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0HGLFDO� GHFLVLRQ� PDNLQJ� LV� RQH� RI� WKH� PRVW� GHPDQGLQJ� WDVNV� LQ� PRGHUQ

PHGLFLQH��%DVHG�RQ�D�KXJH�DPRXQW�RI�VROYHG�FDVHV�DQG�UDSLGO\�JURZLQJ�QXPEHU�RI
QHZ� ILQGLQJV�� PHGLFDO� GHFLVLRQ� PDNLQJ� LV� VXSSRVHG� WR� EHFRPH� PRUH� DQG� PRUH
UHOLDEOH�DQG�HIIHFWLYH��+RZHYHU�� SK\VLFLDQV� DQG�PHGLFDO� H[SHUWV� DUH� IDFLQJ� D� QHZ
DULVLQJ� SUREOHP� ±� LQIRUPDWLRQ� RYHUORDG�� ZKLFK� WKH\� DUH� QRW� DEOH� WR� RYHUFRPH�� $
VROXWLRQ� PLJKW� EH� IRXQG� LQ� GHFLVLRQ� VXSSRUW� V\VWHPV� ZLWK� LQWHOOLJHQW� LQIRUPDWLRQ
SURFHVVLQJ� DELOLWLHV� WKDW� KHOS� WR� SURFHVV� D� KXJH� DPRXQW� RI� GDWD� DQG� VXJJHVW� D
SRVVLEOH�GHFLVLRQ�IRU�HDFK�QHZ�FDVH��5HJDUGLQJ�WKH�VLPSOLFLW\�RI�GHFLVLRQ�WUHHV�DQG
HIIHFWLYHQHVV� RI� HYROXWLRQDU\� SURJUDPPLQJ� WHFKQLTXHV� ZH� GHYHORSHG� D� GHFLVLRQ
VXSSRUW� V\VWHP� EDVHG� RQ� DXWRPDWLF� SURJUDPPLQJ� DQG� XVHG� LW� WR� VROYH� WKH� PLWUDO
YDOYH�SURODSVH�FODVVLILFDWLRQ�SUREOHP�

���,QWURGXFWLRQ

'HFLVLRQ�VXSSRUW�V\VWHPV�WKDW�KHOS�SK\VLFLDQV�DUH�EHFRPLQJ�YHU\�LPSRUWDQW�SDUW�RI�PHGLFDO
GHFLVLRQ� PDNLQJ�� HVSHFLDOO\� LQ� PHGLFDO� GLDJQRVWLF� SURFHVVHV� DQG� SDUWLFXODUO\� LQ� WKRVH� ZKHUH
GHFLVLRQ�PXVW�EH�PDGH�HIIHFWLYHO\�DQG�UHOLDEO\�>���@��7KH\�DUH�EDVHG�RQ�GLIIHUHQW�PRGHOV�DQG�WKH
EHVW�RI�WKHP�DUH�SURYLGLQJ�DQ�H[SODQDWLRQ�WRJHWKHU�ZLWK�DQ�DFFXUDWH��UHOLDEOH�DQG�TXLFN�UHVSRQVH�
6LQFH� FRQFHSWXDO� VLPSOH� GHFLVLRQ� PDNLQJ� PRGHOV� ZLWK� WKH� SRVVLELOLW\� RI� DXWRPDWLF� OHDUQLQJ
VKRXOG�EH�FRQVLGHUHG�IRU�SHUIRUPLQJ�VXFK�WDVNV�>�@��DFFRUGLQJ�WR�UHFHQW�UHYLHZV�>�����@�GHFLVLRQ
WUHHV�DUH�D�YHU\�VXLWDEOH�FDQGLGDWH��'HFLVLRQ�WUHHV�KDYH�EHHQ�DOUHDG\�VXFFHVVIXOO\�XVHG�IRU�PDQ\
PHGLFDO�GHFLVLRQ�PDNLQJ�SXUSRVHV��$OWKRXJK�HIIHFWLYH�DQG�UHOLDEOH�� WKH�WUDGLWLRQDO�GHFLVLRQ�WUHH
FRQVWUXFWLRQ� DSSURDFK� VWLOO� FRQWDLQV� VHYHUDO� GHILFLHQFLHV�� 7KHUHIRUH� ZH� GHFLGHG� WR� GHYHORS� D
GHFLVLRQ�VXSSRUW�PRGHO��WKDW�XVHV�JHQHWLF�SURJUDPPLQJ�WHFKQLTXHV�WR�RYHUFRPH�WKH�GHILFLHQFLHV
RI� WKH� WUDGLWLRQDO� GHFLVLRQ� WUHHV� LQGXFWLRQ�PHWKRG�� 8VLQJ� RXU� JHQHWLF� SURJUDPPLQJ� NHUQHO� ZH
FRQVWUXFWHG� D� WRRO� WKDW� KHOSV� WR� SUHGLFW� D� FRUUHFW� GLDJQRVLV� RI� D� QHZ� SDWLHQW�� EDVHG� RQ� WKH
NQRZOHGJH�LW�UHWULHYHV�IURP�D�VHW�RI�DOUHDG\�VROYHG�FDVHV��6HYHUDO�VROXWLRQV�ZHUH�HYROYHG�IRU�WKH
FODVVLILFDWLRQ�RI�PLWUDO�YDOYH�SURODSVH�V\QGURPH�>���@�DQG�D�FRPSDULVRQ�KDV�EHHQ�PDGH�ZLWK�WKH
WUDGLWLRQDO�LQGXFWLRQ�RI�GHFLVLRQ�WUHHV�
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'LDJQRVWLF� GHFLVLRQV� GXULQJ� WKH� GLDJQRVWLF� SURFHVV� LQ� PLWUDO� YDOYH� SURODSVH� �093�� PXVW� EH
VXSSRUWHG� E\� VXLWDEOH� GHFLVLRQ� VXSSRUW� PRGHO�� ,Q� WKH� PDMRULW\� RI� FKLOGUHQ� ZLWK� 093�� WKH
GLDJQRVLV�VKRXOG�EH�PDGH�EHIRUH�WKH�FRPSOHWH�GLDJQRVLV�SURFHGXUH�KDV�EHHQ�DFFRPSOLVKHG��2XU
DLP�LV�WR�VXSSRUW�WKH�UDWLRQDOL]DWLRQ�E\�UHGXFLQJ�WKH�QXPEHU�RI�QHFHVVDU\�GLDJQRVWLF�VWHSV�WR�ILQG
D� ILQDO� GLDJQRVLV�� 7KLV� LV� GRQH� E\� GHULYLQJ� D� JHQHWLF� SURJUDP� WKDW� VROYHV� WKH� JLYHQ� GLDJQRVLV
SUHGLFWLRQ� SUREOHP� LQ� DFFRUGDQFH� ZLWK� WKH� PD[LPL]DWLRQ� RI� WKH� LQIRUPDWLRQ� JDLQ� IURP� HDFK
GLDJQRVWLF� VWHS� DQG� WKH� PLQLPL]DWLRQ� RI� LWV� FRPSOH[LW\�� 7KHUHIRUH�� RXU� ILQDO� JRDO� ZKLOH
GHYHORSLQJ� WKH� PHWKRG� ZDV� WR� DFKLHYH�� PD[LPDO� LQIRUPDWLRQ� �SRVVLEOH� SUREDELOLW\� RI� FRUUHFW
GLDJQRVLV�������ZLWK�PLQLPDO�ULVN�IRU�SDWLHQW�DQG�GRFWRU��WKH�PLQLPDO�QHHGHG�QXPEHU�RI�VWHSV�
DQG�FRVW�EHQHILW�

���0LWUDO�YDOYH�SURODSVH

3URODSVH�LV�GHILQHG�DV�WKH�GLVSODFHPHQW�RI�D�ERGLO\�SDUW�IURP�LWV�QRUPDO�SRVLWLRQ��7KH�WHUP
PLWUDO�YDOYH�SURODSVH��093��>���@��WKHUHIRUH��LPSOLHV�WKDW�WKH�PLWUDO�OHDIOHWV�DUH�GLVSODFHG�UHODWLYH
WR�VRPH�VWUXFWXUH��JHQHUDOO\� WDNHQ� WR�EH� WKH�PLWUDO� DQQXOXV��7KH� VLOHQW�SURODSVH� LV� WKH�SURODSVH
ZKLFK�FDQ�QRW�EH�KHDUG�ZLWK�WKH�DXVFXOWDWLRQ�GLDJQRVLV�DQG� LV�HVSHFLDOO\�KDUG� WR�GLDJQRVH��7KH
LPSOLFDWLRQV�RI�WKH�093�DUH�WKH�IROORZLQJ��GLVWXUEHG�QRUPDO�ODPLQDU�EORRG�IORZ��WXUEXOHQFH�RI
WKH�EORRG�IORZ��LQMXU\�RI�WKH�FKRUGDH�WHQGLQDH��WKH�SRVVLELOLW\�RI�WKURPEXV¶�FRPSRVLWLRQ��EDFWHULDO
HQGRFDUGLWLV� DQG� ILQDOO\� KHPRG\QDPLF� FKDQJHV� GHILQHG� DV� PLWUDO� LQVXIILFLHQF\� DQG� PLWUDO
UHJXUJLWDWLRQ�

0LWUDO�YDOYH�SURODSVH�LV�RQH�RI�WKH�PRVW�SUHYDOHQW�FDUGLDF�FRQGLWLRQV��ZKLFK�PD\�DIIHFW�XS�WR
ILYH�WR�WHQ�SHUFHQW�RI�QRUPDO�SRSXODWLRQ�DQG�RQH�RI�WKH�PRVW�FRQWURYHUVLDO�RQH��7KH�FRPPRQHVW
FDXVH� LV�SUREDEO\�P\[RPDWRXV� FKDQJH� LQ� WKH� FRQQHFWLYH� WLVVXH�RI� WKH�YDOYDU� OLIOHWV� WKDW�PDNHV
WKHP� H[FHVVLYHO\� SOLDEOH� DQG� DOORZV� WKHP� WR� SURODSVH� LQWR� WKH� OHIW� DWULXP� GXULQJ� YHQWULFXODU
V\VWROH��7KH�FOLQLFDO�PDQLIHVWDWLRQV�RI�WKH�6\QGURPH�DUH�PXOWLSOH��7KH�JUHDW�PDMRULW\�RI�SDWLHQWV
DUH� DV\PSWRPDWLF��2WKHU�SDWLHQWV�� KRZHYHU�PD\�SUHVHQW� DW\SLFDO� FKHVW�SDLQ� RU� VXSUDYHQWULFXODU
WDFK\DUUK\WKP\DV�� 5DUHO\�� SDWLHQWV� GHYHORS� VLJQLILFDQW� PLWUDO� UHJXUJLWDWLRQ� DQG�� DV� ZLWK� DQ\
YDOYDU�OHVLRQV��EDFWHULDO�DQGRFDUGLWLV�LV�D�ULVN�

8QFHUWDLQW\� SHUVLVWV� DERXW� KRZ� LW� VKRXOG� EH� GLDJQRVHG� DQG� DERXW� LWV� FOLQLFDO� LPSRUWDQFH�
+LVWRULFDOO\��093�ZDV�ILUVW�UHFRJQL]HG�E\�DXVFXOWDWLRQ�RI�PLG�V\VWROLF�³FOLFN´�DQG�ODWH�V\VWROLF
PXUPXU�� DQG� LWV� SUHVHQFH� LV� VWLOO� XVXDOO\� VXJJHVWHG� E\� DXVFXOWDWRU\� ILQGLQJV�� +RZHYHU�� WKH
UHFRJQLWLRQ�RI�WKH�YDULDELOLW\�RI�WKH�DXVFXOWDWRU\�ILQGLQJV�DQG�RI�WKH�KLJK�OHYHO�RI�VNLOO�QHHGHG�WR
SHUIRUP�VXFK�DQ�H[DPLQDWLRQ�KDV�SURPSWHG�D�VHDUFK�IRU�UHOLDEOH�ODERUDWRU\�PHWKRGV�RI�GLDJQRVLV�
0�PRG� HFKRFDUGLRJUDSK\� DQG� �'� HFKRFDUGLRJUDSK\� KDYH� SOD\HG� DQ� LPSRUWDQW� SDUW� LQ� WKH
GLDJQRVLV�RI�PLWUDO�YDOYH�SURODSVH�EHFDXVH�RI�WKH�FRPSUHKHQVLYH�LQIRUPDWLRQ�WKH\�SURYLGH�DERXW
WKH�VWUXFWXUH�DQG�IXQFWLRQ�RI�WKH�PLWUDO�YDOYH�

0HGLFDO�H[SHUWV�SURSRVH�>���@�WKDW�HFKRFDUGLRJUDSK\�HQDEOHV�SURSHUO\�WUDLQHG�H[SHUWV�DUPHG
ZLWK� SURSHU� FULWHULD� WR� HYDOXDWH� PLWUDO� YDOYH� SURODSVH� �093�� DOPRVW� ������ 8QIRUWXQDWHO\
KRZHYHU�� WKHUH� DUH� VRPH� SUREOHPV� FRQFHUQHG� ZLWK� WKH� XVH� RI� HFKRFDUGLRJUDSK\�� 7KH� ILUVW
SUREOHP�LV�WKDW�FXUUHQW�093�HYDOXDWLRQ�FULWHULD�DUH�QRW�VWULFW�HQRXJK�>SULYDWH�FRPPXQLFDWLRQ�DQG
�@�� 7KH� VHFRQG� SUREOHP� LV� WKH� LQFLGHQFH� RI� WKH� 093� LQ� WKH� JHQHUDO� SRSXODWLRQ� DQG� WKH
XQDYDLODELOLW\�RI�WKH�H[SHQVLYH�(&+2���PDFKLQHV�WR�JHQHUDO�SUDFWLWLRQHUV�

���'HFLVLRQ�WUHHV

,QGXFWLYH� LQIHUHQFH� LV� WKH� SURFHVV� RI� PRYLQJ� IURP� FRQFUHWH� H[DPSOHV� WR� JHQHUDO� PRGHOV�
ZKHUH�WKH�JRDO�LV�WR�OHDUQ�KRZ�WR�FODVVLI\�REMHFWV�E\�DQDO\]LQJ�D�VHW�RI�LQVWDQFHV��DOUHDG\�VROYHG
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FDVHV��ZKRVH� FODVVHV� DUH� NQRZQ�� ,QVWDQFHV� DUH� W\SLFDOO\� UHSUHVHQWHG� DV� DWWULEXWH�YDOXH� YHFWRUV�
/HDUQLQJ�LQSXW�FRQVLVWV�RI�D�VHW�RI�VXFK�YHFWRUV��HDFK�EHORQJLQJ�WR�D�NQRZQ�FODVV��DQG�WKH�RXWSXW
FRQVLVWV�RI�D�PDSSLQJ�IURP�DWWULEXWH�YDOXHV�WR�FODVVHV��7KLV�PDSSLQJ�VKRXOG�DFFXUDWHO\�FODVVLI\
ERWK�WKH�JLYHQ�LQVWDQFHV�DQG�RWKHU�XQVHHQ�LQVWDQFHV�

$� GHFLVLRQ� WUHH� >�@� LV� D� IRUPDOLVP� IRU� H[SUHVVLQJ� VXFK�PDSSLQJV� DQG� FRQVLVWV� RI� WHVWV� RU
DWWULEXWH�QRGHV� OLQNHG� WR� WZR�RU�PRUH�VXEWUHHV�DQG� OHDIV�RU�GHFLVLRQ�QRGHV� ODEHOHG�ZLWK�D�FODVV
ZKLFK�PHDQV�WKH�GHFLVLRQ��$�WHVW�QRGH�FRPSXWHV�VRPH�RXWFRPH�EDVHG�RQ�WKH�DWWULEXWH�YDOXHV�RI
DQ�LQVWDQFH��ZKHUH�HDFK�SRVVLEOH�RXWFRPH�LV�DVVRFLDWHG�ZLWK�RQH�RI�WKH�VXEWUHHV��$Q�LQVWDQFH�LV
FODVVLILHG� E\� VWDUWLQJ� DW� WKH� URRW� QRGH� RI� WKH� WUHH�� ,I� WKLV� QRGH� LV� D� WHVW�� WKH� RXWFRPH� IRU� WKH
LQVWDQFH� LV�GHWHUPLQHG�DQG� WKH�SURFHVV�FRQWLQXHV�XVLQJ� WKH�DSSURSULDWH� VXEWUHH��:KHQ�D� OHDI� LV
HYHQWXDOO\�HQFRXQWHUHG��LWV�ODEHO�JLYHV�WKH�SUHGLFWHG�FODVV�RI�WKH�LQVWDQFH�

���*HQHWLF�SURJUDPPLQJ

*HQHWLF� SURJUDPPLQJ� LV� RQH� RI� WKH�PRVW� LQWHUHVWLQJ� DSSURDFK� LQ� WKH� ILHOG� RI� HYROXWLRQDU\
FRPSXWDWLRQ��WKDW�ZDV�GHYHORSHG�UHODWLYHO\�UHFHQWO\�E\�.R]D�>�@��,Q�FRPSDULVRQ�ZLWK�PRUH�XVXDO
JHQHWLF� DOJRULWKPV� .R]D� VXJJHVWV� WKDW� WKH� GHVLUHG� SURJUDP� VKRXOG� HYROYH� LWVHOI� GXULQJ� WKH
HYROXWLRQ� SURFHVV�� ,Q� RWKHU� ZRUGV�� LQVWHDG� RI� VROYLQJ� D� SUREOHP�� DQG� LQVWHDG� RI� EXLOGLQJ� DQ
HYROXWLRQ�SURJUDP�WR�VROYH�WKH�SUREOHP��ZH�VKRXOG�UDWKHU�VHDUFK�WKH�VSDFH�RI�SRVVLEOH�FRPSXWHU
SURJUDPV� IRU� WKH� EHVW� RQH� �WKH�PRVW� ILW��� .R]D� GHYHORSHG� D� QHZ�PHWKRGRORJ\�� QDPHG� JHQHWLF
SURJUDPPLQJ�� ZKLFK� SURYLGHV� D� ZD\� WR� UXQ� D� VHDUFK�� $� SRSXODWLRQ� RI� H[HFXWDEOH� FRPSXWHU
SURJUDPV� LV� FUHDWHG�� LQGLYLGXDO� SURJUDPV� FRPSHWH� DJDLQVW� HDFK� RWKHU��ZHDN� SURJUDPV� GLH�� DQG
VWURQJ�RQHV�UHSURGXFH��FURVVRYHU��PXWDWLRQ��

7KHUH�DUH�ILYH�PDMRU�VWHSV�LQ�XVLQJ�JHQHWLF�SURJUDPPLQJ�IRU�D�SDUWLFXODU�SUREOHP��7KHVH�DUH
���VHOHFWLRQ�RI�WHUPLQDOV�����VHOHFWLRQ�RI�D�IXQFWLRQ�����LGHQWLILFDWLRQ�RI�WKH�HYDOXDWLRQ�IXQFWLRQ����
VHOHFWLRQ� RI� SDUDPHWHUV� RI� WKH� V\VWHP�� DQG� ��� VHOHFWLRQ� RI� WKH� WHUPLQDWLRQ� FRQGLWLRQ�� ,W� LV
LPSRUWDQW� WR� QRWH� WKDW� WKH� VWUXFWXUH� ZKLFK� XQGHUJRHV� HYROXWLRQ� LV� D� KLHUDUFKLFDOO\� VWUXFWXUHG
FRPSXWHU�SURJUDP��7KH�VHDUFK�VSDFH�LV�D�K\SHUVSDFH�RI�YDOLG�SURJUDPV��ZKLFK�FDQ�EH�YLHZHG�DV�D
VSDFH� RI� URRWHG� WUHHV�� (DFK� WUHH� LV� FRPSRVHG� RI� IXQFWLRQV� DQG� WHUPLQDOV� DSSURSULDWH� WR� WKH
SDUWLFXODU�SUREOHP�GRPDLQ��WKH�VHW�RI�DOO�IXQFWLRQV�DQG�WHUPLQDOV�DUH�VHOHFWHG�D�SULRUL� LQ�VXFK�D
ZD\� WKDW� VRPH� RI� WKH� FRPSRVHG� WUHHV� \LHOG� D� VROXWLRQ�� 7KH� LQLWLDO� SRSXODWLRQ� RI� SURJUDPV� LV
FRPSRVHG� RI� UDQGRPO\� FRQVWUXFWHG� SURJUDP� WUHHV�� ZKLFK� WKHQ� XQGHUJR� WKH� HYROXWLRQ� SURFHVV�
HYDOXDWLRQ�� VHOHFWLRQ�� UHSURGXFWLRQ�� FURVVRYHU�� DQG� PXWDWLRQ� XQWLO� WKH� WHUPLQDWLRQ� FRQGLWLRQ� LV
IXOILOOHG�

���$XWRPDWLF�SURJUDPPLQJ�IRU�WKH�GHFLVLRQ�PDNLQJ

,Q�GHILQLQJ�D�GLDJQRVWLF�SURFHGXUH�ZH�KDYH�WR�FRQVLGHU�D�ORW�RI�H[DPLQDWLRQV������LQ�WKH�FDVH
RI�093���HDFK�RI�WKHP�UHYHDOLQJ�QHZ�LQIRUPDWLRQ�DERXW�WKH�SDWLHQW
V�FRQGLWLRQ�DQG�WKUHDWHQLQJ
ZLWK� SRVVLEOH� ULVNV� IRU� SDWLHQWV� DQG� GRFWRU�� QRW� WR� IRUJHW� HFRQRPLF� DVSHFWV��:KHQ� FRQVLGHULQJ
DOVR� D� SDWLHQW
V� VSHFLILF� PHGLFDO� KLVWRU\� LW� EHFRPHV� REYLRXV� WKDW� ZH� DUH� GHDOLQJ� ZLWK� D� KXJH�
PXOWL�SDUDPHWHUL]HG��G\QDPLF��QRLV\�VHDUFK�VSDFH��,Q�RUGHU�WR�VROYH�WKLV�SUREOHP�ZH�GHFLGHG�WR
XVH�D�GHFLVLRQ�VXSSRUW�V\VWHP�DSSURDFK�WKDW�LV�YHU\�VLPLODU�WR�GHFLVLRQ� WUHHV��EXW�XVHV�GLIIHUHQW
WHFKQLTXHV�IRU�WKH�LQGXFWLRQ�RI�VROXWLRQ�-�D�GLDJQRVWLF�SURFHGXUH�LQ�RXU�FDVH��7KH�PRVW�REYLRXV
GLIIHUHQFH� RI� WKH� WZR� LV� WKH� ZD\� LQ� ZKLFK� WKH\� SDUWLWLRQ� WKH� GHVFULSWLRQ� VSDFH�� XVHG� IRU� WKH
FODVVLILFDWLRQ� RI� QHZ� SDWLHQWV�� )LJ�� �� SUHVHQWV� DQ� H[DPSOH� RI� VXFK� SDUWLWLRQLQJ� IRU� RQO\� WZR
FRQWLQXRXV�QXPHULFDO�DWWULEXWHV��IRU�WKH�FODVVLILFDWLRQ�RI�093�ZH�XVHG�����DWWULEXWHV��
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)LJXUH����3DUWLWLRQLQJ�RI�WKH�GHVFULSWLRQ�VSDFH���L��D[LV�SDUDOOHO�LQ�GHFLVLRQ�WUHHV��DQG��LL��REOLTXH�GHFLVLRQ
ERXQGDULHV�LQ�RXU�DSSURDFK��&RORUV�FRUUHVSRQG�WR�GLIIHUHQW�GHFLVLRQV�

)RU�WKH�FRQVWUXFWLRQ�RI�D�GHFLVLRQ�SURJUDP�WKDW�ZRXOG�EH�DEOH�WR�FODVVLI\�WKH�093�IRU�HDFK
SDWLHQW� ZH� GHYHORSHG� DQ� DXWRPDWLF� SURJUDPPLQJ� V\VWHP� WKDW� LV� DEOH� WR� GHYHORS� SURJUDPV� LQ
DUELWUDU\�SURJUDPPLQJ�ODQJXDJH��EDVHG�RQ�FRQWH[W�IUHH�JUDPPDU��)RU�WKLV�SXUSRVH�ZH�GHILQHG�D
VLPSOH� SURJUDPPLQJ� ODQJXDJH� LQ� ZKLFK� ZH� ZRXOG� OLNH� WR� SUHVHQW� D� VROXWLRQ� WR� 093
FODVVLILFDWLRQ�SUREOHP�

���'HFLVLRQ�WUHHV�YV��GHFLVLRQ�SURJUDPV

7R�FODULI\�WKH�GLIIHUHQFH�EHWZHHQ�WUDGLWLRQDO�GHFLVLRQ�WUHHV�DQG�HYROYHG�GHFLVLRQ�SURJUDPV�
ZH�KDYH�WR�VWUHVV�WZR�PDMRU�GLIIHUHQFHV��WKH�LQGXFWLRQ�PHWKRG�DQG�WKH�UHSUHVHQWDWLRQ��,Q�WKH�FDVH
RI� GHFLVLRQ� WUHHV�� WKH� LQGXFWLRQ� XVHV� WKH� KHXULVWLF� IXQFWLRQ� WKDW� VHOHFWV� DWWULEXWHV� EDVHG� RQ� WKH
LQIRUPDWLRQ�JDLQ�IURP�HDFK�RI�WKH�H[LVWLQJ�DWWULEXWHV��7KH�UHVXOW�RI�WKLV�SURFHVV�LV�D�GHFLVLRQ�WUHH
�)LJ������,Q�WKH�FDVH�RI�DXWRPDWLF�SURJUDPPLQJ�WKH�ILQDO�GHFLVLRQ�SURJUDP�LV�REWDLQHG�WKURXJK�WKH
HYROXWLRQDU\�SURFHVV�DV�WKH�PRVW�ILW�LQGLYLGXDO�IRU�VROYLQJ�WKH�JLYHQ�SUREOHP��093�FODVVLILFDWLRQ
LQ�RXU�FDVH���7KH�UHVXOW�RI�WKLV�HYROXWLRQDU\�SURFHVV�LV�D�GHFLVLRQ�SURJUDP��)LJ�����

,QWHU�6\VWROLF�1RLVH

0&, 3UH�&RUGLDO�3DLQ

+HDUW
0DOIRUPDWLRQV

6\VWROLF�%ORRG
3UHVVXUH

SURODSVH QR�SURODSVH

SURODSVH

)LJXUH����$�SDUW�RI�D�GHFLVLRQ�WUHH�IRU�WKH�093�FODVVLILFDWLRQ�
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LI��,QWHU6\VWROLF1RLVH WUXH��WKHQ

