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$FNQRZOHGJHPHQWV

)LUVW RI DOO� , ZRXOG OLNH WR WKDQN ERWK P\ VXSHUYLVRUV� 3URIHVVRU 'RXWRU -RDTXLP 0DFHGR DQG 3URIHVVRUD

'RXWRUD 2OJD &UDYHLUR� IRU DOO WKH SDWLHQFH DQG VXSSRUW SURYLGHG GXULQJ WKLV \HDU�

7R P\ SDUHQWV� 0yQLFD DQG 0DQXHO� IRU DOZD\V SURYLGLQJ PH HYHU\WKLQJ , QHHGHG WR FRPSOHWH P\

HGXFDWLRQ DQG IRU PDNLQJ PH WKH PDQ , DP WRGD\� $OVR� WR P\ EURWKHU (GXDUGR IRU WHDVLQJ PH WKDW KH

ZRXOG ILQLVK KLV GLVVHUWDWLRQ ILUVW WKDQ PH�

7R 6RILD &UX]� P\ ORYH� IRU EULQJLQJ PH XS LQ P\ ORZHVW PRPHQWV DQG IRU DOZD\V KHOSLQJ PH ILQG P\

PRWLYDWLRQ�

7R P\ IULHQGV %UDJD� &DoDGRU� -RmR]LQKR� 3HGUR DQG 3HGUR� IRU VKDULQJ WKH VDPH SDLQV DV PH DQG IRU

EHLQJ WKH EDFNERQH RI P\ XQLYHUVLW\ DGYHQWXUH�

7R P\ 8SKROG FROOHDJXHV IURP WKH 'DWD WHDP� PDLQO\ <XOLDQD� *XLOKHUPH� =p DQG 0iULR� IRU OHWWLQJ PH

GLVFXVV P\ WKHVLV ZLWK WKHP DQG IRU DOZD\V EHLQJ UHDG\ WR KHOS�

7R DOO P\ RWKHU IULHQGV WKDW , GR QRW PHQWLRQ SHUVRQDOO\� IRU DOO WKH JRRG WLPHV WKDW PDGH WKLV WULS VR

EHDXWLIXO�
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7KH SUROLIHUDWLRQ RI VRFLDO QHWZRUNV SUHVHQWV D VLJQLILFDQW DPRXQW RI IDNH QHZV DQG IDNH LQIRUPDWLRQ

HYHU\ GD\ DQG HYHU\ VHFRQG� 7KH &29,'��� SDQGHPLF FRQILUPV WKLV VLWXDWLRQ� 7KH JHQHUDO LJQRUDQFH RI

WKLV GLVHDVH FDXVHV WKH VSUHDGLQJ RI PLVOHDGLQJ LQIRUPDWLRQ� KDUPLQJ SHRSOH·V OLYHV DQG JRYHUQPHQWV·

DFWLRQV WR FRQWDLQ LW�

7R ILJKW WKLV LQIRGHPLF� WKH SRSXODWLRQV UHVRUWHG WR WKH KHDOWK VHUYLFHV· SKRQH OLQHV� FRQJHVWLQJ WKHP

ZLWK TXHVWLRQV� PRVW RI WKHP UHSHDWHG DPRQJ GLIIHUHQW LQGLYLGXDOV DQG ORFDWLRQV� $ FKDWERW IRU &29,'����

UHODWHG TXHVWLRQV ZRXOG UHGLUHFW WKLV ZRUNORDG IURP WKH KHDOWK VHUYLFHV� PLWLJDWLQJ VXFK FRQJHVWLRQ� 7KLV

FKDWERW VKRXOG ZRUN IRU ERWK WKH (QJOLVK DQG 3RUWXJXHVH ODQJXDJHV�

7KLV ZRUN SURYLGHV D EDFNJURXQG RYHUYLHZ DERXW ZHE FUDZOHUV� LQIRUPDWLRQ SURFHVVLQJ DQG FKDWERW

GHYHORSPHQW� ZKLFK DUH WKH WKUHH FRPSRQHQWV RI WKH DSSOLFDWLRQ� $ V\VWHPDWLF OLWHUDWXUH UHYLHZ ZDV GRQH

WR SURYLGH DQ DQDO\VLV RI WKH H[LVWLQJ OLWHUDWXUH RQ WKH PHQWLRQHG WKHPDWLFV�

7KH DSSOLFDWLRQ SUHVHQWHG LQ WKLV ZRUN FRQVLVWV RI WKUHH PDLQ PRGXOHV� D ZHE FUDZOHU� XVLQJ WKH $&+(

FUDZOHU DSSOLFDWLRQ� ZKLFK GRZQORDGV WKH ZHE SDJHV IURP WKH WUXVWZRUWK\ VRXUFHV� D WH[W SURFHVVRU� WKDW

SDUVHV WKH ZHE SDJHV DQG LQGH[HV WKHP DFFRUGLQJ WR WKHLU ODQJXDJH WR WKH UHVSHFWLYH (ODVWLF6HDUFK LQGH[�

DQG D FKDWERW FRPSRQHQW� FRPSRVHG E\ D ILQH�WXQHG %(57 PRGHO ZLWK WKH 64X$' ��� GDWDVHW DQG D ZHE

LQWHUIDFH WKDW TXHULHV WKH (ODVWLF6HDUFK LQGH[HV IRU WKH PRVW UHOHYDQW SDJHV DQG H[WUDFWV WKH DQVZHUV WR

WKH JLYHQ TXHVWLRQV E\ WKH XVHUV� 7R FRPSO\ ZLWK WKH (QJOLVK DQG 3RUWXJXHVH UHTXLUHPHQW� WZR VHWV RI

UHOLDEOH VRXUFHV ZHUH GHILQHG �RQH IRU HDFK ODQJXDJH� DQG D WUDQVODWHG YHUVLRQ RI 64X$' ��� GDWDVHW ZDV

XVHG WR WUDLQ WKH 3RUWXJXHVH %(57 PRGHO� 7KH FKDWERW TXHULHV WKH FRUUHFW PRGHO XVLQJ WKH ZHE EURZVHU·V

GHILQHG ODQJXDJH�

2XU V\VWHP ZDV HYDOXDWHG XVLQJ D VHW RI &29,'��� 4$ SDLUV H[WUDFWHG IURP WKH 8QLWHG 1DWLRQV ZHEVLWH�

DQG WKH REWDLQHG UHVXOWV DUH GHVFULEHG LQ WKLV ZRUN� 7KHVH ZHUH IDU IURP WKH GHVLUDEOH RXWFRPHV� VR VRPH

LPSURYHPHQWV ZHUH DSSOLHG WR WKH FUDZOHU DQG WR WKH (ODVWLF6HDUFK LQGH[HV� +RZHYHU WKH UHVXOWV ZHUH VWLOO

QRW VDWLVIDFWRU\� UHTXLULQJ D VHW RI IXWXUH PRGLILFDWLRQV WKDW DUH SUHVHQWHG LQ WKLV ZRUN�

.H\ZRUGV� FKDWERW� &29,'���� LQIRUPDWLRQ SURFHVVLQJ� QDWXUDO ODQJXDJH SURFHVVLQJ� ZHE FUDZOLQJ
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&RP D SUROLIHUDomR GDV UHGHV VRFLDLV� XP Q~PHUR VLJQLILFDWLYR GH IDNH QHZV p GLVSRQLELOL]DGR jV

SHVVRDV WRGRV RV GLDV� D FDGD VHJXQGR� ,VWR IRL FRQILUPDGR GXUDQWH D SDQGHPLD GD &29,'���� RQGH XP

GHVFRQKHFLPHQWR JHUDO GD GRHQoD FDXVRX D GLIXVmR GH LQIRUPDomR HQJDQRVD� FRORFDQGR HP ULVFR D YLGD

GDV SHVVRDV H DV Do}HV JRYHUQDPHQWDLV TXH YLVDYDP R FRQWUROR GD GRHQoD�

3DUD FRPEDWHU HVWD LQIRGHPLD� DV SRSXODo}HV UHFRUUHUDP jV OLQKDV WHOHIyQLFDV GRV VHUYLoRV GH VD~GH

QDFLRQDLV� FRQJHVWLRQDQGR�DV FRP TXHVW}HV PXLWDV YH]HV UHSHWLGDV� &RP R LQWXLWR GH PLWLJDU HVWH FRQ�

JHVWLRQDPHQWR� XP FKDWERW SDUD D &29,'��� DMXGDULD D UHGLUHFLRQDU HVWD FDUJD GH WUDEDOKR GRV VHUYLoRV

GH VD~GH SDUD D DSOLFDomR� (VWH FKDWERW GHYH VXSRUWDU DV OtQJXDV 3RUWXJXHVD H ,QJOHVD�

(VWH WUDEDOKR DSUHVHQWD XPD YLVmR JHUDO DFHUFD GH ZHE FUDZOHUV� GH SURFHVVDPHQWR GH LQIRUPDomR

H GH GHVHQYROYLPHQWR GH FKDWERWV� 8PD UHYLVmR VLVWHPiWLFD GD OLWHUDWXUD IRL FRQGX]LGD FRP R LQWXLWR GH

DSUHVHQWDU XPD DQiOLVH GD OLWHUDWXUD H[LVWHQWH� $ DSOLFDomR DSUHVHQWDGD QHVWH WUDEDOKR FRQVLVWH HP WUrV

FRPSRQHQWHV SULQFLSDLV� XP ZHE FUDZOHU� XVDQGR D DSOLFDomR $&+(� TXH GHVFDUUHJD DV SiJLQDV ZHE GDV

IRQWHV FRQILiYHLV� XP FRPSRQHQWH GH SURFHVVDPHQWR GH WH[WR� TXH SURFHVVD DV SiJLQDV H DV LQGH[D GH

DFRUGR FRP D VXD OtQJXD QR UHVSHWLYR tQGLFH GH (ODVWLF6HDUFK� H XP FKDWERW� FRPSRVWR SRU XP PRGHOR

%(57 WUHLQDGR H UHILQDGR FRP R GDWDVHW 64X$' ��� H XPD LQWHUIDFH ZHE� TXH SHVTXLVD QR (ODVWLF6HDUFK

DV SiJLQDV PDLV UHOHYDQWHV H H[WUDL GDt DV UHVSRVWDV SDUD DV SHUJXQWDV GRV XWLOL]DGRUHV� 3DUD VDWLVID]HU R

UHTXLVLWR GDV GXDV OtQJXDV� GRLV FRQMXQWRV GH SiJLQDV FRQILiYHLV IRUDP GHILQLGRV �XP SDUD FDGD OtQJXD��

H XPD YHUVmR WUDGX]LGD GR 64X$' ��� IRL XWLOL]DGD SDUD WUHLQDU R PRGHOR %(57 HP 3RUWXJXrV� 2 FKDWERW

TXHVWLRQD R PRGHOR FRUUHWR FRQVRDQWH D OtQJXD FRQILJXUDGD QR EURZVHU XWLOL]DGR�

2 VLVWHPD IRL DYDOLDGR XVDQGR XP FRQMXQWR UHDO GH SHUJXQWDV H UHVSRVWDV VREUH &29,'���� VHQGR

DSUHVHQWDGRV QHVWH WUDEDOKR RV UHVXOWDGRV REWLGRV� (VWHV ILFDUDP ORQJH GR GHVHMDGR� SHOR TXH DOJXPDV

PHOKRULDV IRUDP DSOLFDGDV DR VLVWHPD� 3RUpP� RV UHVXOWDGRV SHUPDQHFHUDP DLQGD DVVLP LQVDWLVIDWyULRV�

QHFHVVLWDQGR GH XP FRQMXQWR GH IXWXUDV DOWHUDo}HV TXH VmR DSUHVHQWDGDV QHVWH WUDEDOKR�

3DODYUDV�FKDYH� FKDWERW� &29,'���� SURFHVVDPHQWR GH LQIRUPDomR� SURFHVVDPHQWR GH OLQJXDJHP QD�

WXUDO� ZHE FUDZOLQJ
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� %DFNJURXQG �
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����� ,QIRUPDWLRQ 5HWULHYDO � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 6HDUFK (QJLQHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� :HE &UDZOHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� 7\SHV RI :HE &UDZOHUV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6HOHFWLRQ RI WKH :HE &UDZOHU·V 7\SH � � � � � � � � � � � � � � � � � � � � � ��

����� :HE &UDZOLQJ 3ROLFLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� :HE &UDZOLQJ &KDOOHQJHV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QIRUPDWLRQ 3URFHVVLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� +70/ 3DUVLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7H[W 6HJPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7H[W &ODVVLILFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &KDWERW $SSOLFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &KDWERW &ODVVLILFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $SSURDFKHV WR &KDWERW 'HYHORSPHQW � � � � � � � � � � � � � � � � � � � � ��
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����� 6HOHFWLRQ RI &KDWERW 'HYHORSPHQW $SSURDFK � � � � � � � � � � � � � � � � ��

� 6\VWHPDWLF /LWHUDWXUH 5HYLHZ ��

��� 0HWKRGRORJ\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HVHDUFK 4XHVWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� :HE &UDZOLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &KDWERW 'HYHORSPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� /LWHUDWXUH 6RXUFHV DQG 6HDUFK 6WULQJV � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QFOXVLRQ DQG ([FOXVLRQ &ULWHULD � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6WXGLHV 6HOHFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 4XDOLW\ $VVHVVPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'DWD ([WUDFWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'DWD 6\QWKHVLV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WXGLHV 2YHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVHDUFK 4XHVWLRQV )LQGLQJV � � � � � � � � � � � � � � � � � � � � � � � � ��

��� /LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� &RQFOXVLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� $UFKLWHFWXUH DQG 6ROXWLRQ 'HVLJQ ��

��� 6\VWHP 2YHUYLHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� :HE &UDZOHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7H[W 3URFHVVRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &KDWERW $SSOLFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 6\VWHP ,PSOHPHQWDWLRQ ��

��� :HE &UDZOHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6FULSWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $&+( &RQILJXUDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 0RGHOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([HFXWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7H[W 3URFHVVRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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RI FDVHV LQWHUQDWLRQDOO\ �9HODYDQ DQG 0H\HU� ������

<XNL HW DO� ������ VWDWH WKDW WKH RXWEUHDN RI 6$56�&R9�� RULJLQDOO\ VWDUWHG YLD D ]RRQRWLF WUDQVPLVVLRQ

DVVRFLDWHG ZLWK WKH VHDIRRG PDUNHW LQ :XKDQ� &KLQD� /DWHU LW ZDV UHFRJQL]HG WKDW KXPDQ�WR�KXPDQ WUDQV�

PLVVLRQ SOD\HG D PDMRU UROH LQ WKH VXEVHTXHQW RXWEUHDN� 7KH GLVHDVH FDXVHG E\ WKH DIRUHPHQWLRQHG YLUXV

ZDV QDPHG &29,'��� �&RURQDYLUXV 'LVHDVH ��� DQG LW DIIHFWV PRVWO\ WKH UHVSLUDWRU\ V\VWHP� 6\PSWRPV

RI WKH GLVHDVH LQFOXGH IHYHU� GU\ FRXJK� G\VSQHD �VKRUW RI EUHDWK�� KHDGDFKHV� YRPLWLQJ DQG GLDUUKHD�

+RZHYHU� WKH LQLWLDO FOLQLFDO VLJQ RI WKH 6$56�&R9���UHODWHG GLVHDVH ZKLFK DOORZHG FDVH GHWHFWLRQ ZDV

SQHXPRQLD�

7KH WUDQVPLVVLRQ RI WKH YLUXV IURP KXPDQ WR KXPDQ RFFXUV WKURXJK FRXJKLQJ� VQHH]LQJ� DQG WKH

VSUHDG RI UHVSLUDWRU\ GURSOHWV RU DHURVROV� DV ZHOO DV WKURXJK LQGLUHFW FRQWDFW �FRQWDPLQDWHG REMHFWV DQG

DLUERUQH FRQWDJLRQ� �/RWIL HW DO�� ������

+RZHYHU� WKH JHQHUDO LJQRUDQFH DQG LQLWLDO GLVUHJDUG RI WKH GLVHDVH OHG WR LWV ZLGH�VSUHDGLQJ� LQFDSDF�

LWDWLQJ KHDOWK V\VWHPV WR WUHDW DOO WKH GLVHDVHG� JURZLQJ WKLV ZD\ WKH QXPEHU RI IDWDOLWLHV UHODWHG WR WKH

&29,'���� ,Q )LJXUH ��� �H[WUDFWHG IURP :+2 &RURQDYLUXV �&29,'���� 'DVKERDUG�� WKH HYROXWLRQ RI WKH

QXPEHUV RI FDVHV DQG GHDWKV ZRUOGZLGH LV SUHVHQWHG�

�
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)LJXUH ���� (YROXWLRQ RI &29,'��� FDVHV DQG GHDWKV ZRUOGZLGH �:+2 &RURQDYLUXV �&29,'���� 'DVKERDUG�

:LWK WKH SUROLIHUDWLRQ RI VRFLDO QHWZRUNV� DQ LQFUHDVLQJ DPRXQW RI IDNH QHZV DQG IDNH LQIRUPDWLRQ

LV EHLQJ SUHVHQWHG WR SHRSOH HYHU\ GD\ DW HYHU\ VHFRQG� %HWZHHQ ���� DQG ����� ��� RI WKH PHGLFDO

QHZV VKDUHG RQ VRFLDO PHGLD FRQWDLQHG PLVLQIRUPDWLRQ �:DV]DN HW DO�� ������ 7KLV SKHQRPHQRQ FRXOG EH

ZHOO FRQILUPHG GXULQJ WKH &29,'��� SDQGHPLF �1DHHP DQG %KDWWL� ������ ZKHUH PLVOHDGLQJ LQIRUPDWLRQ

VSUHDG OLNH ZLOGILUH� ,Q RUGHU WR FODULI\ GRXEWV DQG WR YHULI\ WKH LQIRUPDWLRQ UHDG RQ WKH LQWHUQHW� SHRSOH

FDQ FRQWDFW WKH +HDOWK 6HUYLFHV �H�J� 616��� 3RUWXJDO·V +HDOWK 6HUYLFHV· FRQWDFW FHQWHU�� WKXV FRQJHVWLQJ

WKHP DQG OHDGLQJ WR WKH LQDELOLW\ WR WUHDW PRUH XUJHQW PHGLFDO LVVXHV�

&KDWERWV FDQ EH XVHG WR UHOLHYH WKLV FRQJHVWLRQ� DOORZLQJ SHRSOH WR HDVLO\ JHW DQ DQVZHU IRU WKHLU

TXHVWLRQV ZLWKRXW WKH LQWHUYHQWLRQ RI DQRWKHU KXPDQ DJHQW� XVXDOO\ D GRFWRU RU D QXUVH �'DOH� ������

+RZHYHU� FKDWERWV QHHG WR EH IHG ZLWK UHOLDEOH DQG WUXVWZRUWK\ LQIRUPDWLRQ IURP UHQRZQHG VRXUFHV� LQ

RUGHU WR PLWLJDWH WKH IDNH LQIRUPDWLRQ GLVVHPLQDWLRQ� 7KLV ZD\� WKH SURSRVHG ZRUN ZRXOG EH FRPSRVHG RI

WKUHH SDUWV�

�� 5HOLDEOH ,QIRUPDWLRQ *DWKHULQJ� WH[WXDO LQIRUPDWLRQ ZLOO EH UHWULHYHG E\ D ZHE FUDZOHU WKURXJK UHOLDEOH

VRXUFHV�

�� ,QIRUPDWLRQ 3URFHVVLQJ� LQIRUPDWLRQ FROOHFWHG E\ WKH FUDZOHU PXVW EH WUHDWHG XVLQJ WH[W VHJPHQWHUV

DQG FODVVLILHUV�

�� &KDWERW 'HYHORSPHQW� LPSOHPHQWDWLRQ RI DQ LQWHOOLJHQW FRQYHUVDWLRQ DJHQW WKDW SURYLGHV DQVZHUV

WR WKH XVHUV· TXHVWLRQV�

%\ JURXSLQJ DOO WKH WKUHH SDUWV� DQ DSSOLFDWLRQ ZLWKRXW DQ\ SUHYLRXV GDWD FDQ DQVZHU WKH JLYHQ TXHV�

WLRQV� SDUVLQJ WKH WH[W DFFRUGLQJO\ DQG SURYLGLQJ WKH ULJKW UHOLDEOH LQIRUPDWLRQ WKDW ZDV JDWKHUHG RU UHGL�

UHFWLQJ WR D PRUH FRPSOHWH VRXUFH�

2GKLDPER DQG 2NXQJX ������ LGHQWLILHG WKH QHHG IRU WUXVWHG SXEOLF KHDOWK LQIRUPDWLRQ VRXUFHV DV

RQH RI WKH WRS �� &29,'��� UHVHDUFK WRSLFV DQG DUHDV� DV ZHOO DV WKH FUHDWLRQ RI GDWDVHWV UHODWHG WR WKH

GLVHDVH� 7KLV ZRUN LV WKXV DQ LQWHUHVWLQJ FRQWULEXWLRQ WR ERWK WRSLFV� SURYLGLQJ DQ DSSOLFDWLRQ WKDW SURYLGHV

WUXVWZRUWK\ LQIRUPDWLRQ DQG FUHDWLQJ D GDWDVHW IRU WKDW SXUSRVH�

�
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��� 2EMHFWLYHV

7KH SXUSRVH RI WKLV UHVHDUFK LV WR VHW WKH IRXQGDWLRQV IRU WKH LPSOHPHQWDWLRQ RI D &KDWERW IHG E\ UHOLDEOH

LQIRUPDWLRQ LQ RUGHU WR DQVZHU SHRSOH·V TXHVWLRQV DERXW WKH &29,'��� GLVHDVH�

7KHUH DUH VHYHUDO ZHE FUDZOLQJ DSSURDFKHV DQG WRROV� DQG WKLV ZRUN PHDQV SUHVHQWLQJ D UHYLHZ RI

WKHP� ZKLOH DOVR PHQWLRQLQJ VRPH RI WKH DYDLODEOH WRROV WR H[WUDFW LQIRUPDWLRQ IURP ZHE SDJHV�

7KH VDPH DSSOLHV WR WKH LQIRUPDWLRQ SURFHVVLQJ VWHS� VHYHUDO PHWKRGRORJLHV IRU WH[W VHJPHQWDWLRQ�

FODVVLILFDWLRQ DQG VXPPDUL]DWLRQ DUH DYDLODEOH LQ WKH OLWHUDWXUH�

:KHQ LW FRPHV WR FKDWERWV� WKHUH DUH DSSOLFDWLRQV XVLQJ GLIIHUHQW DOJRULWKPV� 6RPH PDNH XVH RI PD�

FKLQH OHDUQLQJ DQG GHHS OHDUQLQJ� JHQHUDWLQJ UHVSRQVHV EDVHG RQ DQ LQWHOOLJHQW DOJRULWKP� ZKLOH RWKHUV

UHO\ RQ SUHGHILQHG UXOHV WR IHWFK WKH DQVZHUV IRU HDFK TXHVWLRQ�

,Q RUGHU WR UHYLHZ WKH H[LVWLQJ PRGHUQ DSSURDFKHV WR HDFK RI WKH PHQWLRQHG WKHPDWLFV� D 6\VWHPDWLF

/LWHUDWXUH 5HYLHZ �6/5� ZLOO EH FRQGXFWHG� DOORZLQJ WKH LGHQWLILFDWLRQ RI UHOHYDQW ZRUNV LQ WKH ILHOG DQG WKH

UHSURGXFLELOLW\ RI WKH VWXG\� 7KH 6/5 ZLOO EH DSSOLHG WR HDFK RI WKH DSSOLFDWLRQ·V SDUWV� VWDWHG SUHYLRXVO\�

%HIRUH WKLV UHYLHZ� D EDFNJURXQG RYHUYLHZ QHHGV WR EH GRQH� KHOSLQJ WR VHW WKH UHVHDUFK TXHVWLRQV

DGGUHVVHG E\ WKH 6/5�

7KH DSSOLFDWLRQ WR EH GHYHORSHG VKRXOG IXOILOO WKH IROORZLQJ EDVLF UHTXLUHPHQWV�

� 7KH DSSOLFDWLRQ VKRXOG EH DYDLODEOH DV D ZHE RU PRELOH DSSOLFDWLRQ�

� 7KH DSSOLFDWLRQ VKRXOG EH D FKDWERW� SURYLGLQJ DQVZHUV WKDW DUH JUDPPDWLFDOO\ FRUUHFW DQG FRKHUHQW�

� *LYHQ XVHUV· TXHVWLRQV DERXW &29,'���� WKH DSSOLFDWLRQ VKRXOG DQVZHU WKHP FRUUHFWO\ DQG DVN WKH

XVHU IRU IHHGEDFN�

� 7KH NQRZOHGJH EDVH VKRXOG EH FRQVWUXFWHG IURP UHOLDEOH DQG WUXVWZRUWK\ VRXUFHV RI LQIRUPDWLRQ�

� 7KH DSSOLFDWLRQ VKRXOG ZRUN ZLWK ERWK (QJOLVK DQG 3RUWXJXHVH ODQJXDJHV�

��� $FKLHYHPHQWV

7KH DSSOLFDWLRQ GHYHORSHG LQ WKLV ZRUN ZDV D FKDWERW PDGH DYDLODEOH WR WKH XVHUV DV D ZHE DSSOLFDWLRQ

DQG ZLWK LWV NQRZOHGJH EDVH EXLOW XSRQ LQIRUPDWLRQ H[WUDFWHG IURP UHOLDEOH VRXUFHV OLNH JRYHUQPHQWDO RU

RUJDQL]DWLRQDO ZHE SDJHV� H�J� WKH :RUOG +HDOWK 2UJDQL]DWLRQ DQG WKH 3RUWXJXHVH +HDOWK 0LQLVWU\ ZHEVLWHV�

7KH DSSOLFDWLRQ ZRUNV LQ ERWK (QJOLVK DQG 3RUWXJXHVH� 7KLV LV GRQH E\ KDYLQJ WZR VHWV RI UHOLDEOH

VRXUFHV� IURP ZKLFK WKH SDJHV ZLOO EH GRZQORDGHG� WKXV EXLOGLQJ DQ (QJOLVK DQG D 3RUWXJXHVH NQRZOHGJH

EDVHV� $OVR� D VHFRQG %(57 PRGHO ZDV WUDLQHG XVLQJ D WUDQVODWHG YHUVLRQ RI WKH GDWDVHW 64X$' ����

7KH FRUUHFW YHUVLRQ RI WKH %(57 PRGHO LV XVHG DFFRUGLQJ WR WKH GHILQHG ZHE EURZVHU·V ODQJXDJH XVHG WR

FRQQHFW WR WKH ZHE LQWHUIDFH�

+RZHYHU� WKHUH DUH VRPH IODZV DQG GUDZEDFNV ZKHQ LW FRPHV WR WKH TXDOLW\ RI WKH DQVZHUV SURYLGHG�

)UHTXHQWO\� WKH\ DUH LQFRPSOHWH RU LQFRUUHFW� PLVOHDGLQJ WKH XVHUV� 7KLV LV GXH WR PDQ\ SRVVLEOH IDFWRUV� EXW

�
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WKH RQHV ZH FRXOG LGHQWLI\ GLUHFWO\ ZHUH WKH IDFW WKDW WKH PRGHO ZDV H[WUDFWLQJ WKH DQVZHUV IURP TXHVWLRQV

LQ D )$4 ZHE SDJH� LQVWHDG RI WKH DQVZHUV WKHPVHOYHV� 2Q WKH RWKHU KDQG� WKH\ DUH JUDPPDWLFDOO\ FRUUHFW

DQG FRKHUHQW VLQFH WKH\ DUH H[WUDFWHG GLUHFWO\ IURP WKH RULJLQDO WH[W�

,Q FRQFOXVLRQ� PRVW RI WKH UHTXLUHPHQWV ZHUH DFKLHYHG� DOWKRXJK WKH DQVZHUV· TXDOLW\ ZDV QRW WKH

H[SHFWHG DQG UHTXLUHG� DV PHQWLRQHG EHIRUH� 7KH RQO\ UHTXLUHPHQW WKDW ZDV QRW GHYHORSHG ZDV WKH UHTXHVW

IRU XVHU IHHGEDFN� DV LW ZDV QRW GHHPHG DQ HVVHQWLDO IHDWXUH�

��� 'RFXPHQW 6WUXFWXUH

7KH SUHVHQW ZRUN LV VWUXFWXUHG DV IROORZV�

� $IWHU WKH SUHVHQW LQWURGXFWRU\ FKDSWHU� FRPHV WKH 6WDWH RI WKH $UW� ZKHUH DQ RYHUYLHZ RI WKH WKH�

PDWLFV �ZHE FUDZOLQJ� LQIRUPDWLRQ SURFHVVLQJ DQG FKDWERW DSSOLFDWLRQ� LV SUHVHQWHG �&KDSWHU ���

IROORZHG E\ WKH FRQGXFWHG 6/5 �&KDSWHU ���

� 7KHQ� WKH $UFKLWHFWXUH DQG 6ROXWLRQ 'HVLJQ RI WKH SURSRVHG DSSOLFDWLRQ �&KDSWHU ��� ZKHUH WKH

V\VWHP RYHUYLHZ RI WKH DSSOLFDWLRQ DQG WKH DUFKLWHFWXUHV IRU LWV FRPSRQHQWV�

� 7KLV LV IROORZHG E\ WKH ,PSOHPHQWDWLRQ VWHSV �&KDSWHU ��� ZKHUH WKH GHYHORSPHQW RI WKH DSSOLFDWLRQ

DQG HDFK RI LWV PRGXOHV DUH GHVFULEHG� DV ZHOO DV WKH PXOWLSOH LVVXHV IDFHG DQG KRZ ZH RYHUFDPH

WKHP�

� :LWK WKH DSSOLFDWLRQ DOUHDG\ LPSOHPHQWHG� WKH 7HVWV DQG 7XQLQJ PDGH WR LW LQ RUGHU WR GRFXPHQW

WKH RXWFRPHV DQG LPSURYH WKH UHVXOWV DUH VKRZQ �&KDSWHU ���

� $W ODVW� WKH &RQFOXVLRQV RI WKLV ZRUN DUH SUHVHQWHG �&KDSWHU ��� PDNLQJ DQ RYHUYLHZ RI WKH ZKROH

ZRUN DQG GRFXPHQWLQJ VRPH LPSURYHPHQWV WKDW FRXOG EH GHYHORSHG DV IXWXUH ZRUN�

�
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7KLV FKDSWHU VHWV WKH IRXQGDWLRQV IRU WKH ZDQWHG DSSOLFDWLRQ� E\ SURYLGLQJ DQ RYHUYLHZ RI WKH GLIIHUHQW

WKHPDWLFV FRQWHPSODWHG LQ WKLV ZRUN� 7KHUHIRUH� D OLVW RI UHOLDEOH VRXUFHV LV SUHVHQWHG� DORQJ ZLWK WKH

ILUVW LQYHVWLJDWLRQ RQ ZHE FUDZOHUV� LQIRUPDWLRQ SURFHVVLQJ DQG FKDWERW GHYHORSPHQW� 7KLV FKDSWHU LV D

SUHOLPLQDU\ VWXG\ WR VHW WKH EDVLV RI WKH 6/5�

��� &29,'��� 5HOLDEOH 6RXUFHV

*LYHQ WKH IDFW WKDW ZH DUH FXUUHQWO\ IDFLQJ DQ LQIRGHPLF� DV VDLG E\ &LQHOOL HW DO� ������� ZKHUH PLVLQ�

IRUPDWLRQ DERXW &29,'��� LV GDPDJLQJ QRW RQO\ SHRSOH·V OLYHV EXW DOVR JRYHUQPHQW DFWLRQV WR ILJKW WKH

SDQGHPLF�

$V DQ H[DPSOH� ZKHQ &11 DQWLFLSDWHG WKH /RPEDUG\ �,WDO\� ORFNGRZQ DQG LWV LQKDELWDQWV FURZGHG WKH

SXEOLF WUDQVSRUWV WR HVFDSH WKH UHJLRQ� 7KLV KDSSHQHG EHIRUH LW ZDV RIILFLDOO\ FRPPXQLFDWHG DQG SRWHQWLDOO\

LQFUHDVLQJ WKH VSUHDGLQJ RI WKH YLUXV�

,W LV YHU\ LPSRUWDQW WR XVH WKH LQIRUPDWLRQ SURYLGHG IURP DFFUHGLWHG DQG FHUWLILHG VRXUFHV� LQ RUGHU WR

PDNH VXUH LW LV UHOLDEOH DQG WUXVWZRUWK\� DV ZHOO DV EHLQJ VFLHQWLILFDOO\ FRPSURYHG�

7R DLG WKH LGHQWLILFDWLRQ RI UHOLDEOH VRXUFHV DQG ILJKWLQJ WKH LQIRGHPLF� 6KDKL DQG 1DQGLQL ������

GHYHORSHG D GDWDVHW WR KHOS LGHQWLI\LQJ IDNH QHZV UHODWHG WR &29,'���� GXH WR WKH GLVHDVH EHLQJ WKH ELJJHVW

FKDOOHQJH IDFW�FKHFNHUV KDYH HYHU IDFHG �%UHQQHQ HW DO�� ������

2Q WKH RWKHU KDQG� WKH UHFRPPHQGHG LQIRUPDWLRQ VRXUFHV DUH WKH :+2 DQG WKH &HQWHUV IRU 'LVHDVH

&RQWURO DQG 3UHYHQWLRQ �&'&�� DFFRUGLQJ WR &DUYHU DQG 3KLOOLSV ������� DV ZHOO DV JRYHUQPHQWDO DQG SXEOLF

KHDOWK RUJDQL]DWLRQV LQ JHQHUDO� DFFRUGLQJ WR 5RFKZHUJ HW DO� �������

7KHUHIRUH� D OLVW RI UHOLDEOH ZHEVLWHV ZDV EXLOW ERWK IRU (QJOLVK DQG 3RUWXJXHVH ODQJXDJHV�

(QJOLVK VRXUFHV

�
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�� :+2� ZZZ�ZKR�LQW�HPHUJHQFLHV�GLVHDVHV�QRYHO�FRURQDYLUXV�����

�� &'&� ZZZ�FGF�JRY�FRURQDYLUXV������QFRY

�� 1+6 �8.�� ZZZ�QKV�XN�FRQGLWLRQV�FRURQDYLUXV�FRYLG���

�� (&'&� ZZZ�HFGF�HXURSD�HX�HQ�FRURQDYLUXV

3RUWXJXHVH VRXUFHV

�� 3RUWXJXHVH +HDOWK 0LQLVWU\� FRYLG���PLQ�VDXGH�SW

�� 3RUWXJXHVH *RYHUQPHQW� FRYLG��HVWDPRVRQ�JRY�SW

��� :HE &UDZOLQJ

,Q WKH PRGHUQ HUD RI WHFKQRORJ\� WKH ,QWHUQHW KDV H[SHULHQFHG H[SORVLYH JURZWK� ZLWK KXJH DPRXQWV RI LQ�

IRUPDWLRQ EHLQJ VWRUHG DQG VRXJKW HDFK VHFRQG� :LWKRXW D SURSHU PHWKRGRORJ\ RI LQGH[LQJ DQG VHDUFKLQJ�

LW ZRXOG EH H[WUHPHO\ LQHIILFLHQW DQG FRPSOLFDWHG WR REWDLQ WKH LQIRUPDWLRQ QHHGHG� 7KH XVHUV ZRXOG QHHG

WR NQRZ WKH VSHFLILF VWRULQJ DGGUHVV RI WKH GRFXPHQWV WKH\ ZDQWHG RU QDYLJDWH IURP OLQN WR OLQN XQWLO ILQGLQJ

ZKDW WKH\ ZDQWHG� 7R VROYH WKLV LVVXH� VHDUFK HQJLQHV ZHUH GHYHORSHG WR HDVH WKH SURFHVV RI IHWFKLQJ WKH

UHTXLUHG GDWD ZLWK D IHZ FOLFNV�

����� ,QIRUPDWLRQ 5HWULHYDO

7KH SUREOHP RI REWDLQLQJ LQIRUPDWLRQ IURP D KXJH GDWD VRXUFH OLHV XQGHU WKH VFRSH RI ,QIRUPDWLRQ 5HWULHYDO

�,5�� WKH DFWLYLW\ RI REWDLQLQJ LQIRUPDWLRQ IURP D QXPEHU RI LQIRUPDWLRQDO UHVRXUFHV� 6DLQL DQG $URUD ������

VWDWH WKDW ,5 FDQ EH GLYLGHG LQ WZR DSSURDFKHV� WKH WUDGLWLRQDO DQG WKH DXWRPDWHG� DV VHHQ LQ )LJXUH ����

7KH WUDGLWLRQDO ,5 V\VWHPV DUH LQGH[�WHUP EDVHG VHDUFK PRGHOV� ZKLFK DUH GLYLGHG LQWR WKUHH SULPDU\

FDWHJRULHV� DFFRUGLQJ WR WKH VXUYH\ FRQGXFWHG E\ 'RQJ HW DO� �������

� WKHRUHWLF� ERROHDQ� FDVH�EDVHG UHDVRQLQJ �&%5�� IX]]\ VHW DQG H[WHQGHG ERROHDQ PRGHOV

� DOJHEUDLF� YHFWRU VSDFH �960�� JHQHUDOL]HG YHFWRU VSDFH� ODWHQW VHPDQWLF LQGH[LQJ �/6,� DQG QHXUDO

QHWZRUN PRGHOV �$11�

� SUREDELOLVWLF� LQIHUHQFH QHWZRUN� EULHI QHWZRUN DQG SUREDELOLVWLF PRGHOV

7R GHFUHDVH WKH LQIRUPDWLRQ RYHUORDG FDXVHG E\ WKH WUHPHQGRXV H[SORVLRQ LQ WKH DPRXQW RI XQVWUXF�

WXUHG GDWD� ERWK LQWHUQDO� FRUSRUDWH GRFXPHQW FROOHFWLRQV� DQG WKH LPPHQVH DQG JURZLQJ QXPEHU RI GRFX�

PHQW VRXUFHV RQ WKH ,QWHUQHW� WKH QHHG IRU HIIHFWLYH PHWKRGV RI DXWRPDWHG ,5 KDV JURZQ LQ LPSRUWDQFH� DV

VXVWDLQHG E\ *UHHQJUDVV ������� VLQFH WKH WUDGLWLRQDO ,5 PHWKRGRORJLHV ZHUH XVXDOO\ DSSOLHG ZLWKLQ VPDOO�

FRQWUROOHG DQG QRQ�OLQNHG FROOHFWLRQV RI GRFXPHQWV� 7KHVH DXWRPDWHG DSSURDFKHV KDYH EHHQ PRGHOHG

DIWHU WKH WUDGLWLRQDO VHDUFK V\VWHPV DQG DUH XVHG LQ�

�

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.nhs.uk/conditions/coronavirus-covid-19/
https://www.ecdc.europa.eu/en/coronavirus
https://covid19.min-saude.pt/
https://covid19estamoson.gov.pt/


&+$37(5 �� %$&.*5281'

� ZHE FUDZOLQJ� GRZQORDGV ZHE SDJHV IRU IXUWKHU SURFHVVLQJ E\ VHDUFK HQJLQHV IRU LQGH[LQJ WKH YLVLWHG

SDJHV

� LQGH[LQJ� DOORZV FRQWHQW H[WUDFWLRQ

� TXHU\LQJ ODQJXDJHV� LQFOXGLQJ TXHU\ V\QWD[HV VXFK DV ERROHDQ TXHULHV� QDWXUDO ODQJXDJH TXHULHV�

SKUDVDO TXHULHV� SUR[LPLW\ TXHULHV DQG SDWWHUQV PDWFKLQJ

� GDWD PLQLQJ� H[WUDFWV XVHIXO DQG PHDQLQJIXO GDWD� XQFRYHULQJ KLGGHQ UHODWLRQVKLSV DPRQJ LW

� PDFKLQH OHDUQLQJ� KHOSV VROYH FRPSOH[ DQG FKDOOHQJLQJ SUREOHPV WKURXJK VWDWLVWLFDO QDWXUDO ODQ�

JXDJH SURFHVVLQJ DQG LQIRUPDWLRQ UHWULHYDO

6HDUFK HQJLQHV FDQ EH GHVFULEHG DV LPSRUWDQW WRROV WKDW DOORZ XVHUV WR WDNH DGYDQWDJH RI DXWRPDWHG

LQIRUPDWLRQ UHWULHYDO�

)LJXUH ���� &DWHJRUL]DWLRQ RI LQIRUPDWLRQ UHWULHYDO DSSURDFKHV �DGDSWHG IURP 6DLQL DQG $URUD �������

����� 6HDUFK (QJLQHV

$V VWDWHG SUHYLRXVO\� D ERRP RI LQIRUPDWLRQ KDV IORRGHG WKH :RUOG :LGH :HE �:::�� DQG ZLWKRXW WKH

VHDUFK HQJLQHV WKH SURFHVV RI ILQGLQJ LQIRUPDWLRQ LV VLPLODU WR VHHNLQJ D QHHGOH LQ D KD\VWDFN �.XPDU

HW DO�� ������ VR WKH\ EHFDPH DQ HVVHQWLDO DQG LQGLVSHQVDEOH SDUW RI RXU GLJLWDO OLYHV� $ VHDUFK HQJLQH KDV

WKUHH SULPDU\ FRPSRQHQWV�

� :HE FUDZOHU� DQ DSSOLFDWLRQ WKDW NHHSV WUDYHUVLQJ WKH ZHE DQG JDWKHULQJ WKH QXPHURXV VRXUFHV DQG

LQIRUPDWLRQ

� ,QGH[HU� ZKLFK� DV WKH QDPH LQGLFDWHV� LQGH[HV WKH GDWD JDWKHUHG E\ WKH FUDZOHU DQG DOORZV WKH GDWD

WR EH FRUUHFWO\ GHOLYHUHG IRU D JLYHQ TXHU\

�
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� 6HDUFKLQJ�UDQNLQJ DOJRULWKP� WKDW PDNHV LW SRVVLEOH WR GHOLYHU WKH EHVW UHVXOWV IRU WKH XVHUV· TXHULHV�

RUGHUHG E\ UHOHYDQFH�

)LJXUH ���� *HQHUDO VHDUFK HQJLQH DUFKLWHFWXUH �$UDVX HW DO� �������

+RZHYHU� $UDVX HW DO� ������ SUHVHQWV D PRUH FRPSOH[ DQG FRPSOHWH JHQHUDO DUFKLWHFWXUH� VHHQ LQ

)LJXUH ����

(YHU\ HQJLQH KDV LWV IRXQGDWLRQ RQ D FUDZOHU� WKDW EURZVHV WKH ZHE IURP D JLYHQ VWDUW VHW RI 85/V DQG

IHWFKHV WKH 85/V LQVLGH WKH UHWULHYHG SDJHV�

7KHQ� WKH 85/V DUH SDVVHG WR WKH FUDZO FRQWURO PRGXOH� ZKLFK GHFLGHV ZKDW OLQNV WR YLVLW QH[W DQG

SDVVLQJ WKHP DJDLQ WR WKH FUDZOHU�

7KH FUDZOHUV DOVR SURYLGH WKH GRZQORDGHG ZHE SDJHV WR WKH SDJH UHSRVLWRU\� 7KH LQGH[HU DQG FROOHFWLRQ

DQDO\VLV PRGXOHV WKHQ JHQHUDWH D ORRNXS WDEOH IURP WKH ZRUGV H[LVWHQW LQ HDFK SDJH RI WKH SDJH UHSRVLWRU\�

7KH TXHU\ HQJLQH LV UHVSRQVLEOH IRU SURFHVVLQJ WKH XVHUV· VHDUFK UHTXHVWV� UHO\LQJ KHDYLO\ RQ WKH

LQGH[HV JHQHUDWHG E\ WKH SUHYLRXVO\ PHQWLRQHG PRGXOHV WR SURYLGH WKH ULJKW UHVXOWV� ZKLFK DUH RUGHUHG E\

UHOHYDQFH WKURXJK WKH UDQNLQJ PRGXOH�

6LQFH WKH IRFXV RI WKLV ZRUN LV WKH GHYHORSPHQW RI DQ DSSOLFDWLRQ WKDW� JLYHQ D VHW RI 85/V UHSUHVHQWLQJ

D UHOLDEOH VRXUFH GDWDEDVH� FDQ IHWFK WKH PD[LPXP RI UHODWHG DQG UHOHYDQW LQIRUPDWLRQ DERXW &29,'����

ZH ZLOO IRFXV RQ WKH FUDZOHU DQG FUDZO FRQWURO PRGXOHV�

:H ZLOO PHUJH ERWK PRGXOHV DQG UHIHU WR WKHP DV :HE &UDZOHU IURP QRZ RQ�

����� :HE &UDZOHU

*XSWD DQG $QDQG ������ SURYLGHG D FOHDU DQG FRQFLVH GHILQLWLRQ RI ZHE FUDZOLQJ�

�
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,W LV WKH DXWRPDWHG WUDYHUVDO RI WKH ZHE WR FROOHFW DOO WKH XVHIXO LQIRUPDWLYH SDJHV� HIIHFWLYHO\ DQG

HIILFLHQWO\ LQ RUGHU WR JDWKHU LQIRUPDWLRQ DERXW OLQN VWUXFWXUH LQWHUFRQQHFWLQJ WKRVH LQIRUPDWLYH SDJHV�

8VXDOO\� VHDUFK HQJLQHV UHTXLUH ZHE FUDZOHUV �DOVR NQRZQ DV VSLGHUV� WR GLVFRYHU SDJHV FRQWLQXRXVO\�

LQ DQ DWWHPSW WR WU\ WR DQVZHU DOO WKH XVHUV· TXHULHV�

7KLV DSSURDFK LV FDOOHG E\ .XPDU HW DO� ������ DV XQLYHUVDO RU EURDG FUDZOHUV� ZKLFK NHHS RQ IROORZLQJ

OLQNV HQGOHVVO\ DQG JHWWLQJ DOO WKH SDJHV HQFRXQWHUHG� ZLWKRXW OLPLWLQJ WKHP WR D FHUWDLQ WRSLF RU GRPDLQ�

%HVLGHV EURDG FUDZOHUV� .XPDU HW DO� ������ VWDWH WKDW WKHUH ZDV QR VWDQGDUG WD[RQRP\ IRU ZHE

FUDZOHUV LQ WKH OLWHUDWXUH DW WKDW PRPHQW� EXW WKDW ZH FRXOG QHYHUWKHOHVV GLYLGH WKHP LQ VHYHUDO W\SHV

DQG SXUSRVHV� SUHIHUHQWLDO� KLGGHQ ZHE� PRELOH DQG FRQWLQXRXV�LQFUHPHQWDO FUDZOHUV�

)LJXUH ���� %DVLF :HE &UDZOHU DUFKLWHFWXUH DQG EHKDYLRXU

$OO WKH VDPH� WKH\ VKDUH D EDVLF FRPPRQ DUFKLWHFWXUH� ZLWK GLIIHUHQFHV EHWZHHQ WKHP� EXW ZLWK WKH

VDPH IRXQGDWLRQV� $ ZHE FUDZOHU LV FRPSRVHG RI�

� 6WDUW VHW RI 85/V � WKLV LV WKH VHHG RI WKH FUDZOLQJ SURFHVV� ZKLFK PHDQV WKH FUDZOHU ZLOO VWDUW

GRZQORDGLQJ WKHP DQG H[WUDFWLQJ WKH 85/V IURP WKHVH VHW DQG DGGLQJ WKHP WR WKH 85/ OLVW

� 'RZQORDGHU � ZKLFK GRZQORDGV WKH SDJHV DQG DGGV WKHP WR WKH ORFDO UHSRVLWRU\ DV ZHOO DV PDUNLQJ

WKH 85/ DV YLVLWHG

� 85/ H[WUDFWRU � D FRPSRQHQW WKDW JLYHQ D ZHE SDJH H[WUDFWV WKH 85/V SUHVHQW LQ LW DQG DGGV WKHP

WR WKH TXHXH

� 85/ TXHXH � FRQWDLQV WKH 85/V RI WKH SDJHV \HW WR EH FUDZOHG

� /RFDO UHSRVLWRU\ � VWRUHV WKH GRZQORDGHG SDJHV� WR EH ODWHU SURFHVVHG E\ DQRWKHU DSSOLFDWLRQ �RU

PRGXOH� RXWVLGH WKH FUDZOHU�

�
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%\ LQWHJUDWLQJ DOO WKH SUHYLRXV SDUWV� ZH REWDLQ D IXQFWLRQDO ZHE FUDZOHU WKDW RQO\ VWRSV ZKHQ DOO WKH

85/V LQ WKH TXHXH KDYH EHHQ YLVLWHG� )LJXUH ��� H[HPSOLILHV WKH PHQWLRQHG DUFKLWHFWXUH DQG IORZ�

,Q WKH QH[W VXEVHFWLRQ� WKH VHYHUDO W\SHV RI ZHE FUDZOHUV WKDW ZHUH DOUHDG\ PHQWLRQHG ZLOO EH IXUWKHU

H[SODLQHG�

����� 7\SHV RI :HE &UDZOHUV

7KH WD[RQRP\ RI ZHE FUDZOHUV SURSRVHG E\ .XPDU HW DO� ������ LV JUDSKLFDOO\ SUHVHQWHG LQ )LJXUH ����

)LJXUH ���� 7D[RQRP\ RI :HE &UDZOHUV �.XPDU HW DO� �������

7KH PHQWLRQHG W\SHV DUH GHVFULEHG EHORZ�

������� 8QLYHUVDO � %URDG &UDZOHU

7KH EURDG FUDZOHUV KDYH DOUHDG\ EHHQ SRLQWHG LQ WKLV ZRUN DV WKH VWDQGDUG W\SH RI FUDZOHUV IRU WKH XVXDO

VHDUFK HQJLQHV� 7KH\ VFDWWHU WKH ZHE LQ RUGHU WR LQGH[ DV PDQ\ SDJHV DV WKH\ FDQ� QRW GLVFDUGLQJ DQ\

SDJH GXH WR DQ\ UHDVRQ�

������� 3UHIHUHQWLDO &UDZOHU

7KLV W\SH RI FUDZOHU� DV RSSRVHG WR XQLYHUVDO FUDZOHUV� GRHV QRW FUDZO HYHU\ 85/ WKH\ FRPH DFURVV� ,QVWHDG�

WKDW RQO\ KDSSHQV ZKHQ WKH ZHE SDJH LV UHODWHG WR D JLYHQ WRSLF� VXEMHFW RU FRQGLWLRQ VXEPLWWHG E\ WKH

XVHU� .XPDU HW DO� ������ DOVR LGHQWLI\ WKUHH VXEW\SHV RI WKH SUHIHUHQWLDO FUDZOHU�

� )RFXVHG FUDZOHU� ZRUNV VLPLODUO\ WR WKH WRSLFDO YHUVLRQ� EXW DVVXPHV DOVR WKH H[LVWHQFH RI D GDWDVHW

RI ZHE SDJHV ODEHOHG DV UHOHYDQW DQG QRQ�UHOHYDQW�

� 7RSLFDO FUDZOHU� XVHG WR IHWFK LQIRUPDWLRQ RQ D VSHFLILHG WRSLF�

� )RUXP FUDZOHU� XVHG WR FUDZO RQO\ RQOLQH IRUXP FRQWHQW�

7R PDNH WKLV SRVVLEOH� WKHUH DUH VHYHUDO DSSURDFKHV WR H[HFXWH WKH ILOWHULQJ� 7KH VXUYH\ FRQGXFWHG E\

.XPDU HW DO� ������ LGHQWLILHG WKH IROORZLQJ� RUGHUHG E\ IUHTXHQF\�

��
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�� 8VLQJ VRIW FRPSXWLQJ WHFKQLTXHV� PDFKLQH OHDUQLQJ DOJRULWKPV DUH XVHG WR FODVVLI\ D ZHE SDJH

DQG GHWHUPLQH LI LW EHORQJV WR WKH ZDQWHG WRSLF� )RU H[DPSOH� QHXUDO QHWZRUNV DUH XVHG WR OHDUQ WKH

SDJH·V FKDUDFWHULVWLFV DQG GHFLGH LWV UHOHYDQFH� EXW PDQ\ RWKHU DOJRULWKPV DQG WHFKQLTXHV DUH

HPSOR\HG� VXFK DV FOXVWHULQJ �H�J� IRUPDO FRQFHSW DQDO\VLV�� JHQHWLF DOJRULWKPV� RQWRORJ\�EDVHG RU

+LGGHQ 0DUNRY 0RGHOV �+00��

�� $SSOLFDWLRQ�EDVHG� FUDZOHUV GHYHORSHG IRU D VSHFLILF WDVN RU DSSOLFDWLRQ� H�J� FUDZOLQJ PHGLFDO

GDWD IRU VHQWLPHQW DQDO\VLV RU VHDUFKLQJ IRU PDOLFLRXV <RX7XEH YLGHRV�

�� %DVHG RQ OLQN� WH[W DQG 85/� WKHVH FUDZOHUV XVH WKH WH[W RI WKH ZHE SDJH DQG LQ WKH 85/ IRU

GHFLGLQJ LWV UHOHYDQFH� 7KLV PHWKRGRORJ\ DOORZV WKH 85/V WR EH GLVFDUGHG ZLWKRXW GRZQORDGLQJ

WKH SDJH� E\ XVLQJ RQO\ LWV 85/� )RU H[DPSOH� D VWXG\ LV PHQWLRQHG WR XVH OLQN GLVWDQFH LQVWHDG

RI SUREDELOLW\ RU UHOHYDQFH VFRUH� $OVR� VRPH RI WKHVH PHWKRGRORJLHV DOORZ WKH FODVVLILFDWLRQ WR EH

PDGH ZLWKRXW WKH ZKROH WH[W RI WKH ZHE SDJH� E\ SDUWLWLRQLQJ LW LQ EORFNV� RU HYHQ XVLQJ WKH WH[W

DURXQG D OLQN WR VSHFXODWH LI LW LV UHOHYDQW RU QRW�

�� %DVHG RQ FRQWH[W JUDSKV� GHFLVLRQ WUHHV DQG '20� KHUH WKH :HE LV YLVXDOL]HG DV D JUDSK

RU GHFLVLRQ WUHH ZKHUH HYHU\ SDJH UHSUHVHQWV D QRGH� 7KLV PHWKRGRORJ\ OLQNV QRGHV ZLWK VLPLODU

LQWHUHVW WR HDFK RWKHU� WKXV DOORZLQJ WKH LGHQWLILFDWLRQ RI UHOHYDQW SDJHV WKURXJK WKH WD[RQRP\ RI

WRSLFV�

�� 6HPDQWLF FUDZOLQJ� FUDZOHUV LQ WKLV FDWHJRU\ H[SORLW WKH VHPDQWLFV RI WKH :HE FRQWHQW DQG XVH

VRPH RQWRORJ\ KHXULVWLFV� E\ FDOFXODWLQJ D ZHE SDJH UHOHYDQFH XVLQJ GRPDLQ NQRZOHGJH UHODWHG WR

WKH ZDQWHG WRSLF�

�� /HDUQDEOH FUDZOLQJ� ZLWK WKLV DSSURDFK� WKH FUDZOHUV QHHG WR PDLQWDLQ D FRQWLQXRXVO\ XSGDWHG

NQRZOHGJH EDVH� XVLQJ HLWKHU VXSHUYLVHG RU XQVXSHUYLVHG DOJRULWKPV IRU WKH FODVVLILFDWLRQ�

�� 7RSLF VSHFLILF� WKLV NLQG RI FUDZOHU LV XVHG WR EXLOG D UHSRVLWRU\ RI ZHE SDJHV RQ D JLYHQ WRSLF�

XVLQJ D WRSLF VLPLODULW\ WR GHWHUPLQH WKH FDWHJRU\ WKDW EHVW ILWV D SDJH�

�� 3DUDOOHO DQG GLVWULEXWHG� JLYHQ WKH ODUJH VL]H RI DYDLODEOH ZHE GRFXPHQWV� XVLQJ D SDUDOOHO DQG

GLVWULEXWHG FUDZOHU DOORZV D IDVWHU DQG OLJKWHU SURFHVVLQJ� E\ GLYLGLQJ WKH ZHE LQ VHJPHQWV DQG

DVVLJQLQJ HDFK RQH WR RQH RI WKH SDUDOOHO DJHQWV� %\ GLVWULEXWLQJ WKH FRPSXWLQJ UHVRXUFHV� HDFK

DJHQW ZLOO KDYH OHVV RYHUORDG DQG FODVVLI\ WKH SDJHV PRUH HIILFLHQWO\� ZKLFK PHDQV PRUH SDJHV

FUDZOHG LQ OHVV WLPH�

�� /DQJXDJH FODVVLILFDWLRQ�EDVHG� WKHVH FUDZOHUV DUH XVHG WR FRQVWUXFW D UHSRVLWRU\ RI ZHE SDJHV

RQ D VSHFLILF ODQJXDJH RU WRSLF FRUSRUD�

��� 7)�,')� DQG UXOH�EDVHG� 7)�,') LV D PHWULF WKDW LQGLFDWHV D ZRUG·V LPSRUWDQFH LQ D GRFXPHQW IRU

D FROOHFWLRQ RI GRFXPHQWV DQG UXOH�EDVHG FUDZOHUV XVH OLQNDJH VWDWLVWLFV DPRQJ WRSLFV� E\ EHLQJ

WUDLQHG ZLWK D SUHGHILQHG WRSLF WD[RQRP\ WR JHQHUDWH WKH UXOHV ZLWK D SUREDELOLW\ VFRUH�

��
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��� 9HUWLFDO VHDUFK HQJLQHV� WKHVH VSHFLDO VHDUFK HQJLQHV GLIIHU IURP WKH QRUPDO RQHV LQ WKH IDFW

WKDW WKH UHVXOWV REWDLQHG DUH VHOHFWHG IURP D VPDOOHU VHW RI ZHEVLWHV�

��� %DVHG RQ TXHU\� PHWDGDWD DQG NH\ZRUG� DV LW LQGLFDWHV� FUDZOHUV WKDW IROORZ WKLV PHWKRGRORJ\

XVH PHWDGDWD SUHVHQW LQ WKH ZHE SDJH WR FODVVLI\ LWV UHOHYDQFH� XVLQJ TXHULHV· NH\ZRUGV SURYLGHG

E\ WKH XVHUV IRU WUDLQLQJ DQG UHOHYDQFH IHHGEDFN�

��� /RFDWLRQ� DQG JHRJUDSKLFDO�EDVHG� WKH JRDO RI WKHVH FUDZOHUV LV WR JDWKHU WKH ZHE SDJHV UHO�

HYDQW WR WKH ORFDWLRQ �H�J� FLW\�VWDWH SDLUV� SURYLGHG E\ WKH XVHU� 7R DFKLHYH WKLV JRDO� FUDZOHUV XVH

WKH JHRVSDWLDO LQIRUPDWLRQ KLGGHQ LQ WKH SDJH·V GDWD�

��� ,QFUHPHQWDO DQG UHYLVLW SROLF\�EDVHG� WKLV PHWKRGRORJ\ WULHV WR WDFNOH WKH FUDZOLQJ GLIILFXOW\

FUHDWHG E\ WKH :HE·V G\QDPLVP DQG FRQWLQXRXVO\ FKDQJLQJ VWDWH� SURSRVLQJ D UHYLVLW SROLF\ WKDW

SURJUDPV WKH FUDZOHU WR UHFUDZO D ZHE SDJH DIWHU D VSHFLILHG SHULRG RI WLPH LI LW GHWHFWV DQ\ FKDQJH

RQ LWV WH[W RU VWUXFWXUH DQG DFW DFFRUGLQJO\� SURFHVVLQJ LW DJDLQ�

2Q WKH RWKHU KDQG� *XSWD DQG $QDQG ������ PDNH D VLPSOHU GLYLVLRQ DQG LGHQWLILFDWLRQ RI SUHIHUHQWLDO

FUDZOLQJ DSSURDFKHV� ,Q WKHLU VWXG\� WKH\ LGHQWLILHG SULRULW\�EDVHG� VWUXFWXUH�EDVHG� FRQWH[W�EDVHG� OHDUQLQJ�

EDVHG DQG RWKHU FUDZOHUV �WKLV ODVW FDWHJRU\ LQFOXGHV DOO WKH DSSURDFKHV WKDW GR QRW ILW LQ QRQH RI WKH

RWKHUV��

3ULRULW\�EDVHG FUDZOHUV VWRUH WKH H[WUDFWHG OLQNV IURP D ZHE SDJH LQ D SULRULW\ TXHXH� DFFRUGLQJ WR

WKHLU UHOHYDQFH�

6WUXFWXUH�EDVHG FUDZOHUV DUH GLYLGHG LQ WKUHH FODVVHV� WKH RQHV XVLQJ GLYLVLRQ VFRUH DQG OLQN VFRUH

DQG WKH RQHV XVLQJ D FRPELQDWLRQ RI FRQWHQW DQG OLQN VLPLODULW\� /LQN VFRUH LV FDOFXODWHG RQ WKH EDVLV RI

GLYLVLRQ VFRUH DQG DYHUDJH UHOHYDQFH VFRUH RI SDUHQW SDJHV RI D SDUWLFXODU OLQN� 'LYLVLRQ VFRUH PHDQV KRZ

PDQ\ WRSLF NH\ZRUGV EHORQJ WR WKH GLYLVLRQ LQ ZKLFK WKH SDUWLFXODU OLQN EHORQJV�

&RQWH[W�EDVHG FUDZOHUV DUH FRPSDUDEOH WR WKH SUHYLRXV DSSURDFK� ZLWK WKH GLIIHUHQFH WKDW KHUH

WKH XVHU FRQWH[W DQG HQYLURQPHQW DUH DOVR WDNHQ LQWR DFFRXQW�

$W ODVW� OHDUQLQJ�EDVHG FUDZOHUV XVH GDWDVHWV �FRPSRVHG RI IRXU UHOHYDQFH UHODWHG DWWULEXWHV� 85/

ZRUGV� DQFKRU WH[W� SDUHQW SDJH DQG VXUURXQGLQJ WH[W� WR WUDLQ FODVVLILFDWLRQ PDFKLQH OHDUQLQJ DOJRULWKPV

�OLNH 1DLYH %D\HV�� WKXV SUHGLFWLQJ WKH UHOHYDQFH RI WKH XQYLVLWHG 85/V�

*DQJXO\ DQG 5DLFK ������ GLYLGHV WKH IRFXVHG FUDZOHUV LQ GLIIHUHQW FDWHJRULHV� PHQWLRQLQJ RQWRORJ\�

EDVHG� UHLQIRUFHPHQW OHDUQLQJ� LQWHOOLJHQW DQG FRQFHSW JUDSK IRFXVHG FUDZOLQJ�

'HVSLWH WKH H[LVWLQJ GLIIHUHQFHV UHJDUGLQJ WKH FODVVLILFDWLRQ DQG GLYLVLRQ RI DSSURDFKHV� D EDVLF FRP�

PRQ DUFKLWHFWXUH IRU IRFXVHG FUDZOLQJ LV SURSRVHG E\ -RH 'KDQLWK DQG 6XUHQGLUDQ ������� DV VHHQ LQ )LJXUH

����

������� +LGGHQ :HE &UDZOHU

7KH KLGGHQ ZHE LV WKH SDUW RI WKH ZHE WKDW LV QRW UHDFKDEOH E\ IROORZLQJ WKH OLQNV LQ D ZHEVLWH� EXW RQO\

WKURXJK VRPH NLQG RI IRUP �H�J� ORJLQ� TXHU\ RU VHDUFK LQWHUIDFHV�� 7KXV� D WUDGLWLRQDO ZHE FUDZOHU FDQQRW

��
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)LJXUH ���� %DVLF $UFKLWHFWXUH IRU D )RFXVHG :HE &UDZOHU �-RH 'KDQLWK DQG 6XUHQGLUDQ �������

XVXDOO\ DFFHVV LW� VR VSHFLDO HIIRUWV DUH QHHGHG WR GR VR DQG WKH KHWHURJHQHRXV DQG G\QDPLF QDWXUH RI WKH

ZHE PDNHV LW D WRXJK FKDOOHQJH� 7KLV LV ZKHUH KLGGHQ ZHE FUDZOHUV FRPH LQWR SOD\� $FFRUGLQJ WR .XPDU HW

DO� ������� WKH XVHG DSSURDFKHV �RUGHUHG E\ IUHTXHQF\� DUH� NH\ZRUG TXHU\�EDVHG� IRUP�EDVHG� UHYLVLW SROLF\

DQG LQFUHPHQWDO� DWWULEXWH DQG ODEHO H[WUDFWLRQ� ODEHOHG YDOXH VHW�EDVHG� DQG GRPDLQ� RU WRSLF�VSHFLILF�

������� 0RELOH &UDZOHU

0RELOH FUDZOHUV WDFNOH WKH OLPLWDWLRQV RI WUDGLWLRQDO ZHE FUDZOHUV� HOLPLQDWLQJ WKH FHQWUDOL]HG GDWD DFFHVV�

ZHE SDJH ILOWHULQJ DQG LQGH[LQJ� 7KHVH W\SHV RI FUDZOHUV FDQ PRYH WKHPVHOYHV WR WKH ZHE VHUYHU WR GRZQ�

ORDG LQIRUPDWLRQ DQG FRQWHQWV DYDLODEOH RQ WKH VHUYHU� WKHUHIRUH EULQJLQJ µFRGH WR GDWDµLQVWHDG RI WKH XVXDO

µGDWD WR FRGHµ� /LNH ZLWK RWKHU W\SHV� VWXGLHV DURXQG PRELOH FUDZOHUV FDQ EH GLYLGHG LQWR FDWHJRULHV VXFK

DV IUHVKQHVV DQG UHYLVLW SROLF\�EDVHG� XVHU IHHGEDFN�EDVHG� DJHQW�EDVHG DQG RQWRORJ\�EDVHG�

������� &RQWLQXRXV � ,QFUHPHQWDO &UDZOHU

$W ODVW� .XPDU HW DO� ������ VSHFLILHG WKH FRQWLQXRXV�LQFUHPHQWDO FUDZOHU W\SH� *LYHQ WKDW WKH :HE LV

G\QDPLF DQG WKH ZHE SDJHV· GDWD LV IUHTXHQWO\ FKDQJLQJ� WKLV W\SH RI FUDZOHU LV XVHG WR PDLQWDLQ WKH

VHDUFK HQJLQHV· LQGH[ GDWDEDVH� 7KH FKDOOHQJH ZLWK LQFUHPHQWDO FUDZOHUV LV WKH WUDGH�RII EHWZHHQ UHVRXUFH

FRQVXPSWLRQ DQG ZHE SDJH IUHVKQHVV� VLQFH NHHSLQJ WKH LQIRUPDWLRQ DERXW DOO WKH ELOOLRQV RI H[LVWLQJ SDJHV

XSGDWHG UHTXLUHV D WUHPHQGRXV FRPSXWDWLRQDO HIIRUW DQG DYDLODELOLW\�

��
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����� 6HOHFWLRQ RI WKH :HE &UDZOHU·V 7\SH

6LQFH WKH SUHVHQW ZRUN·V ZHE FUDZOHU REMHFWLYH LV WR REWDLQ ZHE SDJHV UHODWHG WR &29,'��� IURP D VHOHFWHG

VHW RI UHOLDEOH VRXUFHV� WKH PRVW DGHTXDWH W\SH RI ZHE FUDZOHU LV WKH SUHIHUHQWLDO RQH� H[FOXGLQJ WKH IRUXP

FUDZOHU� *HQHUDOO\� WRSLFDO FUDZOHUV DUH LQFOXGHG LQ WKH IRFXVHG FUDZOHU FDWHJRU\�

7KH VWDUW VHW RI RXU FUDZOHU LV UHVWULFWHG WR D IHZ RIILFLDO VRXUFHV� JLYHQ WKH QHZQHVV RI WKH WRSLF� 7KH

&29,'��� SDQGHPLF VWDUWHG LQ ����� EXW WKH GLVHDVH ZDV GLVFRYHUHG LQ �����

,Q DGGLWLRQ� ZH LQWHQG WR XVH D VPDOO QXPEHU RI UHOLDEOH VRXUFHV� 6R� ZH GRQ·W QHHG WKH XVH RI D SDUDOOHO

FUDZOHU�

$V ZH LQWHQG WR SURFHVV WKH ZHE SDJHV· WH[W FRQWHQW LQ D GLIIHUHQW PRGXOH� WKH PRELOH FUDZOHU ZDV

DOVR GLVFDUGHG� $OVR� D KLGGHQ ZHE FUDZOHU LV QRW QHFHVVDU\ VLQFH WKH LQIRUPDWLRQ WR EH IHWFKHG LV XVXDOO\

REWDLQHG WKURXJK OLQNV GLVSOD\HG LQ WKH ZHE SDJHV LQ RUGHU WR DOORZ SHRSOH WR HDVLO\ DFFHVV LW DQG WR ILJKW

PLVLQIRUPDWLRQ DQG IDNH QHZV� DQ LVVXH WKDW SUHMXGLFHG WKH KHDOWK DQG OLYHV RI WKRVH ZKR IROORZHG DQG

EHOLHYHG LQ WKH LQIRUPDWLRQ ZURQJO\ VSUHDG RQ WKH LQWHUQHW� H�J� VRFLDO QHWZRUNV�

7KH IRFXVHG ZHE FUDZOHU OHDGV WR D PRUH HIILFLHQW ZHE SDJH SURFHVVLQJ� RQFH WKH UHGXFHG QXPEHU RI

SDJHV JDWKHUHG �DQG WKH WUXVWDEOH JXDUDQWHH WKDW LW EHORQJV WR WKH VSHFLILHG WRSLF� VLPSOLILHV WKH LQIRUPDWLRQ

SURFHVVLQJ SURFHVV DQG WKXV SURYLGHV EHWWHU DQG PRUH UHODWHG DQVZHUV WR WKH XVHUV· TXHULHV LQ WKLV ZRUN·V

FKDWERW�

:LWK WKH ZLGH GLYHUVLW\ RI PHWKRGRORJLHV DQG DSSURDFKHV UHJDUGLQJ IRFXVHG ZHE FUDZOHUV� D V\VWHPDWLF

OLWHUDWXUH UHYLHZ ZDV FRQGXFWHG �VHH &KDSWHU �� WR LQYHVWLJDWH WKH PRVW DSSURSULDWH DSSURDFK IRU WKLV ZRUN·V

SXUSRVH� DV ZHOO DV VXUYH\LQJ ZKLFK WRROV DUH DYDLODEOH WR GHYHORS DQG GHSOR\ LW�

$Q LPSRUWDQW SRLQW WR WDNH LQWR DFFRXQW LV WKDW WKH WUXVWZRUWK\ LQIRUPDWLRQ VRXUFHV DERXW &29,'���

DUH PRVWO\ JRYHUQPHQWDO DQG WDNLQJ LQWR DFFRXQW WKDW DURXQG ��� RI WKH ,QWHUQHW WUDIILF DQG FRQVXPSWLRQ

RI EDQGZLGWK LV DWWULEXWHG WR ZHE FUDZOHUV �%DGDZL HW DO�� ������ DQ HIIRUW QHHGV WR EH PDGH DV D ZD\

RI QRW RYHUORDGLQJ WKHVH ZHE SDJHV �DQG VKXWWLQJ GRZQ WKHLU VHUYHUV� ULVNLQJ SHRSOHV· DFFHVV WR WKHP��

.RVWHU ������ GHILQHG D VHW RI SROLFLHV WKDW PXVW EH IROORZHG� ZKLFK DUH PDGH H[SOLFLW QH[W�

����� :HE &UDZOLQJ 3ROLFLHV

$V VWDWHG� WKHUH LV D VHW RI SROLFLHV WKDW PXVW EH IROORZHG LQ RUGHU WR NHHS WKH VHUYHUV ZRUNLQJ DQG QRW

FUDVKLQJ WKHP RU FUHDWLQJ D ERWWOHQHFN LQ WKHLU VHUYLFHV �.RVWHU� ������

� 3ROLWHQHVV SROLF\� D FUDZOHU VKRXOG QRW KDPSHU DQ\ ZHEVLWH ZLWK WKH UHTXHVWV� DV VHUYHUV PD\

EH RYHUORDGHG DV WKH\ KDYH WR KDQGOH WKH UHTXHVWV RI WKH YLHZHUV RI WKH VLWH DV ZHOO DV WKH FUDZOHU·V

UHTXHVWV� 7R OLJKWHQ WKH ORDG WKHUH DUH VROXWLRQV VXFK DV VHWWLQJ DQ LQWHUYDO EHWZHHQ UHTXHVWV� DV

ZHOO DV UHVSHFWLQJ WKH URERWV H[FOXVLRQ SROLF\� 7KLV LV GHILQHG E\ WKH ZHEVLWHV· DGPLQLVWUDWRUV LQ WKH

URERWV�W[W ILOH� ZKLFK VHWV WKH SDJHV QRW UHDFKDEOH E\ WKH FUDZOHU�

� 3DUDOOHOL]DWLRQ SROLF\� WKLV SROLF\ LV DLPHG DW FRQWUROOLQJ WKH DFFHVV WR WKH ZHE SDJHV PDGH E\

PXOWLSOH ZHE FUDZOHUV� ZLWK WKH JRDO RI PD[LPL]LQJ LWV GRZQORDG UDWH� 7KXV� WKH 85/V GLVFRYHUHG

��
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LQ WKH FUDZOLQJ SURFHVV VKRXOG IROORZ WKH SROLF\ ZKLFK VWDWHV WKH\ VKRXOG EH DVVLJQHG WR GLIIHUHQW

WKUHDGV UXQQLQJ LQ SDUDOOHO�

� 5HYLVLW SROLF\� XVHG WR PLQLPL]H WKH FRVW DVVRFLDWHG ZLWK XSGDWLQJ RXWGDWHG ZHE SDJHV E\ WKH

FUDZOHU� ZKLFK QHHGV WR UHYLVLW WKHP LQ RUGHU WR NHHS WKH LQGH[HV RI D VHDUFK HQJLQH XS�WR�GDWH� 7KLV

UHYLVLWLQJ VKRXOG EH XQLIRUP RU SURSRUWLRQDO� IROORZLQJ WKH DSSURSULDWH SROLF\ IRU HDFK�

� 5REXVWQHVV SROLF\� D FUDZOHU PXVW EH LPPXQH WR DQ\ NLQG RI PDOLFLRXV EHKDYLRXUV SHUSHWUDWHG

E\ ZHE VHUYHUV�

����� :HE &UDZOLQJ &KDOOHQJHV

,Q DGGLWLRQ WR WKH QHHG WR IROORZ WKH SROLFLHV DIRUHPHQWLRQHG� WKHUH DUH RWKHU FKDOOHQJHV IDFHG ZKHQ GH�

YHORSLQJ D ZHE FUDZOHU�

$V VDLG EHIRUH� WKH :HE LV YHU\ G\QDPLF DQG LV FRQVWDQWO\ FKDQJLQJ� ZKLOH DOVR KDYLQJ LQFRQVLVWHQW

GDWD VWUXFWXUHV� DV ZHEVLWHV DUH EXLOW ZLWK QR VHQVH RI XQLYHUVDO VWDQGDUG RU QRUP� 'HVSLWH WKDW� WKHUH

DUH PDQ\ ZHE SDJHV SRRUO\ IRUPDWWHG� DQG HYHQ ZLWK HUURUV� 7KXV� DQ H[WUD HIIRUW LV QHHGHG WR SDUVH WKH

LQIRUPDWLRQ FRQWDLQHG LQ WKH GRZQORDGHG ZHE SDJHV�

,Q WKH QH[W VHFWLRQ� DQ RYHUYLHZ RI WKH QHHGHG LQIRUPDWLRQ SURFHVVLQJ LV PDGH� LQFOXGLQJ PDLQO\ ZHE

SDJH SDUVLQJ DQG UHOHYDQW GDWD H[WUDFWLRQ� OD\LQJ� WKHUHIRUH� WKH IRXQGDWLRQV IRU WKLV ZRUN·V DSSOLFDWLRQ

PRGXOH UHVSRQVLEOH IRU VXFK SURFHVVLQJ�

��� ,QIRUPDWLRQ 3URFHVVLQJ

+DYLQJ WKH UHOHYDQW ZHE SDJHV GRZQORDGHG� WKH QHHG IRU H[WUDFWLQJ WKH UHOHYDQW GDWD DULVHV� 7KHUHIRUH� D

PRGXOH WKDW SURFHVVHV WKH ZHE SDJHV� GLVFDUGLQJ WKH XQZDQWHG PHWDGDWD DVVRFLDWHG ZLWK WKH GRFXPHQWV·

VWUXFWXUH� VHJPHQWLQJ WKH WH[W LQ SKUDVHV RU EORFNV RI WH[W ZLWK VLPLODU PHDQLQJV DQG WKHQ FODVVLI\LQJ WKHP�

EHIRUH IHHGLQJ WKH LQIRUPDWLRQ WR WKH FKDWERW PRGXOH� 7KH QH[W VXEVHFWLRQV SURYLGH DQ RYHUYLHZ RQ WKH

WRSLF� GLYLGHG E\ SKDVHV�

����� +70/ 3DUVLQJ

7KH SURFHVV RI H[WUDFWLQJ GDWD IURP ZHE GRFXPHQWV LV DOVR FDOOHG ZHE VFUDSLQJ� 3DUYH] HW DO� ������

VWDWHV WKDW JLYHQ WKH G\QDPLF QDWXUH RI WKH ZHE� LW ZRXOG EH YHU\ GLIILFXOW WR VFUDSH WKH ZHE SDJHV� VR

DXWRPDWLRQ LV XVHG ZKHQHYHU SRVVLEOH� VXFK DV ZLWK ZHE FUDZOLQJ� 3DUYH] HW DO� ������ GLYLGHG D ZHE

VFUDSHU DSSOLFDWLRQ LQ WZR FRPSRQHQWV� WKH DOUHDG\ GHVFULEHU ZHE FUDZOHU DQG D GDWD H[WUDFWRU �)LJXUH

�����

*LYHQ WKH XQVWUXFWXUHG QDWXUH RI D ZHE GRFXPHQW� WKH GDWD H[WUDFWRU DLPV DW H[WUDFWLQJ PHDQLQJIXO

GDWD IURP WKHVH XQVWUXFWXUHG GRFXPHQWV� 7KHUH DUH VHYHUDO WRROV DQG WHFKQLTXHV DYDLODEOH IRU WKLV VWHS RI

WKH SURFHVVLQJ� ZKLFK 3DUYH] HW DO� ������ KDYH OLVWHG VXPPDULO\�

��
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)LJXUH ���� :HE 6FUDSHU 0DLQ &RPSRQHQWV �3DUYH] HW DO� �������

� +XPDQ FRS\ DQG SDVWH� PRVW FRPPRQ DQG WUDGLWLRQDO DSSURDFK WR H[WUDFW LQIRUPDWLRQ IURP WKH

ZHE VRXUFHV EXW UHTXLUHV WUHPHQGRXV HIIRUW IRU ODUJH GDWDVHWV�

� +70/ SDUVHU� DOORZV IDVW DQG UHDO�WLPH SDUVLQJ RI ZHE SDJHV� LV ZLGHO\ XVHG EHFDXVH RI LWV VLPSOH

GHVLJQ� SURFHVVLQJ VSHHG DQG DELOLW\ WR KDQGOH UHDO�ZRUOG +70/�

� +773 SURJUDPPLQJ� ZLWK VRFNHW SURJUDPPLQJ� +773 UHTXHVWV DUH VHQW WR WKH UHPRWH VHUYHUV�

DVVXULQJ WKLV ZD\ WKDW WKH H[DFW GDWD IURP ZHE SDJHV LV UHWULHYHG�

� 7UHH�EDVHG WHFKQLTXHV� ZHE SDJHV DUH JHQHUDOO\ LQ D VHPL�VWUXFWXUHG IRUP OHDGLQJ WR D ODEHOHG

RUGHUHG URRWHG WUHH XVXDOO\ FDOOHG 'RFXPHQW 2EMHFW 0RGHO �'20�� GHSLFWLQJ ZHE SDJHV DV D KL�

HUDUFKLFDO VWUXFWXUH �H[HPSOLILHG LQ )LJXUH ����� 7KLV '20 WUHH LV XVHG LQ VRPH GDWD H[WUDFWLRQ

WHFKQLTXHV� DGGUHVVLQJ WKH HOHPHQWV LQ WKH WUHH XVLQJ ;3DWK �D TXHU\ ODQJXDJH WR VHOHFW VSHFLILF

QRGHV� RU ZLWK WUHH HGLW GLVWDQFH PDWFKLQJ DOJRULWKPV�

� :HE ZUDSSHU� SURFHGXUH RI H[WUDFWLQJ VWUXFWXUHG GDWD IURP XQVWUXFWXUHG �RU VHPL�VWUXFWXUHG� GDWD

VRXUFHV� &DQ IROORZ DSSURDFKHV EDVHG RQ UHJXODU H[SUHVVLRQV� ORJLF RU PDFKLQH OHDUQLQJ DOJRULWKPV�

)LJXUH ���� '20 WUHH H[DPSOH �3DUYH] HW DO� �������

:H ZLOO IRFXV RQ WKH +70/ SDUVHU� VLQFH LW SODLQO\ DQG VLPSO\ SURYLGHV WKH IXQFWLRQDOLWLHV WR VDWLVI\ WKH

UHTXLUHPHQW RI FOHDQLQJ WKH +70/ GRFXPHQWV� 3DUYH] HW DO� ������ GHVFULEHG WZR +70/ SDUVLQJ WRROV�

��
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RQH IRU -DYD FDOOHG -6RXS� DQG DQRWKHU IRU 3\WKRQ FDOOHG %HDXWLIXO6RXS�� WKH ODWWHU EHLQJ RQH RI WKH PRVW

