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V� LQWHQWLRQ��,QIRUPDWLRQ� DERXW� QHWZRUN� �KRVW��� $WWDFN� REMHFW!�� 7KH�EDVLF�PDOHIDFWRU
V�LQWHQWLRQV�DUH�³5HVRXUFH�(QXPHUDWLRQ´��³*DLQLQJ� $FFHVV� WR� 5HVRXUFHV´�� ³(VFDODWLQJ� 3ULYLOHJH´��HWF��$WWDFN�REMHFW� FRUUHVSRQGV� WR� WKH�RSWLRQDO�YDULDEOH� LQ�DWWDFN�WDVN VSHFLILFDWLRQ��$WWDFN�IRUPDO�PRGHO�LV�UHSUHVHQWHG�DV�NQRZOHGJH�EDVH��ZKLFK� LV� VKDUHG�E\�DOO�DJHQWV� DQG� VWUXFWXUHG�DFFRUGLQJ�WR�WKH� GHYHORSHG� GRPDLQ� RQWRORJ\��7KH�GHYHORSHG�RQWRORJ\�LQFOXGHV� GHWDLOHG� GHVFULSWLRQ� RI� WKH� ³1HWZRUN� DWWDFN´�GRPDLQ� LQ� ZKLFK� WKH� QRWLRQV� RI� WKH� ERWWRP� OD\HU��³WHUPLQDOV´�� FDQ� EH� VSHFLILHG� LQ� WHUPV�RI� DXGLW� GDWD� DQG�QHWZRUN�SDFNHWV��0DWKHPDWLFDO�PRGHO�RI�QHWZRUN�DWWDFNV� LV�VSHFLILHG�LQ�WHUPV� RI� WKH� VHW� RI� VWRFKDVWLF� IRUPDO� JUDPPDUVLQWHUFRQQHFWHG� WKURXJK� ³VXEVWLWXWLRQ´� RSHUDWLRQV��0$  �^�*L�`���^�6X�`!��ZKHUH�^*` ± WKH�IRUPDO�JUDPPDUV��̂ 6X`± WKH�³VXEVWLWXWLRQ´�RSHUDWLRQV��7KH�VHTXHQFHV�RI�V\PEROV�JHQHUDWHG� E\�HDFK RI� VXFK� JUDPPDUV� FRUUHVSRQG� WR� WKH�VHTXHQFHV� RI� WLPH� RUGHUHG�PDOHIDFWRU
V� LQWHQWLRQV� DQG�RU�DFWLRQV�UHSUHVHQWHG�DW�D�OD\HU�RI�GHWDLOV��(YHU\� IRUPDO� JUDPPDU� LV� VSHFLILHG� E\� TXLQWXSOH�* �91��97��6��3��$�!��ZKHUH�*�LV�WKH�JUDPPDU�LGHQWLILHU��QDPH���91 LV� WKH� VHW� RI� QRQ�WHUPLQDO� V\PEROV� �WKDW� DUH�DVVRFLDWHG�ZLWK� WKH� XSSHU� DQG� WKH� LQWHUPHGLDWH� OHYHOV� RI�UHSUHVHQWDWLRQ�RI�WKH�VWHSV�RI�DQ�DWWDFN�VFHQDULR��97 LV�WKH�VHW� RI� LWV� WHUPLQDO� V\PEROV� �WKDW� GHVLJQDWH� WKH� VWHSV� RI� D�ORZHU�OHYHO� DWWDFN��� 6� 91 LV� WKH� JUDPPDU� D[LRP� �DQ�LQLWLDO� V\PERO� RI� DQ� DWWDFN� VFHQDULR��� 3� LV� WKH� VHW� RI�SURGXFWLRQV��SURGXFWLRQ�UXOHV��WKDW�VSHFLI\�WKH�UHILQHPHQW�RSHUDWLRQV�IRU�WKH�DWWDFN�VFHQDULR�WKURXJK�WKH�VXEVWLWXWLRQ�RI� WKH�V\PEROV�RI�DQ�XSSHU� OHYHO� QRGH�E\� WKH�V\PEROV�RI�WKH� ORZHU�OHYHO� QRGHV�� DQG� �$� LV� WKH� VHW� RI� DWWULEXWHV� DQG�DOJRULWKPV�RI�WKHLU�FRPSXWDWLRQ��7KH�JUDPPDU�SURGXFWLRQ�LV�UHFRUGHG�DV�IROORZV���8��;�o