��LI��0&, WUXH��WKHQ

����LI��,QMXU\0RWKHU WUXH��WKHQ�UHWXUQ��VLOHQW�SURODSVH�

����HOVH�UHWXUQ��QR�SURODSVH�

����HQGLI

��HOVH

����LI��6\VWROLF%ORRG3UHVVXUH� �����WKHQ

������LI��$XVFXOWDWLRQ&OLFN WUXH��WKHQ�UHWXUQ��VLOHQW�SURODSVH�
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������HOVH�UHWXUQ��VLOHQW�SURODSVH�
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)LJXUH����$�SDUW�RI�D�GHFLVLRQ�SURJUDP�IRU�WKH�093�FODVVLILFDWLRQ�

���5HVXOWV

8VLQJ� WKH�0RQWH� &DUOR� VDPSOLQJ� PHWKRG� ZH� KDYH� VHOHFWHG� ���� FKLOGUHQ� DQG� DGROHVFHQWV
UHSUHVHQWLQJ� WKH�ZKROH� SRSXODWLRQ� XQGHU� HLJKWHHQ� \HDUV� RI� OLIH�� $OO� RI� WKHP�ZHUH� ERUQ� LQ� WKH
0DULERU�UHJLRQ�DQG�DOO�ZHUH�ZKLWH��5RXWLQHO\�WKH\�ZHUH�FDOOHG�IRU�DQ�HFKRFDUGLRJUDSK\�ZLWK�QR
SULRU�ILQGLQJV��:H�H[DPLQHG�����YROXQWHHUV�

7KH\�DOO�KDG�DQ�H[DPLQDWLRQ�RI�WKHLU�KHDOWK�VWDWH�LQ�WKH�IRUP�RI�D�FDUHIXOO\�SUHSDUHG�SURWRFRO
VSHFLDOO\� PDGH� IRU� WKH� 6\QGURPH� RI� 093�� 7KH� SURWRFRO� FRQVLVWHG� RI� JHQHUDO� GDWD�� PRWKHUV

KHDOWK��IDWKHUV
�KHDOWK��SUHJQDQF\��GHOLYHU\��SRVW�QDWDO�SHULRG��LQMXULHV�RI�FKHVW�RU�DQ\�RWKHU�NLQG�
FURQLFDO�GLVHDVHV��VSRUWV��SK\VLFDO�H[DPLQDWLRQ��VXEMHFWLYH�GLIILFXOWLHV�OLNH�KHDGDFKHV��FKHVW�SDLQ�
SDOSLWDWLRQ��SHUVSLULQJ��GL]]LQHVV�HWF���DXVFXOWDWLRQ��SKRQRFDUGLRJUDSK\��(.*�DQG�ILQDOO\�(&+2�
,Q�WKDW�PDQQHU��ZH�JDWKHUHG�����SDUDPHWHUV�WKDW�FDQ�SRVVLEO\�LQGLFDWH�WKH�SUHVHQFH�RI�093�

$OO�����SDWLHQWV�ZHUH�GLYLGHG�LQWR�D�OHDUQLQJ�DQG�D�WHVWLQJ�VHW������SDWLHQWV�ZHUH�VHOHFWHG�IRU
WKH�OHDUQLQJ�DQG�WKH�UHVW�������IRU�WKH�WHVWLQJ�VHW��)LUVW�ZH�FRQVWUXFWHG�VHYHUDO�WUDGLWLRQDO�GHFLVLRQ
WUHHV� �ZLWK�GLIIHUHQW�SDUDPHWHUV� VHWWLQJV���7KHQ�D� IHZ�GHFLVLRQ�SURJUDPV�ZHUH�HYROYHG� WKURXJK
RXU�QHZ�HYROXWLRQDU\�DSSURDFK�IRU�WKH�VDPH�OHDUQLQJ�DQG�WHVWLQJ�VHWV��$�FRPSDULVRQ�RI�WKH�EHVW
WUDGLWLRQDOO\�FRQVWUXFWHG�GHFLVLRQ�WUHH��7DEOH���D���ZLWK�RXU�QHZ�HYROYHG�GHFLVLRQ�SURJUDP��7DEOH
��E��KDV�EHHQ�PDGH�

7DEOH����&ODVVLILFDWLRQ�RI�093�SUREOHP�ZLWK�D�� WUDGLWLRQDO�GHFLVLRQ� WUHH��DQG�E��DXWRPDWLFDOO\�HYROYHG
GHFLVLRQ�SURJUDP�

&ODVVLILHG�DV
SURODSVH

&ODVVLILHG�DV
VLO��SURODSVH

&ODVVLILHG�DV
QR�SURODSVH

SURODSVH � � �

VLOHQW
SURODSVH � � �

QR
SURODSVH � � ���

&ODVVLILHG�DV
SURODSVH

&ODVVLILHG�DV
VLO��SURODSVH

&ODVVLILHG�DV
QR�SURODSVH

SURODSVH � � �

VLOHQW
SURODSVH � � �

QR
SURODSVH � � ���

Authorized licensed use limited to: Wikipedia. Downloaded on June 22,2024 at 14:59:00 UTC from IEEE Xplore.  Restrictions apply. 