ZLGHO\ XVHG WRROV IRU GDWD H[WUDFWLRQ� ,W SURYLGHV VHUYLFHV OLNH FOHDQLQJ DQG SDUVLQJ WKH H[WUDFWHG GRFXPHQW

GXH WR LWV HDVH RI XVH DQG EHFDXVH RI PDQ\ RI WKH 1/3 DSSOLFDWLRQV EHLQJ ZULWWHQ LQ 3\WKRQ �LW KDV ORWV RI

UHSXWDEOH WKLUG�SDFNDJH OLEUDULHV IRU WKDW SXUSRVH �H�J� 1/7.� VSD&\� DQG DOORZV WKH LPSOHPHQWDWLRQ DQG

GHSOR\PHQW RI PDQ\ PDFKLQH OHDUQLQJ DOJRULWKPV��

$OVR� %HDXWLIXO6RXS LV WKRURXJKO\ GRFXPHQWHG E\ 5LFKDUGVRQ ������� ZKLFK OHG DV ZHOO WR WKH GHFLVLRQ

RI FKRRVLQJ %HDXWLIXO6RXS IRU WKH ILUVW FRPSRQHQW RI WKLV ZRUN·V GDWD H[WUDFWRU�

$IWHU UHPRYLQJ WKH XQZDQWHG LQIRUPDWLRQ IURP WKH ZHE GRFXPHQWV� ZH QHHG WR EUHDN LW LQWR WH[W FKXQNV�

JURXSHG E\ WKHLU PHDQLQJ DQG FHQWUDO LGHD� 7KXV� WH[W VHJPHQWDWLRQ IROORZHG E\ WH[W FODVVLILFDWLRQ LV QHHGHG

DQG ZLOO EH GLVFXVVHG QH[W�

����� 7H[W 6HJPHQWDWLRQ

7H[W VHJPHQWDWLRQ LV WKH PHWKRG RI VSOLWWLQJ D WH[W LQWR VPDOOHU SDUWV� ZKHUH HDFK VHJPHQW KDV D UHOHYDQW

PHDQLQJ �3DN DQG 7HK� ������ ,W FDQ EH XVHIXO IRU HPRWLRQ H[WUDFWLRQ� VHQWLPHQW PLQLQJ� RSLQLRQ PLQLQJ�

WRSLF LGHQWLILFDWLRQ� ODQJXDJH GHWHFWLRQ DQG LQIRUPDWLRQ UHWULHYDO�

3DN DQG 7HK ������ VWDWHG LQ WKHLU UHYLHZ WKDW WKHUH DUH GLIIHUHQW W\SHV RI VHJPHQWV� LQFOXGLQJ WRSLF�

VHQWHQFH DQG ZRUG� DQG WKDW WKHVH W\SHV ZHUH VHOHFWHG EDVHG RQ WKHLU DQDO\]LQJ WDUJHWV DQG VSHFLILFDWLRQV�

7KH\ DOVR GLVFRYHUHG WKDW WKH PRVW IUHTXHQW W\SH LV ZRUG VHJPHQWDWLRQ� DV LW FDQ LQFOXGH WKH FKDUDFWHU

VHJPHQWDWLRQ SUREOHP DVVRFLDWHG ZLWK WKH $VLDQ ODQJXDJHV� ZKHUH� XQOLNH (QJOLVK RU 3RUWXJXHVH� ZRUGV

DUH QRW H[SOLFLWO\ GHOLPLWHG E\ ZKLWHVSDFHV �+XDQJ HW DO�� ������

*LYHQ WKH REMHFWLYH RI JURXSLQJ WKH ZHE SDJH WH[WV DFFRUGLQJ WR WKHLU PHDQLQJ� WKH PRVW DSSURSULDWH

PHWKRG LV WRSLF VHJPHQWDWLRQ RU VHQWHQFH VHJPHQWDWLRQ IROORZHG E\ LWV FODVVLILFDWLRQ� 7KLV ZRUN ZLOO IRFXV

RQ (QJOLVK DQG 3RUWXJXHVH� *HQHUDOO\ VHQWHQFH VHJPHQWDWLRQ IRU WKRVH ODQJXDJHV ZRXOG EH GRQH XVLQJ

UDWKHU VLPSOH UHJXODU H[SUHVVLRQV� GLYLGLQJ WKH WH[W E\ WKH GRW FKDUDFWHU �µ�µ�� LQWHUURJDWLRQ �µ"µ� DQG H[�

FODPDWLRQ �µ�µ� PDUNV� 7KLV PD\ UHTXLUH VRPH WZHDNV IRU H[WUDRUGLQDU\ VLWXDWLRQV OLNH GLDORJV� 7KH WRSLF

VHJPHQWDWLRQ ZRXOG EH PXFK PRUH FRPSOH[� DV GHVFULEHG QH[W�

,Q WKHLU UHYLHZ� 3DN DQG 7HK ������ LGHQWLILHG WKDW WKH VHFRQG PRVW IUHTXHQW PHWKRGRORJ\ IRU WH[W VHJ�

PHQWDWLRQ ZDV WRSLF�EDVHG� 7KLV W\SH RI VHJPHQWDWLRQ FDQ EH H[WUHPHO\ XVHIXO ZKHQ LW FRPHV WR PLWLJDWLQJ

LQIRUPDWLRQ RYHUORDG ZKHQ D ZKROH GRFXPHQW LV SUHVHQWHG� E\ SUHVHQWLQJ RQO\ WKH UHOHYDQW SDUWV�

7KH UHYLHZ LGHQWLILHG GLIIHUHQW DSSURDFKHV IRU WRSLF VHJPHQWDWLRQ� RUWKRJUDSKLF GLYLVLRQ ZLWK VLPLODULW\

VFRUHV �2VPDQ DQG <HDUZRRG� ������ SUREDELOLVWLF ODWHQW VHPDQWLF DQDO\VLV �3/6$� �%UDQWV HW DO�� ������

XQVXSHUYLVHG DOJRULWKPV OLNH 7H[W7LOLQJ� 'RW3ORWWLQJ DQG &�� �)OHMWHU HW DO�� ����� RU XVLQJ /DWHQW 'LULFKOHW

$OORFDWLRQ �/'$� DQG 0XOWLQRPLDO 0L[WXUH �00� �0LVUD HW DO�� ������
�KWWSV���MVRXS�RUJ�
�KWWSV���EHDXWLIXO�VRXS���UHDGWKHGRFV�LR�HQ�ODWHVW

��
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����� 7H[W &ODVVLILFDWLRQ

7H[W FODVVLILFDWLRQ LV WKH SURFHVV RI DVVLJQLQJ WH[W LQWR WZR RU PRUH FDWHJRULHV �0LQHU HW DO�� ������ 7KH

JRDO RI WH[W FODVVLILFDWLRQ LV WR H[WUDFW QR PRUH WKDQ WKH FDWHJRU\ IURP WKH WH[W� EHLQJ XVXDOO\ DSSOLHG WR

GRFXPHQWV� 7KH EDVLF DSSURDFK IROORZHG LQ WH[W FODVVLILFDWLRQ LV GHULYLQJ D VHW RI IHDWXUHV DQG DSSO\LQJ

DQ DOJRULWKP WR SURFHVV DQG XVH WKHVH IHDWXUHV WR VHOHFW WKH PRVW OLNHO\ FDWHJRU\� $Q H[DPSOH RI D WH[W

FODVVLILFDWLRQ DSSOLFDWLRQ LV VSDP ILOWHULQJ�

7H[W FODVVLILFDWLRQ DOJRULWKPV XVXDOO\ HPSOR\ D VWDWLVWLFDO PRGHO WR DVVLJQ ODEHOV� EXW DOVR H[LVWLQJ UXOH�

EDVHG DSSURDFKHV�

)RU WKH IHDWXUH FUHDWLRQ VWHS� DFFRUGLQJ WR 0LQHU HW DO� ������� PRVW WH[W FODVVLILFDWLRQ SUREOHPV UHTXLUH

D WH[W SUHSURFHVVLQJ� ZKHUH WKH VWRSZRUGV DUH VWULSSHG� WKH WH[W LV WRNHQL]HG DQG VWHPPHG� LQ RUGHU WR XVH

ZRUGV �RIWHQ FDOOHG WHUPV RU WRNHQV� DV WKH SULPDU\ IHDWXUH� SXWWLQJ WKHP LQ D VWDQGDUGL]HG IRUP EHIRUH WKH

FODVVLILFDWLRQ� 7RNHQL]DWLRQ LV WKH SURFHVV RI GLYLGLQJ XS UDZ WH[W LQWR GLVFUHWH ZRUGV� ZKLOH VWHPPLQJ LV WKH

SURFHVV RI QRUPDOL]LQJ ZRUG IRUPV� $QRWKHU FKDOOHQJH LV WKH FKRLFH RI ZKLFK WH[W WR XVH� GRFXPHQWV PD\

FRQWDLQ XQVWUXFWXUHG WH[W� WLWOHV� DEVWUDFWV RU HYHQ PHWDGDWD� 7KHUH DUH RWKHU IHDWXUHV OLNH WKH GRFXPHQW

VWUXFWXUH RU HYHQ LWV OHQJWK� $OVR� PRVW RI WKH WH[W FODVVLILFDWLRQ DOJRULWKPV DVVXPH WKDW WKH WH[W KDV EHHQ

FRQYHUWHG WR D YHFWRU RI IHDWXUHV�

5HJDUGLQJ WKH FODVVLILFDWLRQ DOJRULWKPV� 0LQHU HW DO� ������ SUHVHQWV WZR RI WKH PRVW SRSXODU� ERWK

EHLQJ HIILFLHQW IRU KLJK�GLPHQVLRQDO GDWD DQG EHLQJ DPRQJ WKH PRVW DFFXUDWH IRU WH[W FODVVLILFDWLRQ� 1DLYH

%D\HV DQG 0D[LPXP (QWURS\� 7KHVH FODVVLILHUV QHHG WR EH WUDLQHG LQ RUGHU WR VHW WKH QXPHULFDO SDUDPHWHUV

RI WKH PRGHO �IHDWXUH ZHLJKWV DQG WKUHVKROGV�� 2QFH WKH WUDLQLQJ LV ILQLVKHG� WKH\ FDQ EH XVHG WR FODVVLI\

QHZ DQG SUHYLRXVO\ XQVHHQ WH[W� +RZHYHU� LI WKH WUDLQLQJ VHW LV QRW FRUUHFWO\ FRQVWUXFWHG� WKH FODVVLILFDWLRQ

ZLOO QRW EH SUHFLVH DQG FRUUHFW�

0LURQF]XN DQG 3URWDVLHZLF] ������ SUHVHQW LQ WKHLU UHYLHZ D IORZFKDUW RI WH[W FODVVLILFDWLRQ� VHHQ LQ

)LJXUH ���� 7KH FODVVLILFDWLRQ SURFHVV VWDUWV ZLWK WKH GDWD DFTXLVLWLRQ IURP YDULRXV WH[W VRXUFHV DQG� IURP

WKHUH� D GDWDVHW UHSUHVHQWLQJ D SK\VLFDO RU EXVLQHVV SURFHVV LV REWDLQHG� 7KH QH[W VWHS LV WR SUHSURFHVV WKH

GDWDVHW WR JHQHUDWH D UHSUHVHQWDWLRQ UHTXLUHG E\ WKH VHOHFWHG OHDUQLQJ PHWKRG� )HDWXUHV DUH FRQVWUXFWHG

DQG ZHLJKWHG ZLWK WKH IHDWXUH UHSUHVHQWDWLRQ DOJRULWKP� EHLQJ WKH QXPEHU RI IHDWXUHV UHGXFHG DW ODVW E\ WKH

IHDWXUH VHOHFWLRQ DOJRULWKP� 7KHQ� WKH FODVVLILFDWLRQ PRGHO LV GHYHORSHG DQG WUDLQHG� DOORZLQJ QHZ LQSXWV

WR EH FODVVLILHG DFFRUGLQJ WR WKHLU IHDWXUHV�

,Q WKH UHYLHZ� 0LURQF]XN DQG 3URWDVLHZLF] ������ GHVFULEHG GLIIHUHQW PHWKRGRORJLHV IRU HDFK RI WKH WH[W

FODVVLILFDWLRQ SKDVHV� VXPPDUL]LQJ H[WHQVLYHO\ WKH H[LVWLQJ OLWHUDWXUH �LQFOXGLQJ WKH PRVW UHFHQW VWXGLHV�

RQ WKH PDWWHU�

��� &KDWERW $SSOLFDWLRQ

7KH FKDWERW LV WKH DSSOLFDWLRQ WKDW FDQ JLYH WKH FRUUHFW DQVZHUV EDVHG RQ FRUUHFW LQIRUPDWLRQ�

4XHVWLRQ�DQVZHULQJ �4$� V\VWHPV HQDEOH WKH SURFHVV RI UHWULHYLQJ SUHFLVH DQVZHUV WR QDWXUDO ODQJXDJH

��



&+$37(5 �� %$&.*5281'

)LJXUH ���� 7H[W &ODVVLILFDWLRQ )ORZFKDUW �0LURQF]XN DQG 3URWDVLHZLF] �������

TXHVWLRQV �$QGUHQXFFL DQG 6QHLGHUV� ������ 7KHVH V\VWHPV ZHUH LQWURGXFHG EHWZHHQ ODWH ����V DQG HDUO\

����V DQG WKH ULVH RI ::: DOORZHG WKH 4$ V\VWHPV JURZWK DQG HYROXWLRQ� ZLWK WKH QHHG IRU XVHU�IULHQGO\

VHDUFK HQJLQHV�

$ORQJ ZLWK 4$ V\VWHPV� FKDWERWV DUH TXLFNO\ JDLQLQJ D UHOHYDQW SRVLWLRQ LQ WKH FRQWHPSRUDU\ SDUDGLJP

RI LQWHOOLJHQW V\VWHPV� 7KH\ DOORZ DQ HDV\ LQWHUDFWLRQ EHWZHHQ XVHUV DQG LQIRUPDWLRQ V\VWHPV� $PRQJ WKH

PRVW SRSXODU FKDWERWV DQG FRQYHUVDWLRQDO DJHQWV DUH $PD]RQ·V $OH[D� 0LFURVRIW·V &RUWDQD DQG *RRJOH·V

*RRJOH $VVLVWDQW �1LWKXQD DQG /DVHHQD� ������ 7KHVH DSSOLFDWLRQV FDQ QRW RQO\ DQVZHU XVHUV· HQTXLULHV

E\ VHDUFKLQJ WKH ZHE DQG UHWXUQLQJ WKH PRVW SRSXODU UHVXOWV EXW DOVR PDNH D FDOO WR WKH ZDQWHG SHUVRQ RU

VHW XS DQ DODUP� 7KHUHIRUH� ZH FDQ GLYLGH FKDWERWV LQWR GLIIHUHQW W\SHV� DV VSHFLILHG QH[W�

����� &KDWERW &ODVVLILFDWLRQ

%DUERVD HW DO� ������ UHYLHZHG WKH FKDWERW WD[RQRP\� DQG EDVHG RQ 1LPDYDW DQG &KDPSDQHULD ������

LGHQWLILHG WKH IROORZLQJ FULWHULD RI FKDWERW FODVVLILFDWLRQ �SUHVHQWHG LQ )LJXUH �����

� .QRZOHGJH 'RPDLQ� EHLQJ HLWKHU FORVHG�GRPDLQ� PHDQLQJ WKH\ DUH WUDLQHG DQG IRFXVHG RQ D

SDUWLFXODU DUHD RI H[SHUWLVH �H�J� D UHVWDXUDQW ERRNLQJ ERW�� RU RSHQ�GRPDLQ DJHQWV� ZKLFK FDQ

UHSOLFDWH D FRQYHUVDWLRQ WDONLQJ DERXW JHQHUDO WRSLFV �DFWLQJ DV D FKLW�FKDW ERW��

� 6HUYLFH 3URYLGHG� GLIIHU RQ HPRWLRQDO SUR[LPLW\ WR WKH XVHU� LQWHUSHUVRQDO FKDWERWV JLYH LQIRUPD�

WLRQ WR WKH XVHU �H�J� ERRNLQJ DVVLVWDQWV RU )$4 ERWV�� LQWUDSHUVRQDO DJHQWV H[LVW LQ D SHUVRQDO DUHD�

��
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DFWLQJ DV FRPSDQLRQV ZLWK D XQLTXH SHUVRQDOLW\ WR WKH XVHU �H�J� FDOHQGDU PDQDJHUV RU EHKDYLRXUDO

WKHUDSLVW ERW�� DQG LQWHU�DJHQWV FDQ EH GHILQHG E\ ,QWHUQHW RI WKLQJV �,R7� FRPPXQLFDWLRQ� ZKHUH

WZR RU PRUH V\VWHPV KDYH WKHLU VHUYLFHV OLQNHG DQG LQWHJUDWHG�

� *RDOV� LQIRUPDWLRQ EDVHG �UHWULHYLQJ LQIRUPDWLRQ VWRUHG IURP TXHU\LQJ D GDWDEDVH�� FRQYHUVDWLRQ

EDVHG �UHSOLFDWLQJ D KXPDQ EHLQJ ZLWK FRQWLQXRXV FRQYHUVDWLRQ� DQG WDVN EDVHG �ZKHUH WKHLU DFWLRQV

DUH XQGHU D VSHFLILF WDVN IROORZLQJ SUHGHILQHG HYHQWV��

� 5HVSRQVH *HQHUDWLRQ 0HWKRG� LQWHOOLJHQW V\VWHPV KDQGOH WKH PHWKRG RI SURFHVVLQJ LQSXWV

DQG GHVLJQLQJ UHVSRQVHV XVLQJ 1DWXUDO /DQJXDJH 8QGHUVWDQGLQJ �1/8� WR FRPSUHKHQG WKH XVHUV·

TXHULHV �VXVWDLQHG E\ D VHOI�OHDUQLQJ DOJRULWKP�� ZKLOH UXOH�EDVHG V\VWHPV XVH SDUVLQJ DQG SDWWHUQ

PDWFKLQJ PHWKRGV WR FUHDWH ULJLG DQVZHUV �ZLWK OLPLWHG DQG IL[HG RXWFRPHV� DQG K\EULG V\VWHPV

FRPELQH WKH WZR SUHYLRXV DSSURDFKHV� XVLQJ UXOHV WR PDQDJH WKH FRQYHUVDWLRQ IORZ DQG PDFKLQH

OHDUQLQJ WR SURYLGH WKH UHVSRQVHV�

)LJXUH ���� &KDWERW &ODVVLILFDWLRQ &ULWHULD �1LPDYDW DQG &KDPSDQHULD �������

%XW� %DUERVD HW DO� ������ FRQFOXGHG EDVHG RQ UHFHQW VWXGLHV WKDW IROORZLQJ DQ RYHUDOO FKDWERW FODV�

VLILFDWLRQ FDQ EH VXEMHFWLYH DQG GHSUHFDWHG WR WKH VFRSH RI D VSHFLILF XVH� VLQFH WKH FKDWERW ILHOG LV YHU\

G\QDPLF� PDLQO\ GXH WR WKH HPHUJH RI QHZ WHFKQRORJLHV� DQG VR SURSRVHG D QHZ FKDWERW FODVVLILFDWLRQ� DV

VHHQ LQ )LJXUH ����� ZKHUH WKH\ DUH FODVVLILHG DFFRUGLQJ WR WKHLU NQRZOHGJH GRPDLQ �EURDG RU UHVWULFW� DQG

WR WKHLU FRQYHUVDWLRQ GHVLJQ �UXOH�EDVHG RU DUWLILFLDO LQWHOOLJHQFH��

����� $SSURDFKHV WR &KDWERW 'HYHORSPHQW

)ROORZLQJ WKH FODVVLILFDWLRQ SUHVHQWHG E\ %DUERVD HW DO� ������� IRU HLWKHU EURDG RU UHVWULFW� WKH FKDWERW

GHVLJQ FDQ EH EDVHG RQ UXOHV RU DUWLILFLDO LQWHOOLJHQFH� )RU WKH VHFRQG PHWKRGRORJ\� FKDWERWV FDQ EH

UHWULHYDO�EDVHG RU JHQHUDWLYH�EDVHG�

��
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)LJXUH ����� &KDWERW &ODVVLILFDWLRQ �%DUERVD HW DO� �������

������� 5XOH�%DVHG $SSURDFK

&KDWERWV DQVZHU TXHVWLRQV EDVHG RQ VSHFLILF UXOHV LQ ZKLFK WKH\ DUH WUDLQHG� +RZHYHU� WKH\ FDQQRW SURYLGH

D FRUUHFW DQVZHU LI WKH LQSXW GRHV QRW PDWFK WKH SUHGHILQHG SDWWHUQV� 7KHUHIRUH� WKHVH ERWV DUH VWUDLJKW�

IRUZDUG WR LPSOHPHQW� EXW LW LV DOPRVW LPSRVVLEOH DQG YHU\ WLPH FRQVXPLQJ WR GHYHORS UXOHV IRU HYHU\

VFHQDULR�

5XOH�EDVHG FKDWERWV DUH D JRRG DSSURDFK IRU VLPSOH LQSXW DSSOLFDWLRQV� EXW IDLO RQ SURFHVVLQJ FRPSOH[

TXHULHV� FRPSDUHG WR WKH DUWLILFLDO LQWHOOLJHQFH DSSURDFKHV�

������� 5HWULHYDO�%DVHG $SSURDFK

&KDWERWV DUH WUDLQHG RQ D VHW RI TXHVWLRQV DQG WKHLU OLNHO\ RXWFRPHV� LGHQWLI\LQJ WKH PRVW DFFXUDWH DQVZHUV

IURP D UHSRVLWRU\ RI DOO SRVVLEOH DQVZHUV IRU HDFK TXHVWLRQ� 7KLV LGHQWLILFDWLRQ FDQ EH EDVHG RQ D UXOH

EDVLV RU PDFKLQH OHDUQLQJ FODVVLILHUV� +RZHYHU� WKHVH ERWV FDQ QRW JHQHUDWH QHZ UHVSRQVHV QRU SURFHVV

V\QWDFWLFDOO\ LQFRUUHFW SKUDVHV� DV WKH\ DUH VROHO\ EDVHG RQ SUHGHILQHG DQVZHUV�

5HWULHYDO�EDVHG FKDWERWV FDQ EH XVHG ZKHQ WKH GDWD LV OLPLWHG DQG WKH NQRZOHGJH DUHD LV UHVWULFWHG WR

D IHZ FRQYHUVDWLRQ VFHQDULRV�

������� *HQHUDWLYH�%DVHG $SSURDFK

&KDWERWV FDQ JHQHUDWH QHZ DQVZHUV� DV WKH\ DUH QRW GHSHQGHQW RQ D SUHGHILQHG UHVSRQVH UHSRVLWRU\�

PDNLQJ WKHP LQWHOOLJHQW V\VWHPV� 7KH UHVSRQVHV DUH SURGXFHG E\ LQWHUSUHWLQJ WKH TXHVWLRQ ZRUG E\ ZRUG�

2Q WKH RWKHU KDQG� WKH\ DUH SURQH WR HUURUV DQG ZURQJ DQVZHUV� DV WKH\ WDNH LQWR DFFRXQW VSHOOLQJ DQG

JUDPPDU�

*HQHUDWLYH�EDVHG FKDWERWV RXWSHUIRUP UXOH�EDVHGPRGHOV DV WKH\ FDQ DGDSW WR FRPSOH[ DQG XQIRUHVHHQ

VFHQDULRV� RQFH WKH\ DUH WUDLQHG XVLQJ ODUJH DPRXQWV RI SURFHVVHG GDWD�

����� 6HOHFWLRQ RI &KDWERW 'HYHORSPHQW $SSURDFK

5HJDUGLQJ WKH NQRZOHGJH DUHD� WKLV ZRUN·V DSSOLFDWLRQ ZLOO KDYH D VWULFW NQRZOHGJH EDVH� IRFXVLQJ RQO\ RQ

WKH &29,'��� SDQGHPLF�

��
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5HJDUGLQJ WKH FRQYHUVDWLRQ GHVLJQ� D UHWULHYDO�EDVHG DSSURDFK LV QRW IHDVLEOH� DV D GDWDVHW RI TXHV�

WLRQV DQG DQVZHUV GRHV QRW H[LVW� 7KH GDWD XVHG WR SURYLGH UHVSRQVHV WR WKH XVHUV ZLOO UHO\ VROHO\ RQ WKH

LQIRUPDWLRQ FUDZOHG DQG SURFHVVHG E\ WKH DSSOLFDWLRQ IURP WKH VHOHFWHG UHOLDEOH VRXUFHV�

$OVR� D UXOH�EDVHG DSSURDFK LV QRW DGHTXDWH DV ZHOO� JLYHQ WKH IDFW WKDW &29,'��� LV DOZD\V EHLQJ

XSGDWHG ZLWK QHZ VFLHQWLILF IDFWV DQG NQRZOHGJH� RXWGDWLQJ WKH SUHYLRXVO\ UHOHDVHG LQIRUPDWLRQ DERXW WKH

GLVHDVH� 7KHUHIRUH� D QHZ VHW RI UXOHV ZRXOG EH QHHGHG WR EH DEOH WR DQVZHU WKH XVHUV· TXHULHV HYHU\ WLPH

DQ XSGDWH ZDV PDGH� 7KLV JRHV DJDLQVW WKH REMHFWLYH RI WKH SUHVHQW ZRUN RI KDYLQJ WKH ODWHVW DYDLODEOH

UHOLDEOH LQIRUPDWLRQ�

6R� WKH EHVW DSSURDFK ZRXOG EH IROORZLQJ D JHQHUDWLYH�EDVHG DSSURDFK� ZKLFK VKRXOG DOORZ WKH FKDWERW

WR DQVZHU PRVW RI WKH TXHVWLRQV LQSXWWHG� ZKHWKHU WKH\ DUH VLPSOHU RU FRPSOH[� KHQFH DFKLHYLQJ WKH JRDO

RI EULQJLQJ &29,'��� FRUUHFW LQIRUPDWLRQ WR HYHU\ XVHU�

,Q RUGHU WR XQGHUVWDQG ZKDW LV WKH EHVW DOJRULWKP DQG WRRO IRU WKH ZDQWHG DSSOLFDWLRQ� WKLV WKHPDWLF

ZLOO DOVR EH IRFXVHG RQ WKH 6/5 DOUHDG\ PHQWLRQHG�

��
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6\VWHPDWLF /LWHUDWXUH 5HYLHZ

7KLV FKDSWHU GHVFULEHV WKH PHWKRGRORJ\ IROORZHG WR SHUIRUP WKH OLWHUDWXUH UHYLHZ� GHVFULELQJ HDFK RI WKH

VWHSV� IURP WKH 5HVHDUFK 4XHVWLRQV· GHILQLWLRQ WR WKH 'DWD ([WUDFWLRQ SKDVH�

,Q WKH HQG� D V\QWKHVLV RI WKH VHOHFWHG VWXGLHV LV SUHVHQWHG�

��� 0HWKRGRORJ\

8VLQJ D V\VWHPDWLF DSSURDFK WR UHYLHZ WKH H[LVWLQJ OLWHUDWXUH UHSUHVHQWV DQ HIILFLHQW ZD\ WR LGHQWLI\ UHOHYDQW

ZRUNV WR D GHILQHG VHW RI UHVHDUFK TXHVWLRQV� 7KLV DSSURDFK DOVR DOORZV VWXGLHV WR EH HDVLO\ SHHU�UHYLHZHG

DQG UHSOLFDWHG �.HHOH HW DO�� ������ VLQFH D 6/5 VKRXOG IROORZ D VWULFW PHWKRGRORJ\ GHILQHG SUHYLRXVO\�

GHVFULELQJ WKH H[DFW ZD\ WKH UHOHYDQW VWXGLHV ZHUH VHOHFWHG�

,QVWHDG RI IROORZLQJ WKH 6/5 PHWKRG GHVFULEHG E\ .HHOH HW DO� ������� WKLV ZRUN ILUVW WULHG WR IROORZ

WKH RQH GHVFULEHG E\ :RKOLQ ������� ZKHUH WKH JXLGHOLQHV IRU VQRZEDOOLQJ D 6/5 DUH GHILQHG� 5DWKHU WKDQ

XVLQJ GDWDEDVHV DQG UHVHDUFK TXHULHV WR JDWKHU WKH VWXGLHV QHHGHG WR DQVZHU WKH UHVHDUFK TXHVWLRQV� WKLV

PHWKRG KDV LWV EDVLV RQ DQ LQLWLDO VHW RI VWXGLHV� 7KHQ� WKURXJK %DFNZDUG 6QRZEDOOLQJ �WKH ZRUNV FLWHG E\

D JLYHQ SDSHU� DQG )RUZDUG 6QRZEDOOLQJ �WKH ZRUNV WKDW FLWH D JLYHQ SDSHU� PRUH VWXGLHV DUH UHIHUHQFHG�

+RZHYHU� VWDUWLQJ ZLWK D VWDUW VHW RI �� SDSHUV� DIWHU WKH ILUVW LWHUDWLRQ RI EDFNZDUG VQRZEDOOLQJ PRUH

WKDQ ��� SDSHUV ZHUH REWDLQHG DQG JLYHQ WKH ODFN RI DXWRPDWHG WRROV WR DLG WKH SURFHVV RI DQDO\]LQJ WKH

SDSHUV IRU LQFOXVLRQ RU H[FOXVLRQ� WKH PHWKRG ZDV UHMHFWHG� ,Q IDFW� JLYHQ WKH ZLGHQHVV RI WKLV ZRUN·V VFRSH

�KDYLQJ WKUHH GLIIHUHQW WKHPDWLFV�� DQDO\]LQJ WKH KXJH TXDQWLW\ RI SDSHUV JRWWHQ WKURXJK WKH VQRZEDOOLQJ

SURFHGXUH ZDV FRQVXPLQJ WRR PXFK WLPH DQG HIIRUWV ZKLOH SURYLGLQJ FRPSDUDEOH UHVXOWV ZLWK WKH FODVVLF

6/5 DSSURDFK �%DGDPSXGL HW DO�� ����� -DODOL DQG :RKOLQ� ������

+DYLQJ GHFLGHG WR XVH WKH FODVVLF 6/5 DSSURDFK �.HHOH HW DO�� ������ WKH VWHSV WR FDUU\ LW RXW FDQ EH

JUDSKLFDOO\ YLVXDOL]HG LQ )LJXUH ����

��
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)LJXUH ���� 6WHSV WR FRQGXFW D 6/5 �DGDSWHG IURP $PDUD HW DO� �������

��� 5HVHDUFK 4XHVWLRQV

$V VWDWHG SUHYLRXVO\� WKH 6/5 ZDV H[HFXWHG RQ ZHE FUDZOLQJ DQG FKDWERW GHYHORSPHQW� 6R� WKH UHVHDUFK

TXHVWLRQV ZLOO EH GLYLGHG LQWR WZR JURXSV� +RZHYHU� LI WKH FKDWERW GHYHORSPHQW ILQGLQJV UHYHDOHG WKH QHHG

IRU DQ DGYDQFHG WH[W SURFHVVLQJ PRGXOH� WKH UHYLHZ ZRXOG EH H[WHQGHG WR DOVR FRYHU WKDW WKHPDWLF�

����� :HE &UDZOLQJ

87�� :KLFK WHFKQLTXH VKRXOG EH XVHG WR FUDZO WKH GHILQHG VRXUFHV"

0RWLYDWLRQ� :LWK WKH H[SRQHQWLDO LQFUHDVH RI ZHE VLWHV DQG GDWD VRXUFHV DQG WKH FRQWLQXRXV

UHVHDUFK RI QHZ VHDUFK HQJLQH DOJRULWKPV WR LPSURYH WKH SURFHVV RI ILQGLQJ LQIRUPDWLRQ� PDQ\

VWUDWHJLHV IRU WKH FROOHFWLRQ RI GDWD KDYH EHHQ GHYHORSHG� :LWK VXFK D GLYHUVLW\� WKHUH DUH YDULRXV

W\SHV RI ZHE FUDZOLQJ DSSURDFKHV� HDFK RQH IRFXVLQJ D GLIIHUHQW SUREOHP WR EH VROYHG�

'HVSLWH WKH LQH[LVWHQFH RI DQ RIILFLDO WD[RQRP\ IRU ZHE FUDZOHUV� WKH\ FDQ EH GLYLGHG LQ YDULRXV

W\SHV �.XPDU HW DO�� ������ 6LQFH ZH ZDQW WR JDWKHU LQIRUPDWLRQ IURP D SUHYLRXVO\ GHILQHG VHW RI

VRXUFHV �ZHEVLWHV� ZH ZDQW WR XVH D IRFXVHG ZHE FUDZOHU� WKDW VWDUWV FUDZOLQJ IURP WKH VSHFLILHG

VHHGV� 7KHUH DUH PDQ\ WHFKQLTXHV WR SHUIRUP WKH IRFXVHG FUDZOLQJ DQG WKHUHIRUH WKLV 54 LV DLPHG

DW GHILQLQJ ZKLFK RQH LV WKH EHVW IRU RXU ZRUN�

87�� :KLFK RSHQ�VRXUFH RU IUHH WRROV DUH DYDLODEOH IRU IRFXVHG ZHE FUDZOLQJ"

��
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0RWLYDWLRQ� 7KLV VWXG\ DLPV WR GR D VPDOO VXUYH\ RQ RSHQ�VRXUFH WRROV WR DOORZ WKH LPSOHPHQWDWLRQ

RI IRFXVHG FUDZOHUV DQG LWV GHSOR\PHQW� ,Q WKLV ZRUN� D FRQWLQXRXV LQIRUPDWLRQ UHWULHYDO LV HVVHQWLDO

WR SURYLGH WKH FKDWERW ZLWK IUHVK GDWD� )RU UHVHDUFK SXUSRVHV� DQ RSHQ�VRXUFH WRRO LV SUHIHUUHG GXH WR

FRPPXQLW\ VXSSRUW� WKH FRQWLQXRXV LPSURYHPHQW DQG WKH RSHQ FRGH WR DQDO\]H WKH LPSOHPHQWDWLRQ

�%RQDFFRUVL DQG 5RVVL� ����� 6FDFFKL� ������

����� &KDWERW 'HYHORSPHQW

87�� :KLFK JHQHUDWLYH GHHS OHDUQLQJ DOJRULWKPV FDQ EH XVHG IRU WKH FKDWERW DSSOLFDWLRQ"

0RWLYDWLRQ� 2QH RI WKH HDUOLHVW 1/3 DSSOLFDWLRQV ZDV D FKDWERW QDPHG (OL]D� GHYHORSHG LQ �����

VR FKDWERWV DUH QRW D QHZ DQG XQNQRZQ WRSLF 'DOH ������� :LWK GHFDGHV RI UHVHDUFK DQG GHYHORS�

PHQW� WKHUH DUH PDQ\ DOJRULWKPV DQG WRROV WKDW DOORZ VRIWZDUH HQJLQHHUV WR EXLOG DQG GHSOR\ VXFK

DSSOLFDWLRQV�

)RU WKLV ZRUN� D JHQHUDWLYH�EDVHG DSSURDFK LV ZDQWHG WR SURYLGH WKH PRUH FRUUHFW DQG SUHFLVH DQ�

VZHUV WR HDFK DVNHG TXHVWLRQ� 7KHVH JHQHUDWLYH DSSURDFKHV DUH XVXDOO\ LPSOHPHQWHG XVLQJ GHHS

OHDUQLQJ DOJRULWKPV� 7KLV UHVHDUFK TXHVWLRQ DLPV DW GLVFRYHULQJ ZKLFK RI WKH PHQWLRQHG DOJRULWKPV

DUH DGHTXDWH IRU WKLV ZRUN� 8QVXSHUYLVHG DSSURDFKHV DUH SUHIHUDEOH GXH WR WKH XQQHFHVVDU\ H[LV�

WHQFH RI D SUH�EXLOW GDWDVHW� ,W LV DOVR H[SHFWDEOH WR ILQG WRROV WKDW FDQ DLG WKH LPSOHPHQWDWLRQ RI WKH

DOJRULWKP�

��� /LWHUDWXUH 6RXUFHV DQG 6HDUFK 6WULQJV

7KH OLWHUDWXUH VRXUFHV XVHG LQ WKLV 6/5 DUH VRPH RI WKH PDMRU RQOLQH GDWDEDVHV DYDLODEOH� $&0� ,(((

;SORUH� 6FLHQFH'LUHFW� 6FRSXV DQG :HE RI 6FLHQFH�

+DYLQJ WKH OLVW RI VRXUFHV GHILQHG� D VHDUFK VWULQJ ZLOO EH FRQVWUXFWHG UHJDUGLQJ HDFK SDUW RI WKLV VWXG\�

IROORZLQJ WKH DSSURDFK E\ .HHOH HW DO� �������

�� ,GHQWLI\ PDMRU VHDUFK WHUPV�

�� &KHFN NH\ZRUGV RI DOUHDG\ DQDO\]HG VWXGLHV WR ILQG PRUH VHDUFK WHUPV�

�� ,GHQWLI\ DOWHUQDWLYH VSHOOLQJV RU V\QRQ\PV RI WKH FKRVHQ PDMRU WHUPV�

�� &RQVWUXFW VHDUFK VWULQJ E\ MRLQLQJ WKH WHUPV� ERROHDQ 25V DUH XVHG WR MRLQ DOWHUQDWLYH VSHOOLQJV�V\Q�

RQ\PV DQG $1'V WR MRLQ PDMRU VHDUFK WHUPV�

)RU WKH UHOLDEOH LQIRUPDWLRQ JDWKHULQJ SDUW� WKH PDMRU WHUPV ZHUH LGHQWLILHG� HDVLO\ LGHQWLILHG LQ 7DEOH

����

)URP WKH LGHQWLILHG WHUPV� WKH IROORZLQJ VHDUFK VWULQJV ZHUH EXLOW�

��
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7DEOH ���� 6HDUFK 7HUPV DQG $OWHUQDWLYH 6SHOOLQJV DQG 6\QRQ\PV

7KHPDWLF 7HUPV $OWHUQDWLYH WHUPV DQG V\QRQ\PV
:HE &UDZOLQJ )RFXVHG :HE &UDZOHU )RFXVHG &UDZOHU� )RFXVHG &UDZOLQJ� )RFXVHG :HE &UDZOLQJ

7HFKQLTXHV $OJRULWKPV� 7RROV
&KDWERW
'HYHORSPHQW

&KDWERW &KDWWHUERW

'HHS /HDUQLQJ 0DFKLQH /HDUQLQJ
*HQHUDWLYH *HQHUDWLYH�EDVHG
$OJRULWKP 7RRO� 0RGHO

� �µ)RFXVHG :HE &UDZOHUµ 25 µ)RFXVHG &UDZOHUµ 25 µ)RFXVHG &UDZOLQJµ 25 µ)RFXVHG :HE &UDZO�

LQJµ� $1' �µ7HFKQLTXHVµ 25 µ$OJRULWKPVµ 25 µ7RROVµ�

� �µ&KDWERWµ 25 µ&KDWWHUERWµ� $1' �µ'HHS /HDUQLQJµ 25 µ0DFKLQH /HDUQLQJµ� $1' �µ*HQHUDWLYHµ

25 µ*HQHUDWLYH�%DVHGµ� $1' �µ$OJRULWKPµ 25 µ7RROµ 25 µ0RGHOµ�

��� ,QFOXVLRQ DQG ([FOXVLRQ &ULWHULD

,Q RUGHU WR VHOHFW WKH DSSURSULDWH VWXGLHV IRU LQFOXVLRQ LQ WKH UHYLHZ� ERWK LQFOXVLRQ DQG H[FOXVLRQ FULWHULD

ZHUH VSHFLILHG�

)ROORZLQJ WKH DSSURDFK RI WKH DXWKRUV LQ $PDUD HW DO� ������� WKH LQFOXVLRQ FULWHULD ZHUH REWDLQHG�

� ,I D VWXG\ KDV D MRXUQDO DQG D FRQIHUHQFH YHUVLRQ DYDLODEOH� RQO\ WKH MRXUQDO YHUVLRQ LV NHSW�

� ,I D VWXG\ KDV VHYHUDO YHUVLRQV SXEOLVKHG� RQO\ WKH PRVW UHFHQW LV NHSW�

� ,I D VWXG\ H[LVWV LQ PRUH WKDQ RQH VRXUFH� RQO\ RQH FRS\ LV LQFOXGHG�

7R H[FOXGH LQHOLJLEOH VWXGLHV� H[FOXVLRQ FULWHULD ZHUH DOVR GHILQHG�

� 6WXGLHV WKDW GR QRW FRQVLGHU DQ\ RI WKH WKHPDWLFV RI WKLV ZRUN�

� 6WXGLHV WKDW RQO\ IRFXV RQ HWKLFDO RU OHJDO DVSHFWV RI WKH WKHPDWLFV�

� 6WXGLHV WKDW DUH QRW SHHU�UHYLHZHG�

� 6WXGLHV WKDW DUH QRW ZULWWHQ LQ (QJOLVK�

� 6WXGLHV SULRU WR �����

� 6WXGLHV ZKHUH WKH ILOH FDQQRW EH REWDLQHG�

��
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7DEOH ���� 'LVWULEXWLRQ RI IRXQG DQG VHOHFWHG VWXGLHV �:HE &UDZOLQJ�

6RXUFH 6WXGLHV )RXQG 6WXGLHV 6HOHFWHG

$&0 ��� ��
,((( ;SORUH �� ��
6FLHQFH'LUHFW ��� ��
6FRSXV ��� ��
:HE RI 6FLHQFH �� �

7RWDO ��� ��

��� 6WXGLHV 6HOHFWLRQ

8VLQJ WKH VWDWHG OLWHUDWXUH VRXUFHV DQG WKH :HE &UDZOLQJ VHDUFK VWULQJ GHILQHG LQ VHFWLRQ ���� ��� VWXGLHV

ZHUH IRXQG �DV VHHQ LQ 7DEOH �����

,Q VXP� �� VWXGLHV ZHUH VHOHFWHG DIWHU UHPRYLQJ WKH GXSOLFDWHV� ZLWK DQ HIILFLHQF\ UDWH RI ����� IRU

$&0 ��� VWXGLHV�� ������ IRU ,((( ;SORUH ��� VWXGLHV�� ������ IRU 6FLHQFH'LUHFW ��� VWXGLHV�� ������ IRU

6FRSXV ��� VWXGLHV� DQG ������ IRU :HE 2I 6FLHQFH �� VWXGLHV��

8VLQJ WKH &KDWERW 'HYHORSPHQW VHDUFK VWULQJ� ��� VWXGLHV ZHUH IRXQG �DV VHHQ LQ 7DEOH �����

7DEOH ���� 'LVWULEXWLRQ RI IRXQG DQG VHOHFWHG VWXGLHV �&KDWERW 'HYHORSPHQW�

6RXUFH 6WXGLHV )RXQG 6WXGLHV 6HOHFWHG

$&0 �� �
,((( ;SORUH � �
6FLHQFH'LUHFW �� �
6FRSXV �� �
:HE RI 6FLHQFH � �

7RWDO ��� ��

$IWHU UHPRYLQJ WKH GXSOLFDWHV DQG WKH DUWLFOHV ZLWKRXW DQ\ DYDLODEOH RU IUHH UHDGDEOH GRFXPHQW� ��

VWXGLHV ZHUH VHOHFWHG� ZLWK DQ HIILFLHQF\ UDWH RI ������ IRU $&0 �� VWXGLHV�� ��� IRU ,((( ;SORUH ��

VWXGLHV�� ������ IRU 6FLHQFH'LUHFW �� VWXGLHV�� ������ IRU 6FRSXV �� VWXGLHV� DQG �� IRU :HE 2I 6FLHQFH

�� VWXGLHV��

��� 4XDOLW\ $VVHVVPHQW

$IWHU VHOHFWLQJ WKH VWXGLHV IRU WKLV UHYLHZ� D TXDOLW\ DVVHVVPHQW FKHFNOLVW �7DEOH ���� ZDV EXLOW LQ RUGHU WR

FOHDUO\ DQG V\VWHPDWLFDOO\ FODVVLI\ WKHP� 6WXGLHV ZLWK D VFRUH PLQRU WKDQ � ZHUH FRQVLGHUHG LQHOLJLEOH IRU

WKLV OLWHUDWXUH UHYLHZ DQG ZHUH H[FOXGHG�

:LWK WKLV PLQLPXP VFRUH UHTXLUHG� ZH H[FOXGHG IURP WKLV UHYLHZ�

� :HE &UDZOLQJ� �� VWXGLHV RXW RI �� ��������

��
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7DEOH ���� 4XDOLW\ $VVHVVPHQW &KHFNOLVW