D<��3URE���ZKHUH�8 LV�WKH�FRQGLWLRQ� IRU� XSKROGLQJ� WKH� UXOH��;�� < LV� D� QRQ�WHUPLQDO�V\PERO��D LV�D�WHUPLQDO�V\PERO��3URE LV�WKH�SUREDELOLW\�RI�WKH�UXOH�EHLQJ�FKRVHQ��$WWULEXWH� FRPSRQHQW RI� HDFK� JUDPPDU� VHUYHV� IRU�VHYHUDO� SXUSRVHV�� 7KH� ILUVW� RI� WKHP� LV� WR� VSHFLI\�UDQGRPLVHG� FKRLFH� RI� D� SURGXFWLRQ DW� WKH� FXUUHQW�LQIHUHQFH� VWHS� LI� VHYHUDO� SURGXFWLRQV� KDYH� WKH� HTXDO� OHIW�SDUW�QRQ�WHUPLQDOV�FRLQFLGLQJ�ZLWK�WKH�DFWLYH�QRQ�WHUPLQDO�LQ�WKH�FXUUHQW�VHTXHQFH�XQGHU�LQIHUHQFH��$OVR�WKH�DWWULEXWH�FRPSRQHQW� LV� XVHG� WR� FKHFN�FRQGLWLRQV� GHWHUPLQLQJ� WKH�
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$JHQW�JHQHUDWRU�RI�DWWDFN�RI�FODVV��

0RGHO�RI�FRPSXWHU�QHWZRUN�SOD\LQJ�WKH�UROH�RI�HQYLURQPHQW�+RVW�� +RVW��

$JHQW�JHQHUDWRU�RI�DWWDFN�RI�FODVV�1««««««««««««««««
$JHQW�JHQHUDWRU�RI�DWWDFN�RI�FODVV�.

$JHQW�JHQHUDWRU�RI�DWWDFN�RI�FODVV��
$JHQW�JHQHUDWRU�RI�DWWDFN�RI�FODVV�/

«��

���$JHQW�JHQHUDWRU�RI�DWWDFN�RI�FODVV��

0HWD�DJHQW�FKRRVLQJ�LQWHQWLRQ�DQG�VFHQDULR�RI�DWWDFN

+RVW�1
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)LJXUH��� $�KLHUDUFKLFDO VWUXFWXUH�RI�$6$&1DW LPSOHPHQWDWLRQ�RI�WKH�FRPSOH[�DWWDFNV



DGPLVVLELOLW\�RI�XVLQJ�D�SURGXFWLRQ� DW� WKH�FXUUHQW� VWHS�RI�LQIHUHQFH��7KH� IDPLO\� RI� VWDWH� PDFKLQHV� LPSOHPHQWV� DOJRULWKPLF�LQWHUSUHWDWLRQ� RI� WKH� DWWDFN� JHQHUDWLRQ� VSHFLILHG� DV� D�IDPLO\�RI� IRUPDO�JUDPPDUV��7KH�SHFXOLDULW\�RI�DQ\�DWWDFN�LV� WKDW� WKH�PDOHIDFWRU
V� VWUDWHJ\�GHSHQGV�RQ� WKH� UHVXOWV�RI�WKH� LQWHUPHGLDWH� DFWLRQV�� 7KLV� LV� WKH� UHDVRQ� ZK\� WKH�PDOHIDFWRU
V�DFWLRQ�KDV�WR�EH�JHQHUDWHG�RQ�OLQH LQ�SDUDOOHO�ZLWK� WKH� JHWWLQJ� UHDFWLRQ� RI� WKH� DWWDFNHG� QHWZRUN�� 7KH�SURSRVHG� VWRFKDVWLF� JUDPPDU� V\QWD[� SURYLGHV� WKH�PRGHO�ZLWK�WKLV�FDSDELOLW\�����0XWL�DJHQW�LQWUXVLRQ�GHWHFWLRQ�V\VWHP
