUD

���� /LJKWZHLJKW� GHHS�
OHDUQLQJ

1R $� OLJKW� ZHLJKW� 'HHS�
/HDUQLQJ� PRGHO� IRU�
GHWHFWLQJ� 45� FRGH�EDVHG�
F\EHU�DWWDFNV�

7KLV� ZRUN�
PDLQO\�
LQYHVWLJDWHV�WKH�
45� OD\HU� DV�
LQWHUSUHWDELOLW\�
LV� QRW� WKH�PDLQ�
VXEMHFW�KHUH�

>�@ &DO]DURVVD� HW�
DO�

���� ([SODLQDEOH� $,��
EDJ�RI�ZRUGV�
PRGHO�

<HV 'HSOR\LQJ� H[SODLQDEOH�
PRGHOV� IRU� WKH� SXUSRVH� RI�
GHWHFWLQJ�SKLVKLQJ�

1R� 45�FRGH�
FKDUDFWHULVWLFV�
FRQVLGHUHG�

>�@ &DO]DURVVD� HW�
DO�

���� ([SODLQDEOH� 0/��
IHDWXUH�GHWHFWLRQ

<HV 7KH� GLVWLQJXLVKLQJ� IHDWXUHV�
EHWZHHQ�OHJLWLPDWH�ZHEVLWHV�
DQG�SKLVKLQJ�RQHV�KDYH�EHHQ�
LGHQWLILHG�

1R� 45�FRGH�
FKDUDFWHULVWLFV�
FRQVLGHUHG�

>�@ =LHQL�HW�DO� ���� 6XUYH\�RI�ZHEVLWH�
GHWHFWLRQ

² &ODVVLILFDWLRQ� RI� GLIIHUHQW�
W\SHV� RI� SKLVKLQJ�ZHEVLWH�
GHWHFWLRQ�PHWKRGV�

,QWHUQHW�
SKLVKLQJ� RQO\��
45� FRGHV� LQ�
ZHEVLWHV� DUH�
QRW� GLVFXVVHG�
KHUH�

>�@ 0LD�HW�DO� ���� $SSOLFDWLRQ� RI�
PDFKLQH� OHDUQLQJ�
FRPELQHG� ZLWK�
H[SODLQDEOH�$,� WR�
WKH�85/�IHDWXUHV�

<HV $QDO\VHG� WKH� LPSRUWDQFH�RI�
GLIIHUHQW� IHDWXUHV� WR� SUHGLFW�
UHVXOWV�DQG�DVVHVVHG�WKH�OHYHO�
RI� WUXVW� DFURVV� YDULRXV�
GDWDVHWV�

45�FRGH�
LQIRUPDWLRQ�QRW�
LQFOXGHG�

>�@ ,&&&17�
VWXG\

���� 0/� ZLWK� 6+$3�
DQG�/,0(

<HV 0DNLQJ� SUHGLFWLRQV� RI�
SKLVKLQJ� YLD� 85/V� LQ� DQ�
XQGHUVWDQGDEOH� ZD\��
5DQGRP�)RUHVW�LV�WKH�PRGHO�
ZLWK�WKH�KLJKHVW�DFFXUDF\�

3KLVKLQJ�85/V�
RQO\�

>�@ 7DODVDUL� 	�
.XVQDQWL

���� 0XOWL�DOJRULWKP�
0/�ZLWK�;$,

<HV ;*%RRVW� ZDV� DEOH� WR�
SURGXFH� D� KLJK� DFFXUDWH�
UHVXOW� WKDQNV� WR� WKH�VHOHFWHG�
LPSRUWDQW�85/�IHDWXUHV�

/LPLWHG� WR�
85/�EDVHG�
GHWHFWLRQ�
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5HI� $XWKRU�V� <HDU 0HWKRG ;$, .H\�ILQGLQJ /LPLWDWLRQ