,' 4XHVWLRQ 6FRUH

4$�
,V WKH VWXG\ SXEOLVKHG LQ D UHFRJQL]HG MRXUQDO RU
VFLHQWLILF HYHQW SURFHHGLQJ"

� -RXUQDOV �-&5 5DQNLQJ��
4�� �
4�� ���
4�� �� 4�� ���
1R -&5� �
� &RQIHUHQFHV�:RUNVKRSV
�&25( 5DQNLQJ��
$� ���
%� �
&� ���
1R &25(� �

4$� ,V WKHUH D FOHDU VWDWHPHQW RI WKH DLP RI UHVHDUFK"
<HV� �
3DUWLDOO\� ���
1R� �

4$� ,V WKH H[SHULPHQWDO SURFHGXUH FDUHIXOO\ H[SODLQHG"
<HV� �
3DUWLDOO\� ���
1R� �

4$� $UH WKH ILQGLQJV FOHDUO\ VWDWHG DQG SUHVHQWHG"
<HV� �
3DUWLDOO\� ���
1R� �

4$� :DV WKH SDSHU FLWHG E\ RWKHU UHVHDUFKHUV"
<HV� �
1R� �

� &KDWERW 'HYHORSPHQW� � VWXGLHV RXW RI �� �������

7KH UHVXOWV RI WKH TXDOLW\ DVVHVVPHQW DUH GHWDLOHG LQ $SSHQGL[ $�

��� 'DWD ([WUDFWLRQ

7R DLG WKH GDWD H[WUDFWLRQ SURFHVV� D IRUP WKDW OLVWV WKH NH\ LQIRUPDWLRQ WR EH FROOHFWHG IURP WKH JDWKHUHG

VWXGLHV ZDV EXLOW� KHOSLQJ WR JHW D JHQHUDO YLHZ RI WKH UHVXOWV� 7KLV IRUP LV GHVFULEHG LQ 7DEOH ����

��� 'DWD 6\QWKHVLV

6\QWKHVLVLQJ WKH GDWD FROOHFWHG DLPV WR VXPPDULVH DQG UHSRUW WKH UHOHYDQW UHVXOWV RI WKH DQDO\VHG UHVHDUFK�

:LWK WKLV� WKLV SKDVH DQVZHUV HDFK RQH RI WKH UHVHDUFK TXHVWLRQV HVWDEOLVKHG IURP WKH H[WUDFWHG GDWD DERYH

DQG LGHQWLILHV DQ\ SRVVLEOH UHVHDUFK JDSV DQG UHFRPPHQGDWLRQV�

��
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7DEOH ���� 'DWD ([WUDFWLRQ )RUP

'DWD ,' 'DWD

'�� 6WXG\ ,GHQWLILHU
'�� $XWKRUV
'�� <HDU RI 3XEOLFDWLRQ
'�� 7LWOH
'�� 7\SH �-RXUQDO� FRQIHUHQFH�ZRUNVKRS SURFHHGLQJV�
'�� 4XDOLW\ $VVHVVPHQW 6FRUH

'��
7KHPDWLF �5HOLDEOH ,QIRUPDWLRQ *DWKHULQJ� ,QIRUPDWLRQ 3URFHVVLQJ
RU &KDWERW 'HYHORSPHQW�

'�� 7RRO �LI DSSOLFDEOH�
'�� $OJRULWKP �LI DSSOLFDEOH�

����� 6WXGLHV 2YHUYLHZ

7KLV RYHUYLHZ ZLOO EH GLYLGHG LQ WKUHH SDUWV� HDFK DGGUHVVLQJ RQH RI WKH DUHDV UHODWHG WR WKH VHDUFK TXHULHV

GHILQHG� ZHE FUDZOLQJ� WH[W VHJPHQWDWLRQ DQG FODVVLILFDWLRQ DQG FKDWERW GHYHORSPHQW�

������� :HE &UDZOLQJ

5HJDUGLQJ WKH :HE &UDZOLQJ SDUW� ZH ZHUH DEOH WR SURGXFH WKH JUDSKV VHHQ RQ )LJXUH ��� �\HDU RI WKH

VWXG\·V SXEOLFDWLRQ DQG LWV W\SH� MRXUQDO RU FRQIHUHQFH�� )LJXUH ��� �ODQJXDJH RU WRRO RQ ZKLFK WKH FUDZOHUV

PHQWLRQHG LQ WKH VWXGLHV ZHUH GHYHORSHG� DQG )LJXUH ��� �DSSURDFK IROORZHG WR FUDZO WKH ZHE SDJHV��

)LJXUH ���� :HE &UDZOLQJ 6WXGLHV� <HDU DQG 7\SH RI 3XEOLFDWLRQ

)URP WKH �� VWXGLHV WKDW ZHUH VHOHFWHG� �� ZHUH UHYLHZV RU VXUYH\V RQ WKH PDWWHU� VR WKHVH DUH QRW

FRQWHPSODWHG LQ WKH JUDSKV UHJDUGLQJ WKH ODQJXDJH�WRRO DQG DSSURDFK�

$V VHHQ RQ )LJXUH ���� PRVW RI WKH VWXGLHV GR QRW PHQWLRQ WKH ODQJXDJH RU WRRO XVHG WR GHYHORS WKH

FUDZOHU� +RZHYHU� ZKHQ LW LV PHQWLRQHG� ZH FDQ REVHUYH WKDW WKH PRVW XVHG ODQJXDJH LV -DYD ��� VWXGLHV

FLWH LW RU FLWH D WRRO GHYHORSHG LQ LW� 1XWFK� $&+(� +HULWUL[� FUDZOHU�M DQG %8EL1*�� 7KH VHFRQG PRVW UHOHYDQW

LV 3\WKRQ �� VWXGLHV FLWH LW GLUHFWO\ DQG � FLWHV 6FUDS\ ZKLFK LV EXLOW RQ LW�� 7KH UHOHYDQFH RI -DYD LV GXH

WR LWV PXOWLWKUHDGLQJ IHDWXUH� DOORZLQJ KLJKHU VFDODELOLW\ DQG SURFHVVLQJ SRZHU� ZKLFK UHVXOWV LQ PRUH ZHE

SDJHV FUDZOHG LQ D ORZHU DPRXQW RI WLPH� 3\WKRQ FDQ KDYH LWV SODFH KHUH H[SODLQHG E\ LWV HDVH RI XVH DQG

��
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ORWV RI WKLUG�SDUW\ SDFNDJHV WKDW DOORZ SURJUDPPHUV WR GR DOPRVW HYHU\WKLQJ �IURP 1/3 WRROV DQG PDFKLQH

OHDUQLQJ DOJRULWKPV DQG IUDPHZRUNV WR ZHE FUDZOLQJ DSSOLFDWLRQV��

)LJXUH ���� :HE &UDZOLQJ 6WXGLHV� /DQJXDJH RU 7RRO

,Q UHJDUG WR WKH DOJRULWKP XVHG IRU WKH ZHE SDJHV· FODVVLILFDWLRQ RU 85/ SULRULW\� WKH PRVW XVHG DUH

1DLYH %D\HV �D SUREDELOLVWLF PDFKLQH OHDUQLQJ DOJRULWKP� PRVWO\ XVHG LQ 1/3 IRU WH[W FODVVLILFDWLRQ� GXH WR

LWV KLJK VFDODELOLW\� DQG WKH 7)�,') PHWULF �D QXPHULFDO VWDWLVWLF WKDW LV LQWHQGHG WR UHIOHFW KRZ LPSRUWDQW D

ZRUG LV WR D GRFXPHQW LQ D FROOHFWLRQ�� ZKLFK LV XVHG LQ FRQMXQFWLRQ ZLWK RWKHU DOJRULWKPV OLNH +,76 RU /6,�

1RQHWKHOHVV� PDQ\ GLIIHUHQW DOJRULWKPV DUH PHQWLRQHG� HDFK IRU D GLIIHUHQW SXUSRVH DQG DSSURDFK�

)RU H[DPSOH� VRPH VWXGLHV XVH PDFKLQH OHDUQLQJ DOJRULWKPV WR FODVVLI\ WKH ZHE SDJHV· FRQWHQW RU 85/

ZKLOH RWKHUV XVH RQWRORJLHV WR SURYLGH WKH PRVW UHOHYDQW NH\ZRUGV RU WHUPV DQG WKHQ XVH 960 WR FRPSDUH

DQG WKHQ ILOWHU WKH ZHE SDJHV UHODWHG WR WKH JLYHQ RQWRORJ\� %HVLGHV WKHVH WZR PHWKRGV� RWKHU WZR DUH

DOVR PHQWLRQHG LQ WKH VWXGLHV� FOLFNVWUHDP�EDVHG DOJRULWKPV �WKDW FODVVLI\ WKH ZHE SDJHV RQ D XVHU�JXLGHG

EDVLV IURP SUHYLRXV DFWLRQV� DQG FOXVWHULQJ�EDVHG �ZKLFK JURXSV ZHE SDJH RU 85/ IHDWXUHV LQWR FDWHJRULHV�

WKHUHIRUH EHLQJ DEOH WR YHULI\ LI WKH\ EHORQJ WR D FHUWDLQ WRSLF RU QRW��

:KHQ LW FRPHV WR WKH FUDZOLQJ DSSURDFK� IURP )LJXUH ��� ZH FRQFOXGHG WKDW WKH PRVW XVHG LV EDVHG

RQ WKH ZHE SDJH·V FRQWHQW �PHWDGDWD� +70/ WDJV DQG WH[W�� UHSUHVHQWLQJ DOPRVW ��� RI WKH VWXGLHV·

DSSURDFKHV� 6RPH VWXGLHV DOVR FRPELQH WKH FRQWHQW ZLWK WKH 85/ IRU WKH FODVVLILFDWLRQ� ZKLOH RWKHUV XVH

RQO\ WKH 85/� 7KHVH WKUHH W\SHV UHSUHVHQW FLUFD ��� RI WKH VWXGLHV� +RZHYHU� WKHUH DUH DOVR VWXGLHV ZKLFK

FRPELQH WKH FRPPRQ DSSURDFKHV ZLWK DQFKRU WH[W DQG FRQWH[W� SURYLGLQJ D VHHPLQJO\ PRUH FRQWH[WXDOL]HG

DQG IRFXVHG ZD\ RI FODVVLILFDWLRQ� $ PLQRULW\ VHW RI VWXGLHV WDNH µXQRUWKRGR[µDSSURDFKHV� OLNH FODVVLI\LQJ

WKH ZHE SDJHV EDVHG RQ FRQWH[W JUDSKV� VSHFLILF +70/ HOHPHQWV RU HYHQ RQ RQO\ +70/ WDJV RU WHUPV�

������� &KDWERW 'HYHORSPHQW

5HJDUGLQJ WKH &KDWERW 'HYHORSPHQW SDUW� ZH ZHUH DEOH WR SURGXFH WKH JUDSKV VHHQ RQ )LJXUH ��� �\HDU

RI WKH VWXG\·V SXEOLFDWLRQ DQG LWV W\SH� MRXUQDO RU FRQIHUHQFH�� )LJXUH ��� �ODQJXDJH RU WRRO RQ ZKLFK WKH

��
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)LJXUH ���� :HE &UDZOLQJ 6WXGLHV� $SSURDFK

FKDWERW RU LWV DOJRULWKP ZDV GHYHORSHG�� )LJXUH ��� �DOJRULWKP�DSSURDFK LPSOHPHQWHG LQ WKH FKDWERWV�

DQG )LJXUH ��� �GDWDVHW W\SH XVHG IRU JHQHUDWLQJ WKH DQVZHUV��

)URP WKH �� VWXGLHV WKDW ZHUH VHOHFWHG� � ZHUH UHYLHZV RU VXUYH\V RQ WKH PDWWHU� VR WKHVH DUH QRW

FRQWHPSODWHG LQ WKH JUDSKV UHJDUGLQJ WKH ODQJXDJH�WRRO� DOJRULWKP DQG DSSURDFK�

)LJXUH ���� &KDWERW 'HYHORSPHQW 6WXGLHV� <HDU DQG 7\SH RI 3XEOLFDWLRQ

$IWHU DQDO\]LQJ )LJXUH ���� LW LV LQWHUHVWLQJ WR SRLQW RXW WKDW HYHQ WKRXJK KDYLQJ D WLPH UDQJH IRU DUWLFOH

LQFOXVLRQ IURP ���� WR ����� WKH JUHDW PDMRULW\ RI VHOHFWHG VWXGLHV DUH YHU\ UHFHQW �WKH PRVW SURPLQHQW

\HDU ZDV ������

'HVSLWH PRUH WKDQ ��� RI WKH VWXGLHV QRW VSHFLI\LQJ WKH ODQJXDJH RU WRRO XVHG WR LPSOHPHQW WKH

FKDWERW� LQ )LJXUH ��� ZH FDQ REVHUYH WKDW PRVW RI WKH RWKHU ��� RI WKH VWXGLHV XVHG 0DFKLQH /HDUQLQJ

DQG 'HHS /HDUQLQJ IUDPHZRUN EDVHG RQ 3\WKRQ� OLNH 7HQVRUIORZ �ZKLFK ZDV WKH PRVW XVHG�� .HUDV DQG

3\WRUFK� 7KHDQR DQG 1/7. DUH DOVR UHIHUUHG WR DV DX[LOLDU\ WRROV LQ VRPH SURFHVVHV� *RRJOH $VVLVWDQW DQG

��
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)LJXUH ���� &KDWERW 'HYHORSPHQW 6WXGLHV� /DQJXDJH�7RRO

%(57 �*RRJOH·V %LGLUHFWLRQDO (QFRGHU 5HSUHVHQWDWLRQV IURP 7UDQVIRUPHUV� DUH XVHG DV FRPSOHPHQWDU\

VROXWLRQV IRU WKH DOUHDG\ PHQWLRQHG IUDPHZRUNV�

)LJXUH ���� &KDWERW 'HYHORSPHQW 6WXGLHV� $OJRULWKP�$SSURDFK

&RQFHUQLQJ WKH DOJRULWKPV RU DSSURDFKHV XVHG� PRVW RI WKH VHOHFWHG VWXGLHV ZHUH EDVHG RQ $UWLIL�

FLDO 1HXUDO 1HWZRUNV� LQ WKHLU YDULDQFHV RI 'HHS 1HXUDO 1HWZRUNV �'11� DQG 5HFXUUHQW 1HXUDO 1HWZRUNV

�511�� ,Q WKH �� VWXGLHV� � PHQWLRQHG WKH XVH RI WKH VHT�VHT �VHTXHQFH WR VHTXHQFH� DSSURDFK� ZKLFK

LPSOHPHQWV D 511 ZKHUH WKH FRQWH[W IRU HDFK LWHP LV WKH RXWSXW IURP WKH SUHYLRXV RQH� OHDGLQJ WR D

FRQYHUVDWLRQ FRQWH[WXDOL]DWLRQ DQG IROORZ�XS� � VWXGLHV DOVR PHQWLRQHG WKH XVH RI /670 �/RQJ 6KRUW 7HUP

0HPRU\�� ZKLFK LV DQ 511 DUFKLWHFWXUH XVHG IRU GHHS OHDUQLQJ� 7KLV GLVWULEXWLRQ FDQ EH VHHQ RQ )LJXUH

����

��
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)LJXUH ���� &KDWERW 'HYHORSPHQW 6WXGLHV� 'DWDVHW 7\SH

:KHQ LW FRPHV WR WKH W\SH RI GDWDVHW XVHG WR IHHG WKH FKDWERWV· DOJRULWKPV� WKH\ FDQ EH GLYLGHG LQWR

WZR PDMRU W\SHV� FRQYHUVDWLRQDO GDWDVHWV �H�J� EDVHG RQ PRYLH WUDQVFULSWLRQV� DQG 4$ GDWDVHWV �H�J� )$4V�

IRUXPV�� %DVHG RQ )LJXUH ���� ZH FDQ FRQFOXGH WKDW PRUH WKDQ D KDOI RI WKH VWXGLHV XVHG WKH ILUVW W\SH

RI GDWDVHWV� HLWKHU DORQH RU WRJHWKHU ZLWK RWKHU W\SHV RI GDWDVHWV �OLNH 4$ RU ZHE SDJHV FUDZOHG IURP WKH

LQWHUQHW��

����� 5HVHDUFK 4XHVWLRQV )LQGLQJV

,Q WKLV VXEVHFWLRQ� WKH UHVHDUFK TXHVWLRQV GHILQHG SUHYLRXVO\ ZLOO EH DQVZHUHG ZLWK WKH LQIRUPDWLRQ UHWULHYHG

IURP WKH VHOHFWHG OLWHUDWXUH�

54�� :KLFK WHFKQLTXH VKRXOG EH XVHG WR FUDZO WKH GHILQHG VRXUFHV"

8QOLNH .XPDU HW DO� ������� ZH GLYLGHG WKH VWXGLHV IRXQG UHJDUGLQJ IRFXVHG FUDZOLQJ LQ FDWHJRULHV EDVHG

RQ WKH HOHPHQWV RI WKH ZHE SDJH XVHG IRU LWV FODVVLILFDWLRQ RI WRSLF UHOHYDQFH� 6R� ZH IRXQG VWXGLHV WKDW

FODVVLILHG WKHP EDVHG RQO\ RQ LWV FRQWHQW �WH[W�� ZKLFK ZDV WKH PRVW IUHTXHQW PHWKRG� EDVHG RQ WKH 85/

RQO\ DQG EDVHG RQ WKH DQFKRU WH[W DQG OLQN FRQWH[W� $OVR� WKHUH DUH VWXGLHV WKDW FRPELQH WZR RU PRUH RI WKH

DERYH� $ORQJ ZLWK WKHVH PRVW SURPLQHQW PHWKRGRORJLHV� ZH DOVR IRXQG VWXGLHV WKDW XVHG FRQWH[W JUDSKV

DQG PHWDGDWD OLNH +70/ WDJV RU WHUPV�

:KLOH WKH DSSURDFKHV EDVHG RQ WKH SDJH·V FRQWHQW UHTXLUH LWV GRZQORDG� WKH DSSURDFKHV EDVHG RQ WKH

85/ DORQH FDQ ILOWHU WKHP EHIRUH LW LV GRZQORDGHG� OHDGLQJ WR OHVV SURFHVVLQJ HIIRUW�

%HVLGHV LWV FDWHJRU\� PRVW VWXGLHV IROORZ GLIIHUHQW DSSURDFKHV� 7KH PRVW FRPPRQ LV WKH DSSURDFK

XVLQJ VRIW FRPSXWLQJ� DSSO\LQJ WKH 1DLYH %D\HV DOJRULWKP� +RZHYHU� WKHUH DUH PDQ\ RWKHU DSSURDFKHV

IRXQG� VXFK DV WKH FRPELQDWLRQ RI 7)�,') DQG RWKHU DOJRULWKPV �OLNH /DWHQW 6HPDQWLF ,QGH[LQJ� 3DJH5DQN

��
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RU HYHQ 1DLYH %D\HV�� RQWRORJ\�EDVHG �H�J� XVLQJ VHPDQWLF UHOHYDQFH�� FOLFNVWUHDP�EDVHG RU XVLQJ FRQWH[W