0,'6�PDNHV� GHFLVLRQV�EDVHG� RQ� WKH�PXOWL�OHYHO� LQSXW�GDWD�SURFHVVLQJ�XVLQJ�WKH�PHWD�FODVVLILFDWLRQ�VFKHPH��7KH�GHYHORSHG�FDVH�VWXG\�LV�DQ�LPSOHPHQWDWLRQ�RI�D�SDUWLFXODU�VLPSOLILHG�FDVH�RI�WKLV�DUFKLWHFWXUH��7KH�KRVW�EDVHG�SDUW�RI�WKH� LPSOHPHQWHG� 0,'6� DUFKLWHFWXUH� FRPSULVHV� WKH�IROORZLQJ�EDVLF�FRPSRQHQWV��ILJXUH�����$JHQW�GHPRQ�$'�( LV� UHVSRQVLEOH�IRU� WKH� LQSXW� WUDIILF�SUH�SURFHVVLQJ�� ,W�PRQLWRUV� WUDIILF�DQG�H[WUDFWV�VHTXHQFHV�RI� VR�FDOOHG� ³HYHQWV´� WKDW� DUH� VHPDQWLFDOO\� PHDQLQJIXO�IURP� LQWUXVLRQ� GHWHFWLRQ� YLHZSRLQW�� 7KHVH� HYHQWV� DUH�VRUWHG�� VWRUHG� LQ� $'�( GDWDEDVH� DQG� IRUZDUGHG� WR� WKH�SRVWHULRU�SURFHVVLQJ�WR�RQH�RU�VHYHUDO�DJHQWV��$JHQW�GHPRQV IRU� LGHQWLILFDWLRQ� DQG� DXWKHQWLFDWLRQ�$,$�� DQG� IRU� DFFHVV� FRQWURO �$&$�� SHUIRUP� WKHLU�FRQYHQWLRQDO� IXQFWLRQDOLWLHV�� UHFRUG� WKH� UHVXOWV� LQWR� WKHLU�GDWD� EDVHV� DQG� VHQG�PHVVDJHV� WR� WKH�,QWUXVLRQ� GHWHFWLRQ�DJHQW �,'$�� LI� D� VXVSLFLRXV� EHKDYLRXU� RU� DWWHPSW� RI� DQ�DWWDFN�KDV�EHHQ�GHWHFWHG��$JHQW�GHPRQV $'�3� DQG�$'�3� DUH� UHVSRQVLEOH� IRU�H[WUDFWLRQ� RI� WKH� ³PHDQLQJIXO´� SDWWHUQV� RI� ³HYHQWV´� DQG�PDNLQJ�GHFLVLRQV�UHJDUGLQJ�WR�WKH�XVHU
V�EHKDYLRXU��,Q�WKH�LPSOHPHQWHG� FDVH� VWXG\�$'�3� DJHQW� LV� UHVSRQVLEOH� IRU�H[WUDFWLQJ�SDWWHUQV� DVVRFLDWHG�ZLWK� WKH� DWWDFNV� OLNH�ILQJHU�VHDUFK DQG�EXIIHU�RYHUIORZ��7KH�DJHQW�$'�3� LV�LQWHQGHG�WR� H[WUDFW� SDWWHUQV� FRUUHVSRQGLQJ� WR� WKH�GHQLDO�RI� VHUYLFHDWWDFN�DQG�SRUW�VFDQQLQJ��,'$V�PDNH� UXOH�EDVHG� GHFLVLRQV� RQ� WKH� EDVLV�RI� LQSXW�IDFWV� FRQWDLQHG� LQ� WKH� UHFHLYHG� PHVVDJHV�� 7KH\� FDQ�UHFHLYH� PHVVDJHV� DERXW� GHWHFWHG� VXVSLFLRXV� EHKDYLRXU�IURP�DJHQWV�RI�WKH�VDPH�KRVW�DV�ZHOO�DV�RWKHU�KRVWV��,'$�SURFHVVHV� VLWXDWLRQV� OLNH� FRPELQHG� VSRRILQJ� DWWDFNV ��ZKHUHDV� ,'$�� SHUIRUPV� KLJK�OHYHO� GDWD� SURFHVVLQJ� LQ�RUGHU�WR�GHWHFW�PXOWL�SKDVH�DWWDFNV��,Q� EULHI�� WKUHH� OHYHOV�RI� SURFHVVLQJ� WR�GHWHFW� DQ� DWWDFN�FDQ�EH�GLIIHUHQWLDWHG� �VHH�ILJXUH����� ����3UH�SURFHVVLQJ�RI�LQSXW�WUDIILF�E\�$'�( DLPHG�DW�WUDQVIRUPDWLRQ�RI�WKH�LQSXW�VWUHDP�LQWR�VHTXHQFHV�RI�VLJQLILFDQW�HYHQWV������([WUDFWLQJ�SUHGHILQHG� SDWWHUQV� DQG� GHWHFWLQJ� WKH� VLQJOH�SKDVH��³VLPSOH´�� DWWDFNV� E\�$,$��$&$��$'�3� DQG�$'�3��� ����'HWHFWLQJ�FRPELQHG�DWWDFNV�E\�,'$� DQG�,'$���

7KH�UHVXOWV�RI�WHVWLQJ�RI�WKH�0,'6�SURWRW\SH�H[KLELWHG�WKH� FDSDELOLW\� RI� WKH� V\VWHP� WR� GHWHFW� PXOWL�SKDVHV�GLVWULEXWHG� DWWDFNV� SHUIRUPHG� IURP� GLIIHUHQW� VRXUFH�FRPSXWHUV��,3�DGGUHVVHV��DQG�WKURXJK�VHYHUDO�HQWU\�SRLQWV�RI�WKH�FRPSXWHU�QHWZRUN���� 0XOWL�DJHQW� LQWUXVLRQ� GHWHFWLRQ� OHDUQLQJ�V\VWHP
7KH� PDLQ� SHFXOLDULWLHV� DQG� UHVXOWLQJ� SUREOHPV� RI�LQWUXVLRQ� GHWHFWLRQ� OHDUQLQJ� WHFKQRORJ\� UHVXOW� IURP� WKH�SHFXOLDULWLHV�RI�OHDUQLQJ�GDWD��7KH�PRVW�VLJQLILFDQW�RI�WKHP�UHVXOW�IURP�GLVWULEXWHG�QDWXUH�DQG�KHWHURJHQHLW\�RI�GDWD�IRU�LQWUXVLRQ� GHWHFWLRQ� OHDUQLQJ��7KH�GDWD�FDQ�EH� UHSUHVHQWHG�LQ� GLIIHUHQW� GDWD� VWUXFWXUHV� DQG� PHDVXUHG� LQ� GLIIHUHQW�PHDVXUHPHQW� VFDOHV�� EH� RI� GLIIHUHQW� DFFXUDF\� DQG�UHOLDELOLW\�� WKH\� PD\� EH� LQFRPSOHWH� DQG� XQFHUWDLQ� DQG��FRQWDLQ�PLVVLQJ�YDOXHV��HWF��0,'/6� LQFOXGHV� VHYHUDO� FRSLHV� RI� WKH� IROORZLQJ�FODVVHV� RI� DJHQWV�� OHDUQLQJ� GDWD� PDQDJHPHQW� DJHQWV��FODVVLILHU� WHVWLQJ� DJHQWV�� PHWD�GDWD� IRUPLQJ� DJHQWV�� DQG�OHDUQLQJ�DJHQWV �ILJXUH�����7KH OHDUQLQJ�GDWD�PDQDJHPHQW�DJHQWV� DUH�LQWHQGHG�IRU�DOORFDWLRQ� WKH� WUDLQLQJ� DQG� WHVWLQJ� GDWD�EHWZHHQ�GLIIHUHQW�FRSLHV�RI� OHDUQLQJ�DJHQWV� GHSHQGLQJ�RQ� WKHLU� UROHV� LQ� WKH�JHQHUDO�GHFLVLRQ�PDNLQJ�VWUXFWXUH��,Q�WKDW��DQ�DJHQW