>��@ &URVV�GDWDVHW�
VWXG\

���� 0/� ZLWK�
LQWHUSUHWDELOLW\

<HV $VVHVVPHQW� RYHU� PXOWL�
GDWDVHWV� DORQJ� ZLWK�
LQWHUSUHWDELOLW\

85/�EDVHG��
45� OD\HU�
DEVHQW�

9��&203$5$7,9(�$1$/<6,6

7DEOH�,�VXPPDUL]HV�WKH�WHQ�VHOHFWHG�ZRUNV�LQ�EURDG�WHUPV�ZKHUHDV�7DEOH�,,�LGHQWLILHV�ZKDW�WKUHH�WLHUV²45�
FRGH�LQYHVWLJDWLRQ��85/�VFUXWLQ\�DQG�H[SODLQDELOLW\²LV�HDFK�SDSHU�GHDOLQJ�ZLWK��7KH�IROORZLQJ�DUH�WKUHH�
KLJKOLJKWV�

7$%/(�,,
$1$/<6,6�/$<(56�&29(5('

6WXG\ 45�OD\HU 85/�OD\HU ;$,

>�@±>�@ ض ² ²

>�@��>�@ ² ض ض
>�@ ² ض ²

>�@±>��@ ² ض ض
3URSRVHG ض ض ض

2QH�WKLQJ�ZRUWK�QRWLQJ�KHUH�LV�WKDW�WKH�UHVHDUFK�LV�VWLOO�D�ZRUN�LQ�SURJUHVV�FRYHULQJ�TXLWH�GLYHUVH�DVSHFWV��
2Q�WKH�RQH�KDQG��45�EDVHG�UHVHDUFK�SDSHUV�>�@±>�@�IHDWXUH�WKH�XVH�RI�45�FRGH�RU�LPDJH�FKDUDFWHULVWLFV�EXW�
ODFN� WUDQVSDUHQF\� LQ� SUHGLFWLRQ��ZKLOH� RQ� WKH� RWKHU� KDQG� WKH� H[SODLQDEOH� WHFKQLTXHV� >�@�� >�@�� >�@²>��@�
SULPDULO\�VWXG\�85/V�RU�ZHESDJHV��1RQH�RI�WKH�ZRUNV�UHYLHZHG�FRPELQHV�WKH WKUHH�IDFWRUV��$QRWKHU�PDWWHU�
IRU�FRQVLGHUDWLRQ�LV�D�EDODQFH�EHWZHHQ�GHWHFWLRQ�DFFXUDF\��FRPSXWLQJ�ORDG�DQG�LQWHUSUHWDEOLW\��7UHH�EDVHG�
PHWKRGV�VXFK�DV�;*%RRVW�DUH�DEOH�WR�ZRUN�ZLWK�UHDG\�PDGH�IHDWXUHV�DQG�WKHLU�GHFLVLRQV�FDQ�EH�DQDO\]HG�
WKURXJK�6+$3�>�@� >�@��$V�D�PDWWHU�RI�IDFW��GHHS�OHDUQLQJ�DSSURDFKHV�KDYH�VRPH�DGYDQWDJHV��WKH\�DUH�DEOH�
WR�GLUHFWO\�WDNH�45�OHYHO�GDWD�DV�DQ�LQSXW�ZKLOH�SRVVLEO\�UHTXLULQJ�PRUH�FRPSXWDWLRQ��%XW�WKHUH�LV�VRPH�
ULVN�WKDW�WKH�PRGHOV�ZRXOG�EH�PRUH�FRPSOLFDWHG�DQG�WKXV�PRUH�GLIILFXOW�WR�EH�H[SODLQDEOH�>�@��>�@��7KH�ILQDO�
SRLQW�LV�WKH�GLIIHUHQFH�LQ�WKH�PHWKRGV�RI�HYDOXDWLRQ�XVHG��2QO\�WKH�SDSHUV�>�@�DQG�>��@�H[SOLFLWO\�WHVW�WKH�
GHWHFWRUV�SHUIRUPDQFH�DFURVV�WKH�GDWD�ZKLOH�LQ�SUDFWLFH��D�GHWHFWLRQ�PHWKRG�VKRXOG�HIIHFWLYHO\�UHFRJQL]H�
WKH�ODWHVW�SKLVKLQJ�DWWDFNV�WKDW�D�PRGHO�KDV�QHYHU�EHHQ�WUDLQHG�DW�
)URP�)LJXUH����ZKLFK�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�UHYLHZHG�DSSURDFKHV�DQG�GLIIHUHQW�GDWD��RQH�FDQ�
QRWLFH�WKH�PLVVLQJ�SX]]OH�SLHFH�LQ�WKH�VWXGLHV�SUHVHQWHG�VR�IDU��45�OHYHO�IHDWXUHV��85/�OHYHO�LQIRUPDWLRQ�
DQG�UHDVRQV�EHKLQG�WKH�SUHGLFWLRQ�KDYH�QRW�EHHQ�H[DPLQHG�MRLQWO\�
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)LJ�����7D[RQRP\�RI�WKH�UHYLHZHG�GHWHFWLRQ�DSSURDFKHV�DQG�WKH�JDS�EHWZHHQ�WKHP�

9,��5(6($5&+�*$36�$1'�&+$//(1*(6

,W�LV�ZRUWK�WR�QRWH��DV�VKRZQ�E\�RXU�DQDO\VLV��WKDW WKH�PDMRU�OLPLWDWLRQV�WKDW�ZLOO�KDYH�WR�EH�RYHUFRPH�WR�
EXLOG�D�V\VWHP�FRPELQLQJ�D�GHWHFWRU�DQG� WKH�H[SODQDWLRQ�RI� LWV�ZRUNLQJ� LQ�D�VLQJOH�SDFNDJH�ZLOO�EH� WKH�
IROORZLQJV�

� 2QO\�IHZ�PHWKRGV�DUH�DEOH�WR�FRPELQH�GLIIHUHQW�SLHFHV�RI�HYLGHQFH�WR�HQKDQFH�WKH�DFFXUDF\�RI�GHWHFWLRQ��
$V�D�PDWWHU�RI�IDFW��WKH�PDMRULW\�RI�WKH�ZRUNV�>�@±>��@�GHDO�ZLWK�MXVW�RQH�SDUW�RI�D�SLHFH�RI�HYLGHQFH��
WKH�ZKROH�45�FRGH�RU�WKH�85/�LWVHOI��OHDYLQJ�XVHUV�RXW�RI�WKH�ORRS�WR�VRPH�H[WHQW�

� 'HWHFWLRQ�FRXOG�EH�WRR�ODWH��,Q�VRPH�VLWXDWLRQV�WKH�XVHU�JHWV�WKH�85/�ILUVW�DQG�RQO\�WKHQ�JHWV�WR�VHH�WKH�
FRQWHQW�RI�WKH�OLQN�KH�FOLFNHG�WKURXJK��6R�HYHQ�LI�ZH�DUH�DEOH�WR�GHWHFW�WKH�PDOLFLRXV�SDJH�WKH�IDFW�LV�
WKDW�WKH�XVHU�ZRXOG�KDYH�DOUHDG\�DUULYHG�WKHUH�E\�WKHQ�

� 5HO\LQJ�RQ�NQRZQ�W\SHV�RI�WKUHDWV��,W�LV�D�IDFW�WKDW�D�IUHVKO\�FUHDWHG�IDNH�85/�SKLVKLQJ�VLWH�PD\�QRW�EH�
LQFOXGHG�LQ�WKH�EODFNOLVWHG�VRXUFHV��$�FRPELQDWLRQ�RI�45�IHDWXUHV�DQG�85/�SDWWHUQV�PD\�KHOS�UHYHDO�
VXVSLFLRXV�OLQNV�ZKLFK�KDYH�QR�SULRU�HQWU\�RQ�DQ\�EODFNOLVWV��DOWKRXJK�WKLV�DVVXPSWLRQ�LV�VWLOO�LQ�WHVWLQJ�
SKDVH�

� ,Q VRPH�FDVHV��WKH�RQO\�UHDVRQ�JLYHQ�LV�WKH�0/�RU�'/�PRGHO
V�SUHGLFWLRQ�RI�³PDOLFLRXV´�RU�³EHQLJQ´�
ZLWKRXW�DQ\�MXVWLILFDWLRQ��,Q�WKH�45�OHYHO�SDSHUV�H[DPLQHG�KHUH�>�@�WR�>�@��WKHUH�LV�VWLOO�DQ�DEVHQFH�RI�
DQ\�H[SODQDWLRQ�

� 6SXULRXV�ZDUQLQJ��(YHQ�LI�WKH�ZHEVLWH�LV�OHJLWLPDWH�LWV�IHDWXUH�FRPELQDWLRQ�FRXOG�DSSHDU�WR�GLIIHU�IURP�
WKH�UHJXODU�SDWWHUQ�DV�ZHOO��7KDW�LV�WKH�FDVH�IRU�H[DPSOH�ZKHQ�WKH�85/�LV�SDUWLFXODUO\�OHQJWK\�DQG�KDV�
D�ODUJH�QXPEHU�RI�SDUDPHWHUV��,I WKH�V\VWHP�NHHSV�RQ�JLYLQJ�ZDUQLQJ�DERXW�VXFK�OHJLWLPDWH�VLWHV��WKHQ�
WKH�XVHU�PD\�VWRS�EHOLHYLQJ�LQ�LWV�DELOLW\�WR�DFFXUDWHO\�LGHQWLI\�UHDO�WKUHDWV��7KHUHIRUH�WKH�V\VWHP�VKRXOG�
QRW�IODJ�XS�WRR�PDQ\�LQQRFHQW�SDJHV�ZKLFK�PD\�OHDG�WKH�XVHU�WR�GLVWUXVW�WKH�DOHUWV��7KH�V\VWHP�PXVW�
WKXV�GHWHFW�DV�ZHOO�DV�EDODQFH�IDOVH�DOHUWV�DQG�WKUHDW�GHWHFWLRQ�ULVN�

%HVLGHV�WKDW��D�QXPEHU�RI�LVVXHV�UHPDLQ�VXFK�DV�D�VPDOO�QXPEHU�RI�ODEHOOHG�45�FRGH�GDWDVHW��FKDQJH�RI�
DWWDFN� PHWKRGV�� DQG� HIIRUWV� WR� PDVN� PDOLJQDQW� EHKDYLRU� IURP� WKH� OHDUQHG� IHDWXUHV�� DV� ZHOO� DV� WKH�
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GHSHQGDELOLW\�RI�WKH�H[SODQDWLRQV�RYHU�WKH�GDWDVHWV�>�@��>��@��,W�ZLOO�DOVR�KHOS�WR�HYDOXDWH�LI�WKH�H[SODQDWLRQV�
FDQ�EH�RI�KHOS�WR�RUGLQDU\�XVHUV�DQG�LI�WKH\�FDQ�EH�XVHG�ZKHQ�WKH�XVHUV�GHFLGH�ZKHWKHU�WR�SURFHHG�RU�QRW�WR
WKH�ZHEVLWH�

9,,��352326('�08/7,/$<(5�(;3/$,1$%/(�)5$0(:25.

)LJXUH���LV�DQ�LPDJLQDWLYH�VNHWFK�RI�D�SRVVLEOH�ZD\�WR�FORVH�WKH�DIRUHPHQWLRQHG�JDSV��,W�UHSUHVHQWV�PRUH�RI�
DQ�LGHD�IRU�SRVVLEOH�WRRO�GHYHORSPHQW�WKDQ�DQ�DFWXDO�ILQDOL]HG�LPSOHPHQWDWLRQ��%HVLGHV� WKHUH�DUH�QHLWKHU�
UHIHUHQFHV�WR�H[SHULPHQWV��QRU�D�FODLP�WKDW�WKH�WRRO�KDV�EHHQ�UHDOL]HG��7KH�SURFHGXUH�LV�TXLWH�VLPSOH��D�XVHU�
MXVW�XVHV�WKH�DSS�RU�D�VHUYLFH�WR�VFDQ�WKH�45�FRGH�RU�XSORDG�D�SLFWXUH�RI�RQH��7KHQ�WKH�SURJUDP�GHFRGHV�LW��
LGHQWLILHV�45�OHYHO VWXII��VXFK�DV�YHUVLRQ��VL]H��IRUPDW�DQG�ZKDW�GDWD�LV�HQFRGHG��6XSSRVH�WKH�GDWD�LV�DQ�
85/��WKHQ�WKH�DGGUHVV�ZRXOG�EH�DQDO\]HG�XVLQJ�OH[LFDO��GRPDLQ��VWUXFWXUDO��UHSXWDWLRQ�:+2,6��,3�DGGUHVV�
DQG�UHGLUHFW�UHODWHG�IHDWXUHV�

[� �>�[B45�ϫ�[B85/�@ ���

)HDWXUHV RI�D�45�DQG�D�85/�DUH�WKHQ�PHUJHG�WR�IRUP�D�VLQJOH�IHDWXUH�YHFWRU��7KH�IHDWXUH�YHFWRU�LV�LQSXW�WR�
D� FODVVLILHU� VXFK� DV� D� WUHH�EDVHG�PRGHO� >��@� RU� D� OLJKWZHLJKW� GHHS�OHDUQLQJ�PRGHO��7KH� FODVVLILHU� WKHQ�
HVWLPDWHV�WKH�SUREDELOLW\�WKDW�WKH�LWHP�LV�PDOLFLRXV�DQG�D�SUREDELOLW\�LV�FRQYHUWHG�LQWR�D�ULVN�VFRUH�

5� �����î�3��\� �PDOLFLRXV�_�[�� ���

5LVN�VFRUH�LV�LQ�WKH�UDQJH�RI���± �����:LWK�VRPH�WKUHVKROGV�VHW�ZH�FDQ�GLYLGH�DOO�WKH�UHVXOWV�LQWR���W\SHV��
6DIH��6XVSLFLRXV��DQG�0DOLFLRXV��6+$3�>��@�RU�/,0(�>��@�ZLOO�WKHQ�VKRZ�ZKLFK�IHDWXUHV�KDYH�LQIOXHQFHG�
WKH�SUHGLFWLRQ� DQG� WKH�XVHU�ZLOO� OHDUQ�ERWK� WKH�GHFLVLRQ�PDGH�DQG� WKH� UDWLRQDOH� H[SODLQLQJ� LW��6LQFH� WKH�
GHFRGHG�85/�FDQ� EH� EURZVHG�� VRPH� UHSXWDWLRQ� DQG� UHGLUHFW� FKHFNV�PLJKW� EH� IHDVLEOH�ZLWKRXW� DFWXDOO\�
YLVLWLQJ�WKH�GHVWLQDWLRQ
V�ZHE�SDJH��VR�WKH�SRVVLELOLW\�RI�D�XVHU�EHLQJ�ZDUQHG�LV�FUHDWHG�EHIRUH�WKH�VLWH�RSHQV��
(YHQ�VR��HVWDEOLVKLQJ�WKH�RSWLPDO�WKUHVKROGV�� WKH�IDOVH�SRVLWLYH�UDWH��DQG�WKH�GHWHFWRU�VHQVLWLYLW\� WRZDUGV�
QRYHO�FDPSDLJQV�UHPDLQ�WR�EH�UHVROYHG�RQO\�E\�WKH�H[SHULPHQWVࠋ
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)LJ�����&RQFHSWXDO�PXOWLOD\HU�45�DQG�85/�DQDO\VLV�IUDPHZRUN�ZLWK�H[SODLQDEOH�RXWSXW�

9,,,��&21&/86,21�$1'�)8785(�6&23(

$IWHU JRLQJ�RYHU�WKH�SDSHU�WKH�DXWKRU�GHFLGHG�WR� LQFOXGH�WHQ�VWDWH�RI�WKH DUW�UHVHDUFK�ZRUNV�WDFNOLQJ�WKH�
SUREOHP�RI�GHWHFWLQJ�PDOLFLRXV�45�FRGH�DQG�SKLVKLQJ�85/V��7KH�45�FRGH�IRFXVHG�UHVHDUFK�>�@±>�@�SRLQWV�
RXW�WKDW�GDWD�GUDZQ�IURP�WKH�FRGH�FDQ�LQGHHG�EH�RI�JUHDW�KHOS�LQ�WKH�GHWHFWLRQ�SURFHVV��:RUNV�UHODWHG�WR�
H[SODLQDEOH� 85/V >�@�� >�@�� >�@±>��@� GHVFULEH�� LQ� GHWDLOV�� WKH� ZD\V� LQ� ZKLFK� XVLQJ� 85/� IHDWXUHV� DQG�
H[SODLQDELOLW\�PHWKRGV� OLNH� 6+$3� DQG� /,0(� FRXOG� EH� XVHG� WR�PDNH� FODVVLILHU� GHFLVLRQV� LQWHUSUHWDEOH��
+RZHYHU��WKH�SURSRVHG�GHWHFWLRQ�PHWKRGRORJLHV�VHHP�WR�EH�UDWKHU�IUDJPHQWHG�DSSURDFKHV��+HQFH��WKH�PDLQ�
FRQWULEXWLRQ� RI� WKLV� SDSHU� ZDV� D� VXJJHVWHG� VROXWLRQ� WKDW� FRPELQHV� ERWK� 45� DQG� 85/� IHDWXUHV� ZLWK�
H[SODLQLQJ�WKH�ULVN�DVVHVVPHQW�SURFHVV�WKDW�KDV�D�UHVXOW�RI�WKHLU�FRPELQDWLRQ��$V�WKH�SURSRVHG�IUDPHZRUN�
KDV�QRW�EHHQ�LPSOHPHQWHG� LWV�SHUIRUPDQFH�LV�EHVW�UHJDUGHG�DV�DQ�RSHQ�UHVHDUFK�SUREOHP�UDWKHU�WKDQ�DV�D�
FRQILUPHG�RXWFRPH�

$� WDQJLEOH� DFWLRQ� IRUZDUG�ZRXOG� EH� WR� GHYHORS� RU� DFTXLUH� ODEHOHG� VDPSOHV�ZKHUH� HDFK�45�FRGH� KDV� D�
FRQQHFWHG� 85/� LQ� GHFRGHG� IRUP� DQG� D� WUXVWZRUWK\� FODVVLILFDWLRQ� IRU� WKH� WKUHDW�� 7KHQ�� WKH� VXJJHVWHG�
IUDPHZRUN�FDQ�EH�WULHG�RXW�E\�WKH�UHVHDUFKHUV�DQG�DVVHVVHG�E\�FRPSDULQJ�LWV�SHUIRUPDQFH�ZLWK�WKDW�RI�45�
RQO\� DQG�85/�RQO\� UHIHUHQFH�PRGHOV�� ([SHULPHQWDO� VHWXS� VKRXOG� LQYROYH� QHZ� GDWDVHWV� DQG� UHDO�ZRUOG�
SKLVKLQJ�VFDPV�WKDW�KDYHQ¶W�EHHQ�GLVFORVHG�SXEOLFO\��%HVLGHV�DFFXUDF\�PHWULFV��LW�LV�YLWDO�WR�KLJKOLJKW�IDOVH�
SRVLWLYH�UHVXOWV��$OVR��RQH�VKRXOG�FKHFN�LI�WKH�UHDVRQLQJ�SURYLGHG�E\�WKH�PRGHO�VWLOO�KROGV�HYHQ�LI�WKH�XVHU
V�
EDFNJURXQG�FKDQJHV�DQG�LI� LW�FDQ�KHOS�WKH�XVHU��$�WKRURXJK�WHVW�RI�V\VWHP�UREXVWQHVV�E\�JHQHUDWLQJ�45�
FRGHV�DQG�85/V�DOWHUHG�IRU�HYDVLRQ�VKRXOG�DOVR�EH�GRQH��7KH�VXEVHTXHQW�UHVHDUFK�HIIRUW�VKRXOG�DOVR�ORRN�
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IRU�D�FRPSDFW�IRUPDW�IRU�WKH�SLSHOLQH�VR�WKDW�LW�FRXOG�EH�UXQ�HIIHFWLYHO\�RQ�VPDUWSKRQHV��ZKLOH�NHHSLQJ�XVHU�
SULYDF\�LQWDFW�ZLWK�WKH�GDWD�FROOHFWLRQ�PLQLPL]DWLRQ�

5()(5(1&(6
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