$�FRPSDULVRQ�RI�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW�GLDJQRVWLF�PHWKRGV�LV�XVXDOO\�GHVFULEHG�LQ�WKH
ILHOG�RI�PDFKLQH�OHDUQLQJ�E\�DFFXUDF\�DQG�LQ�WKH�ILHOG�RI�PHGLFLQH�E\�VHQVLWLYLW\�DQG�VSHFLILFLW\
�7DEOH�����7KH�DFFXUDF\�RI�D�GLDJQRVWLF�PHWKRG�LV�FDOFXODWHG�DV�WKH�UHODWLRQ�EHWZHHQ�WKH�FRUUHFWO\
FODVVLILHG� DQG� DOO� WHVWLQJ� REMHFWV�� 6HQVLWLYLW\� LV� EDVHG� RQ� UDWLR� RI� FRUUHFWO\� FODVVLILHG� SRVLWLYH
SDWLHQWV��SDWLHQWV�KDYLQJ�SURODSVH�RU�VLOHQW�SURODSVH�LQ�RXU�FDVH��FRPSDUHG�WR�DOO�SRVLWLYH�SDWLHQWV�
DQG� VSHFLILFLW\� LV� EDVHG� RQ� UDWLR� RI� FRUUHFWO\� FODVVLILHG� QHJDWLYH� SDWLHQWV� �ZLWKRXW� SURODSVH� RU
VLOHQW�SURODVSH��FRPSDUHG�WR�DOO�QHJDWLYH�SDWLHQWV��$OO�YDOXHV�DUH�JLYHQ�DV�SHUFHQWDJHV��)URP�WDEOH
�� LW� LV� REYLRXV� WKDW� WKH� HYROXWLRQDU\� DSSURDFK� JUHDWO\� LPSURYHV� DOO� PHDVXUHV� RI� HIIHFWLYHQHVV�
HVSHFLDOO\�DFFXUDF\�DQG�VHQVLWLYLW\�

7DEOH����$�FRPSDULVRQ�RI� WKH�FRPSOH[LW\�EHWZHHQ� WUDGLWLRQDO�GHFLVLRQ� WUHH�DQG�DXWRPDWLFDOO\�HYROYHG
GHFLVLRQ�SURJUDP�

7UDGLWLRQDO�GHFLVLRQ
WUHH

$XWRPDWLFDOO\�HYROYHG
GHFLVLRQ�SURJUDP

DFFXUDF\ ����� �����

VHQVLWLYLW\ ����� �����

VSHFLILFLW\ ����� �����

���&RQFOXVLRQ

7KH� LQWURGXFWLRQ� RI� DXWRPDWLF� SURJUDPPLQJ� WHFKQLTXHV� LQWR�PHGLFDO� GHFLVLRQ�PDNLQJ� KDV
VKRZQ�VRPH�YHU\�JRRG�UHVXOWV��DW�OHDVW�LQ�WKH�FDVH�RI�093�FODVVLILFDWLRQ�SUREOHP��5HJDUGLQJ�WKH
SRVVLELOLWLHV� RI� DXWRPDWLF� SURJUDPPLQJ�� WKH\� FRXOG� EH� DOVR� XVHG� IRU� VHYHUDO� RWKHU� PHGLFDO
GHFLVLRQ� PDNLQJ� SXUSRVHV�� HVSHFLDOO\� LQ� WKRVH� VLWXDWLRQV�� ZKHUH� WKH� QXPEHU� RI� DWWULEXWHV� WKDW
GHVFULEH�RQH�FDVH�LV�ODUJH��ZKHQ�D�ORW�RI�DOUHDG\�VROYHG�FDVHV�DUH�DYDLODEOH�DQG�ZKHQ�WKH�QXPEHU
RI�GLVFUHWH�DWWULEXWHV�LV�PXFK�KLJKHU�WKDQ�WKH�QXPEHU�RI�FRQWLQXRXV�RQHV�
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