V�UROH�LV�D� FODVV� RI� DWWDFNV� LW� LV� GHVLJQHG� WR� GHWHFW� DQG�DOVR� LWV�SODFH� LQ� WKH� JHQHUDO� GHFLVLRQ�PDNLQJ� VWUXFWXUH�� $W� WKH�ORZHU� OHYHOV�� EDVH� FODVVLILHUV� PDNH� WKH� GHFLVLRQV�� 7KHUH�PD\�EH�VHYHUDO�RI�WKHP�IRU�WKH�VDPH�VXEVHW�RI�DWWDFNV��EXW�WKH\�VKRXOG�OHDUQ�RQ�WKH�EDVLV�RI�GLIIHUHQW�VHWV�RI�WUDLQLQJ�DQG� WHVWLQJ� GDWD��$W� WKH� XSSHU� OHYHOV�� GHFLVLRQVPDGH� E\�WKH�EDVH�FODVVLILHUV�DUH�XVHG�IRU�PDNLQJ�WKH�ILQDO�GHFLVLRQ�WKURXJK� FRPELQLQJ� WKH� GHFLVLRQV� PDGH� E\� WKH� EDVH�FODVVLILHUV�� 7KLV� LV� GRQH� E\� WKH� PHWD�FODVVLILHUV�� $� GDWD�PDQDJHPHQW� DJHQW� SRVVHVVHV� LQIRUPDWLRQ� UHJDUGLQJ� WKH�FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�WKH�HQWLUH�DPRXQW�RI�WUDLQLQJ�DQG�WHVWLQJ�GDWD��WKH�FRPSRVLWLRQ�DQG�WKH�UROHV�RI�DJHQWV�LQ�
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WKH�0,'6�ZLWKLQ�D�KRVW��%DVHG�RQ�WKLV�LQIRUPDWLRQ�DQG�RQ�LWV� RZQ� NQRZOHGJH�� WKH� DJHQW� KDV� WR� SURSRVH� D� GHFLVLRQ�UHJDUGLQJ� WKH� SDUWLWLRQ� RI� WKH� OHDUQLQJ� VDPSOH� DPRQJ�GLIIHUHQW�DJHQWV�RI�WKH�KRVW��7KH� UHVSRQVLELOLW\� RI� WKH� FODVVLILHU� WHVWLQJ� DJHQWVFRQVLVWV� LQ�WHVWLQJ�RI�FODVVLILHUV�EDVHG�RQ� WKH�GDWD�VDPSOH�FKRVHQ�DV�WHVWLQJ�DQG�LQ�DVVHVVLQJ�WKH�OHDUQLQJ�TXDOLW\�RI�D�FODVVLILHU EDVHG�RQ�D�VSHFLILHG� VHW�RI�FULWHULD��7KH�VHFRQG�WDVN�RI� WKHVH� DJHQWV� FRQVLVWV� LQ� ODXQFKLQJ� WKH�³DGGLWLRQDO�OHDUQLQJ´� SURFHGXUHV� LI� WKH� OHDUQLQJ� UHVXOWV� GR� QRW� PHHW�WKH�VSHFLILHG�FULWHULD��7KH�PHWD�GDWD� IRUPLQJ� DJHQWV SRVVHVV� WKH�NQRZOHGJH�FRQFHUQLQJ�WR�WKH�PHWD�FODVVLILHUV� IRU�ZKLFK�HDFK�RI�WKHP�KDV� WR� IRUP� PHWD�GDWD� IRU� WUDLQLQJ� DQG� WHVWLQJ�� 7KLV�NQRZOHGJH� FRQFHUQV� WR� WKH� VXEVHW� RI� EDVH� FODVVLILHUV��ZKLFK� GHFLVLRQV� WR� EH� FRPELQHG�� $OVR� HDFK� PHWD�GDWD�IRUPLQJ�DJHQW�KDV�LQIRUPDWLRQ�FRQFHUQLQJ�WR�WKH�GDWD�WKDW�VHUYHV� DV� WKH� EDVLV� IRU� IRUPLQJ� WKH� UHTXLUHG� PHWD�GDWD�VDPSOH�� 7KLV� DJHQW
V�PDLQ� IXQFWLRQ� FRQVLVWV� LQ� ODXQFKLQJ�WKH� WHVWLQJ� WKH�UHTXLUHG�EDVH�FODVVLILHUV� DQG�UHFRUGLQJ�WKH�WHVW� UHVXOWV� LQ� WKH� UHTXLUHG� IRUPDW� LQWR� WKH� GDWDEDVH�XVHG�IRU�PHWD�GDWD�VWRUDJH��7KH�OHDUQLQJ� DJHQWV UHDOL]H� WKH�PDLQ� IXQFWLRQV� RI� WKH�0,'/6��7ZR�FODVVHV�RI�WKH�OHDUQLQJ�DJHQWV�DUH�XVHG��7KH�ILUVW�FODVV�RI�WKH�OHDUQLQJ�DJHQWV�LV�GHVLJQHG�IRU�WKH�WDVN�LQ�ZKLFK�WUDLQLQJ�DQG�WHVWLQJ�GDWD�DUH�UHSUHVHQWHG�DV�RUGHUHG�WHPSRUDO�VHTXHQFHV�RI�UDQGRP�OHQJWK��7KH�VHFRQG�FODVV�RI�OHDUQLQJ�DJHQWV� LV�GHVLJQHG�IRU�WKH�OHDUQLQJ�FODVVLILHUV�WKDW�ZRUN�ZLWK� WKH�WUDLQLQJ�DQG� WHVWLQJ�GDWD�UHSUHVHQWHG�LQ�WKH�IRUP� RI� DWWULEXWH� YHFWRUV�� 7KLV� LV� WKH� ILUVW� GLVWLQFWLRQ�EHWZHHQ�WKH�OHDUQLQJ�DJHQW�FODVVHV��7KH�VHFRQG�GLVWLQFWLRQ�EHWZHHQ�WKHP�OLHV�LQ�WKH�VWUXFWXUHV�RI�NQRZOHGJH�WKDW�WKH\�H[WUDFW�IURP�WKH�OHDUQLQJ�GDWD��$JHQWV�RI�WKH�ILUVW�FODVV�DUH�GHVLJQHG� IRU� H[WUDFWLQJ� SDWWHUQV� DQG� IUHTXHQW� HSLVRGHV��

7KH�PDLQ�IXQFWLRQV�RI�WKH�VHFRQG�FODVV�RI�DJHQWV�FRQVLVW�LQ�H[WUDFWLQJ� UXOHV� IURP� WKH� GDWD�ZLWK� DWWULEXWHV� UHSUHVHQWHG�DV� YHFWRU�� 7KH� FKRVHQ� PXOWLWXGH� RI� OHDUQLQJ� PHWKRGV�LQFOXGHV�ERWK�WKH�ZLGHO\�NQRZQ�PHWKRGV��H�J���,'���&�����ERRVWLQJ�� DQG� WKH� PHWD�FODVVLILFDWLRQ� PHWKRGRORJ\�� DQG�WKH�PHWKRGV�WKDW�KDYH�EHHQ�RU�DUH�EHLQJ�GHYHORSHG�E\�WKH�DXWKRUV� �H�J��� YLVXDO� FODVVLILFDWLRQ� PHWKRG�� WKH� ,1)250�DOJRULWKP��$OJHEUDLF�%D\HV�1HWZRUNV�����5HODWHG�ZRUNV
/HW� XV� FRQVLGHU� WKH� UHODWHG� ZRUNV� LQ� WKH� IROORZLQJ�RUGHU�� ����DWWDFN� VLPXODWLRQ� WRROV�� ����,'6�� ���� LQWUXVLRQ�GHWHFWLRQ�OHDUQLQJ�V\VWHPV��7LOO�QRZ�D�ORW�RI�GDWD�DERXW�GLIIHUHQW�VHFXULW\�LQFLGHQWV�LV� DFFXPXODWHG�� 7KHUH� DUH� D� QXPEHU� RI� SXEOLFDWLRQV� LQ�ZKLFK� DWWDFN� FDVHV� DUH� V\VWHPDWL]HG�DV WD[RQRPLHV� �IRU�H[DPSOH�� >�@�� >��@� >��@��HWF����1HYHUWKHOHVV�� WKHUH�DUH�QR�VHULRXV� DWWHPSWV� WR� JHQHUDOL]H� WKH� DFFXPXODWHG� GDWD� LQ�RUGHU�WR�GHYHORS�D�IRUPDO�PRGHO DQG�VLPXODWRU�RI�DWWDFNV�DJDLQVW� FRPSXWHU� QHWZRUN �� 7KH� SXEOLFDWLRQV� UHIOHFW� D�EHJLQQLQJ� SKDVH� RI� UHVHDUFK� �VHH�� IRU� H[DPSOH��>�@�� >�@��>��@���:H�GHYHORSHG�D�VWULFW�IRUPDO�PRGHO�DQG�WHFKQLTXHV�IRU�DWWDFN�PRGHOOLQJ�EDVHG�RQ�VWRFKDVWLF�IRUPDO�JUDPPDU�EDVHG�VSHFLILFDWLRQ�RI�WKH�VFHQDULRV�RI�QHWZRUN�DWWDFNV�RQ�WKH�PDFUR�DQG�PLFUR�OHYHOV��5HFHQWO\�D�QXPEHU�RI�QHZ�PRGHOV�DQG�LQQRYDWLRQV�IRU�,'6V� ZHUH� SURSRVHG�� &RPPRQ� LGHDV� DUH�� ���� XVH RI�NQRZOHGJH�EDVHG� IUDPHZRUNV�� IRU� H[DPSOH�� UXOH�EDVHG�V\VWHPV�� QHXUDO� QHWZRUNV�� JHQHWLF�DOJRULWKPV�� KXPDQ�OLNH�LPPXQRORJ\� V\VWHPV�� DQG� ���� XVH� RI� FRRSHUDWLRQ� RI� WKH�SDUWLFXODU�GLVWULEXWHG�FRPSRQHQWV�RI� WKH�QHWZRUN� VHFXULW\�V\VWHP� WKDW� VKRXOG� DOORZ� WR� GHWHFW� XQNQRZQ� GLVWULEXWHG�DWWDFNV� DJDLQVW� FRPSXWHU� QHWZRUN� RQ� D� ZKROH�� 6R�PXOWL�DJHQW� PRGHO� LQ� ,'6� GHVLJQ� DWWUDFWHG� D� JUHDW� DWWHQWLRQ�GXULQJ� VHYHUDO� ODVW� \HDUV� �>�@�� >��@�� >��@�� HWF��� ,W� ZDV�DVFHUWDLQHG� WKDW� VXFK� D� PRGHO� DOORZV� HQKDQFLQJ� ,'6�SHUIRUPDQFH� DQG UHOLDELOLW\� DV� FRPSDUHG� ZLWK�FRQYHQWLRQDO�DSSURDFKHV��+RZHYHU��WKH�PDMRULW\�RI�NQRZQ�UHVHDUFK� XVLQJ� WKH� PXOWL�DJHQW� PRGHO� RI� ,'6� RQO\�FRQVLGHUV� WKH� VLPSOLILHG� YHUVLRQ� RI� DJHQWV DQG� WKHLU�FRRSHUDWLYH�EHKDYLRXU��,Q�SDUWLFXODU��WKH�SURSRVHG�PRGHOV�DQG�DUFKLWHFWXUHV�XVH�DJHQWV�DW�WKH�SUH�SURFHVVLQJ�SKDVH�RI�WKH� SURWHFWLRQ� WDVN�� +HUH� WKH� DJHQWV� DUH� QRW� NQRZOHGJH�EDVHG��WKH\�DUH�PDQDJHG�E\�D�KLJK�OHYHO�VRIWZDUH�PDQDJHUDQG� GR� QRW� FRRSHUDWH ZLWK� RWKHU� VHFXULW\� V\VWHP�FRPSRQHQWV��:H� LPSOHPHQWHG� WKH� ,'6�SRVVHVVLQJ� PDLQ�DGYDQWDJHV�RI�LQWHOOLJHQW�PXOWL�DJHQW�V\VWHPV��/HDUQLQJ� LQWUXVLRQ� GHWHFWLRQ� LV� WKH� SUREOHP� WKDW� LV�UHVHDUFKHG�DERXW�ODVW�VHYHQ�\HDUV��7KH�EDVLF�SHFXOLDULW\�RI�WKH�DSSURDFK�GHYHORSLQJ�E\�JURXS�RI�6�6WROIR��>��@��>��@�LV�WKDW�LQ�LW�LQWUXVLRQ�GHWHFWLRQ�OHDUQLQJ�LV�FRQVLGHUHG�DV�D�GDWD� DQDO\VLV� SURFHVV � $Q� DOWHUQDWLYH� DSSURDFK� WR� WKH�GHVLJQ�DQG�GHYHORSPHQW�RI�WKH�PRGHUQ�OHDUQDEOH�LQWUXVLRQ�
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