JUDSKV�

6WDUWLQJ ZLWK WKH FRQWHQW�EDVHG PHWKRGRORJLHV� :DQJ HW DO� ������ DSSOLHG WR QHZV�UHODWHG ZHEVLWHV

WKH /DWHQW 'LULFKOHW $OORFDWLRQ �/'$� DOJRULWKP WR FODVVLI\ GLIIHUHQW QHZV WKURXJK WKHLU WLWOHV· NH\ZRUGV� /'$

LV DQ XQVXSHUYLVHG PDFKLQH OHDUQLQJ XVHG IRU WRSLF PRGHOOLQJ WKDW DOORZV XVHUV WR FOXVWHU D FROOHFWLRQ RI

GRFXPHQWV VR WKDW PRUH VLPLODU GRFXPHQWV DUH JURXSHG WRJHWKHU DQG OHVV VLPLODU GRFXPHQWV DUH SXW LQWR

GLIIHUHQW FDWHJRULHV�

5KHLQOlQGHU HW DO� ������ XVHG WKH 1DLYH %D\HV DOJRULWKP WR FODVVLI\ WKH PDLQ WH[W RI D ZHE SDJH� ZKLFK

ZDV SUHYLRXVO\ H[WUDFWHG DQG FRQYHUWHG WR D EDJ�RI�ZRUGV� $OVR XVLQJ 1DLYH %D\HV� :DQJ HW DO� ������

FRPELQHV LW ZLWK 7)�,') ZKLFK LV XVHG WR FRPSXWH WKH ZHLJKW RI HDFK ZRUG LQ WKH OLQN FRQWH[W LQ RUGHU WR

FDOFXODWH LWV FUDZOLQJ SULRULW\� ZKLOH $PDOLD HW DO� ������ VXJJHVWHG WKH XVH RI /DUJHU�6LWHV�)LUVW DOJRULWKP

IRU WKH VDPH SXUSRVH LQ WKH FRQWH[W RI FUDZOLQJ KHDOWK UHODWHG DUWLFOHV� +RZHYHU� WKH XVH RI WKH /DUJHU�

6LWHV�)LUVW GLG QRW EULQJ D VLJQLILFDQW LQFUHDVH RI UHODWHG FUDZOHG SDJHV� 6DOHK HW DO� ������ LPSOHPHQWHG

DQ RSWLPL]HG 1DLYH %D\HV DOJRULWKP� WKURXJK WKH H[FOXVLRQ RI RXWOLHUV ZLWK D 6XSSRUW 9HFWRU 0DFKLQH

�690� RSWLPL]DWLRQ XVLQJ D JHQHWLF DOJRULWKP DQG WKH VHOHFWLRQ RI WKH PRVW LQIRUPDWLYH H[DPSOHV IURP WKH

DYDLODEOH RQHV�

:KHQ LW FRPHV WR WKH 85/�EDVHG FODVVLILFDWLRQ� DOO WKH SURSRVHG FUDZOHUV GLIIHUHG LQ WKHLU DSSURDFKHV�

,W JRHV IURP D VLPSOH UHJH[ ILOWHULQJ SURFHVV �.KDOLO DQG )DNLU� ����� WR WKH XVDJH RI RQOLQH LQFUHPHQWDO

OHDUQLQJ GHVFULEHG E\ 6LQJK HW DO� ������� ZKLFK VHHV 85/�EDVHG WRSLF FODVVLILFDWLRQ DV D VWDWHOHVV 5H�

LQIRUFHPHQW /HDUQLQJ �5/� SUREOHP� 2Q WKH RWKHU KDQG� 5DMDODNVKPL DQG $UDYLQGDQ ������ GHYHORSHG D

FUDZOHU ZLWK WKH SDJH FODVVLILFDWLRQ EHLQJ GRQH ZLWK 690 DQG 0D[LPXP (QWURS\ FODVVLILHUV RQ FKDUDFWHU Q�

JUDP EDVHG IHDWXUHV H[WUDFWHG IURP WKH 85/� FRPSDULQJ ERWK PHWKRGRORJLHV DQG REWDLQLQJ VLPLODU UHVXOWV

IRU ERWK�

=KHQJ ������ FRPELQHG WKH JHQHWLF DQG DQW DOJRULWKPV� WDNLQJ WKH DGYDQWDJHV RI WKH WZR DOJRULWKPV

WR RYHUFRPH WKHLU VKRUWFRPLQJV� )HQJ HW DO� ������ SURSRVHV D IRFXVHG FUDZOHU ZLWK DQ DOJRULWKP FDOOHG

1DYLJDWLRQDO 5DQN� ZKLFK FRPSXWHV HDFK OLQN·V FDSDELOLW\ RI OHDGLQJ WR WDUJHW SDJHV E\ FRQVLGHULQJ ERWK

WKH WDUJHW DQG QRQ�WDUJHW SDJHV LW OHDGV WR XVLQJ D 0XOWLQRPLDO 1DLYH %D\HV DV D FODVVLILHU� EXW VWDWLQJ LW

FDQ EH XVHG ZLWK DQ\ FODVVLILFDWLRQ DOJRULWKP� $QRWKHU DSSURDFK LV SUHVHQWHG E\ 6XHEFKXD HW DO� �������

ZKLFK XVHV WKH DOUHDG\ GRZQORDGHG SDJHV WR HVWLPDWH WKH UHOHYDQFH RI DQRWKHU WKURXJK WKH QHLJKERXULQJ

IHDWXUH�

+HUQiQGH] HW DO� ������ VXJJHVWHG D FXVWRP DOJRULWKP� XVLQJ DQ XQVXSHUYLVHG PHWKRGRORJ\ EDVHG

H[FOXVLYHO\ RQ 85/ IHDWXUHV DQG EHLQJ DJQRVWLF WR YDULDEOHV OLNH GRPDLQ DQG ODQJXDJH� =KDQJ DQG /X ������

IRFXVHG RQ D VHPL�VXSHUYLVHG FOXVWHULQJ�EDVHG DSSURDFK� ZLWK WKH XVDJH RI IX]]\ FODVV PHPEHUVKLSV DQG

4�YDOXHV�

&RQVLGHULQJ RQO\ DQFKRU WH[W DQG OLQN FRQWH[W LQ WKH WRSLF UHOHYDQFH FDOFXODWLRQ� =KHQJ DQG 4LDQ ������

IROORZHG D NH\ZRUG H[WUDFWLRQ DSSURDFK EDVHG RQ WKH 7)�,') PHWULF� 1DJKLEL DQG 5DKPDQL ������ XVHV

WKH YLVLRQ�EDVHG SDJH VHJPHQWDWLRQ �9,36� DOJRULWKP� ZKLFK DOORZV WKH ZHE SDJH WR EH GLYLGHG LQWR EORFNV

XVLQJ '20 LQ DGGLWLRQ WR VRPH YLVXDO FOXHV RI WKH SDJH·V OD\RXW WR GHWHFW UHODWHG SDUWV RI WKH SDJH� DQG WKHQ

��
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FRQVLGHULQJ WKH WH[W RI D EORFN DV WKH FRQWH[W WH[W RI WKH OLQNV FRQWDLQHG WKHUH� $W ODVW� D FOXVWHULQJ�EDVHG

DSSURDFK LV SUHVHQWHG E\ /LX DQG 3HQJ ������� ZKHUH D QHZ NLQG RI GDWD VWUXFWXUH FDOOHG &)X�WUHH LV XVHG

WR VSHHG XS WKH SURFHVV RI KLHUDUFKLFDO FOXVWHULQJ�

$V PHQWLRQHG DERYH� WKHUH DUH DOVR VWXGLHV FRPELQLQJ WKHVH DSSURDFKHV� 8VLQJ D GRPDLQ RQWRORJ\�

%HGL HW DO� ������ SURSRVHG D IRFXVHG FUDZOHU WKDW XVHV VHPDQWLF VLPLODULW\ EDVHG RQ WKH 9HFWRU 6SDFH

0RGHO �960� GHULYHG IURP WKH ZHE SDJH·V FRQWHQW WH[W DQG 85/� ZKLOH D VLPLODU DSSURDFK LV IROORZHG E\

'X HW DO� ������ EXW XVLQJ WKH FRQWHQW DQG DQFKRU WH[WV LQVWHDG� 7RUNHVWDQL ������ DOVR XVHG WKH 960� EXW

FRPELQHG LW ZLWK D OHDUQLQJ DXWRPDWD� GHYHORSLQJ WKLV ZD\ DQ DGDSWLYH FUDZOHU WKDW XVHV FRQWHQW WH[W DQG

WKH 85/�

7KLV ODVW FRPELQDWLRQ RI FRQWHQW DQG 85/ LV DOVR SUHVHQW LQ WKH IROORZLQJ VWXGLHV� 'HQJ ������ �VH�

PDQWLF VLPLODULW\ PHWKRGRORJ\ XVLQJ 7)�,') DQG +,76 DOJRULWKP�� 0DOL DQG 0HVKUDP ������ DQG 7DQ DQG

0LWUD ������ �ERWK XVLQJ WKH DOJRULWKP LPSOHPHQWHG LQ *RRJOH VHDUFK HQJLQH 3DJH5DQN� ZKLOH WKH ODWWHU

XVHV DOVR D FOXVWHULQJ DSSURDFK FRPELQLQJ LW ZLWK 7)�,')�� 7D\ODQ HW DO� ������ DQG 3DZDU HW DO� ������ �XV�

LQJ D 1DLYH %D\HV FODVVLILHU�� /LX DQG 0LOLRV ������ �WKDW SURSRVHV WZR FUDZOHUV� RQH XVLQJ +LGGHQ 0DUNRY

0RGHOV �+00� DQG RWKHU XVLQJ &RQGLWLRQDO 5DQGRP )LHOGV �&5)V�� ERWK SUREDELOLVWLF PHWKRGRORJLHV� DQG

*R\DO HW DO� ������ DQG <DQ DQG 3DQ ������ �ERWK DGRSWLQJ WKH JHQHWLF DOJRULWKP� EXW WKH VHFRQG SUHVHQWHG

VRPH LPSURYHPHQWV WR LW��

<HW� UHJDUGLQJ WKH XVH RI FRQWH[W DQG DQFKRU WH[WV� -RH 'KDQLWK DQG 6XUHQGLUDQ ������ VXJJHVWHG DQ

RQWRORJ\�EDVHG FUDZOHU XVLQJ 1RUPDOL]HG 3RLQWZLVH 0XWXDO ,QIRUPDWLRQ �130,� DQG 5HVQLN EDVHG VHPDQ�

WLF VLPLODULW\ DOJRULWKP� LQ DQ HIIRUW WR PLWLJDWH WKH SUREOHPV FUHDWHG ZKHQ DSSO\LQJ 7)�,') ZHLJKWV� WKH

FUHDWLRQ RI VHYHUH GHYLDWLRQV IURP WKH SULRULWLHV RI XQYLVLWHG ZHE SDJHV DQG WKH IDFW WKDW WKH VLPLODULW\

FDOFXODWLRQ RQO\ KDSSHQV LI WKH ZRUG RFFXUV LQ WKH ZHE SDJH�

8VLQJ RQO\ WKH 85/ DQG WKH DQFKRU DQG FRQWH[W WH[WV LV DOVR SRVVLEOH� DV GHPRQVWUDWHG E\ 'DKLZDOH

HW DO� ������ DQG 9HQX HW DO� ������ �WKH ILUVW XVLQJ D 1DLYH %D\HV FODVVLILHU DQG WKH VHFRQG WKH +,76

DOJRULWKP IRU XQVXSHUYLVHG GRPDLQ RQWRORJ\ OHDUQLQJ��

$Q DSSURDFK XVLQJ DOO RI WKH DERYH �85/� FRQWHQW WH[W� DQFKRU WH[W DQG OLQN FRQWH[W� LV GHVFULEHG E\

;X HW DO� ������� ZKLFK XVHV WKH 0XWDWLRQ ,PSURYLQJ 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ $OJRULWKP� EHORQJLQJ WR

WKH OHDUQLQJ IRFXVHG FUDZOHU FDWHJRU\� 6H\IL HW DO� ������ SURSRVHV DQ KLHUDUFKLFDO VWUXFWXUH FDOOHG 7�*UDSK

WR GHILQH WKH SULRULW\ VFRUH IRU HDFK XQYLVLWHG OLQN XVLQJ VSHFLILF +70/ HOHPHQWV RI D SDJH WR SUHGLFW WKH

WRSLFDO IRFXV RI DOO WKH SDJHV WKDW KDYH DQ XQYLVLWHG OLQN ZLWKLQ WKH FXUUHQW SDJH�

(DFK VWXG\ KDV LWV DGYDQWDJHV DQG GLVDGYDQWDJHV� WKHUH DUH VLPSOHU DSSURDFKHV� EXW PRVW UHTXLUH D

ODEHOHG GDWDVHW RI SUHYLRXVO\ FROOHFWHG ZHE SDJHV� ZKLOH WKHUH DUH PRUH FRPSOH[ DOJRULWKPV EXW ZLWKRXW

WKH QHHG RI VDLG GDWDVHW� 0RVW RI WKH SURSRVHG FUDZOHUV SUHVHQW D WRSLF FODVVLILFDWLRQ DFFXUDF\ RI RYHU ���

ZKLFK DOUHDG\ UHSUHVHQWV D VLJQLILFDQW GHFUHDVH LQ WHUPV RI QXPEHU RI SDJHV WR EH ODWHU SURFHVVHG� +RZ�

HYHU� WKH GHVLUHG DSSURDFK PXVW XVH DQ XQVXSHUYLVHG DOJRULWKP RU DQRWKHU PHWKRGRORJ\ ZKLFK H[FOXGHV

WKH QHHG RI D SUH�SURFHVVHG ODEHOHG GDWDVHW�

$IWHU DQDO\]LQJ &29,'��� UHODWHG JRYHUQPHQW ZHEVLWHV� WKH\ DOO LQFOXGH VRPH UHIHUHQFH WR LW RQ WKH

85/� EHFDXVH WKH OLQN VWUXFWXUHV DUH RUJDQL]HG LQ D FHQWUDOL]HG ZD\ VR WKDW SHRSOH FDQ HDVLO\ DFFHVV DOO

��
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WKH LQIRUPDWLRQ DERXW WKH GLVHDVH LQ D VLPSOLILHG LQWHUDFWLRQ� 7KXV� DQ 85/�EDVHG FUDZOHU VKRXOG EH HQRXJK

WR ILOWHU WKH UHOHYDQW SDJHV� +RZHYHU� LI WKH UHVXOWV DUH QRW VDWLVIDFWRU\ DW WKH WLPH RI WKH LPSOHPHQWDWLRQ�

DQRWKHU FRQWH[WXDOL]DWLRQ VKRXOG EH DGGHG WR WKH DOJRULWKP� OLNH LQFOXGLQJ OLQN FRQWH[W DV D IHDWXUH LQWR WKH

FODVVLILFDWLRQ�

$QRWKHU LPSRUWDQW SRLQW LV WKH QHHG WR FUDZO LQWHUQDWLRQDO VRXUFHV LQ (QJOLVK� EXW DOVR QDWLRQDO HQWLWLHV·

ZHEVLWHV LQ 3RUWXJXHVH� VR WKH DOJRULWKP VKRXOG EH ODQJXDJH�DJQRVWLF� 7KLV UHSUHVHQWV DQ REVWDFOH WR

VHPDQWLF DSSURDFKHV RU RQWRORJ\�EDVHG� JLYHQ WKDW DW OHDVW WZR GDWDVHWV ZRXOG EH QHHGHG� RQH IRU HDFK

ODQJXDJH� ZLWK WKH LQFUHDVHG GLIILFXOW\ RI ODWHU H[SDQGLQJ WR RWKHU ODQJXDJHV� $W ILUVW� D UHJH[ DSSURDFK ZLOO

EH IROORZHG� JLYHQ WKH XQLYHUVDOLW\ RI WKH WHUPV µ&29,'µDQG µFRURQDYLUXVµ� +RZHYHU� LI WKDW LV QRW HQRXJK

WR ILOWHU WKH DGHTXDWH ZHE SDJHV� WKH WRRO SURSRVHG E\ +HUQiQGH] HW DO� ������ VHHPV WR EH D JRRG RSWLRQ�

VLQFH LW LV XQVXSHUYLVHG DQG ODQJXDJH�DJQRVWLF�

54�� :KLFK RSHQ�VRXUFH RU IUHH WRROV DUH DYDLODEOH IRU IRFXVHG ZHE FUDZOLQJ"

$OWKRXJK PRVW RI WKH VWXGLHV HLWKHU GLG QRW VSHFLI\ ZKLFK WRRO WKH\ XVHG IRU WKH GHYHORSPHQW RI WKH ZHE

FUDZOHU RU GHYHORSHG DQ DSSOLFDWLRQ ZLWK WKH ZDQWHG DOJRULWKP IURP URRW� WKH UHPDLQLQJ VWXGLHV PHQWLRQHG

RQO\ IUHH DQG RSHQ�VRXUFH IUDPHZRUNV�

� 1XWFK� � 1XWFK LV D VRIWZDUH SURMHFW LQFOXGHG LQ WKH $SDFKH )RXQGDWLRQ� ,W LV FRGHG HQWLUHO\ LQ

-DYD DQG KDV D KLJKO\ PRGXODU DUFKLWHFWXUH� 1XWFK DOORZV GHYHORSHUV WR FUHDWH SOXJLQV IRU VHYHUDO

SXUSRVHV� H�J� PHGLD�W\SH SDUVLQJ� GDWD UHWULHYDO� TXHU\LQJ DQG FOXVWHULQJ� 1XWFK LV RQH RI WKH

PRVW XVHG DQG ZHOO�HVWDEOLVKHG ZHE FUDZOHUV GXH WR LWV KLJK VFDODELOLW\� VLQFH LW LV EXLOW RQ +DGRRS

GDWD VWUXFWXUHV� LPSURYLQJ WKH SHUIRUPDQFH RI EDWFK SURFHVVLQJ� +RZHYHU� 1XWFK DORQH LV QRW D

IRFXVHG ZHE FUDZOHU� EXW FDQ EH PRGLILHG WR ZRUN WKDW ZD\ ZLWK WKH XVH RI SOXJLQV� 1XWFK LV XVHG

LQ $OPXKDUHE ������� +DVVDQ HW DO� ������� 5KHLQOlQGHU HW DO� ������ DQG 3DVDUL HW DO� �������

� $&+(� � $&+( LV D IRFXVHG ZHE FUDZOHU GHYHORSHG LQ WKH 9LVXDOL]DWLRQ� ,PDJLQJ� DQG 'DWD $QDO\VLV

&HQWHU DW 1HZ <RUN 8QLYHUVLW\� ZKLFK DOORZV WKH FROOHFWLRQ RI ZHE SDJHV WKDW EHORQJ WR D JLYHQ

GRPDLQ RU WKDW FRQWDLQ XVHU�GHILQHG UXOHV� $&+( LV EXLOW LQ -DYD DQG DOORZV ZHE SDJH FODVVLILFDWLRQ

DQG 85/ SULRULWL]DWLRQ� 7KLV WRRO LV PHQWLRQHG LQ 6DQWRV HW DO� �������

� %8EL1*� � %8EL1* LV D ZHE FUDZOHU WRRO GHYHORSHG E\ %ROGL HW DO� ������� LQ WKH /DERUDWRU\ RI :HE

$OJRULWKPLFV IURP 8QLYHUVLW\ RI 0LODQ� ,W LV DOVR EXLOW LQ -DYD DQG LV D KLJK�VSHHG GLVWULEXWHG FUDZOHU

WKDW FRRUGLQDWHV DXWRQRPRXVO\ WR GRZQORDG GDWD IURP WKH ZHE�

� FUDZOHU�M� � FUDZOHU�M LV DQ RSHQ VRXUFH ZHE FUDZOHU IRU -DYD ZKLFK SURYLGHV D VLPSOH LQWHUIDFH IRU

FUDZOLQJ WKH :HE� 7KH VHWXS LV YHU\ VLPSOH ZKHQ FRPSDULQJ WR RWKHU FUDZOHUV� GHYHORSHUV GHILQH
�KWWSV���JLWKXE�FRP�DSDFKH�QXWFK
�KWWSV���JLWKXE�FRP�9L'$�1<8�DFKH
�KWWSV���JLWKXE�FRP�/$:�8QLPL�%8EL1*
�KWWSV���JLWKXE�FRP�\DVVHUJ�FUDZOHU�M

��
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WZR IXQFWLRQV� VKRXOG9LVLW �ZKLFK VHWV LI D JLYHQ 85/ IURP D ZHE SDJH VKRXOG EH YLVLWHG RU QRW� DQG

YLVLW �ZKLFK VHWV WKH DFWLRQ WULJJHUHG ZKHQ D ZHE SDJH LV VXFFHVVIXOO\ GRZQORDGHG�� :LWK WKH ILUVW

IXQFWLRQ� D IRFXVHG FUDZOHU FDQ EH GHSOR\HG� (YHQ WKRXJK &UDZOHU�M GRHV QRW VXSSRUW GLVWULEXWHG

RSHUDWLRQV LW FDQ EH VFDOHG XS E\ DGGLQJ PXOWLSOH WKUHDGV� 6R� WKH SHUIRUPDQFH DQG HIILFLHQF\ RI

FUDZOHU�M FDQ EH LPSURYHG E\ LQFUHDVLQJ WKH QXPEHU RI FUDZOHU WKUHDGV DQG UHGXFLQJ WKH SROLWHQHVV

GHOD\� ,W LV XVHG E\ %HGL HW DO� �������

� +HULWUL[� � +HULWUL[ LV DQRWKHU ZHE FUDZOHU EXLOW LQ -DYD� EXW PDLQO\ GHVLJQHG IRU ZHE DUFKLYLQJ DQG LW

LV PDLQWDLQHG E\ 7KH ,QWHUQHW $UFKLYH� +HULWUL[ LV H[WHQVLEOH DQG D ZHE�VFDOH FUDZOHU� 7KH GHILQLWLRQ

RI UXOHV IRU WKH FUDZOLQJ SURFHVV FDQ EH GRQH� DOORZLQJ WKXV IRFXVHG FUDZOLQJ� DOWKRXJK LW LV QRW DV

VWUDLJKWIRUZDUG DV RWKHU WRROV� +HULWUL[ LV XVHG E\ +DR HW DO� �������

� 5&UDZOHU� � 5&UDZOHU LV D 5 SDFNDJH GHYHORSHG E\ .KDOLO DQG )DNLU ������� WKDW DXWRPDWLFDOO\ WUD�

YHUVHV DQG SDUVHV DOO ZHE SDJHV RI D ZHEVLWH� DQG H[WUDFWV DOO GDWD \RX QHHG IURP WKHP DW RQFH

ZLWK D VLQJOH FRPPDQG� ,W DOVR DOORZV GHYHORSHUV WR EXLOG D QHWZRUN UHSUHVHQWDWLRQ RI D ZHEVLWH·V

LQWHUQDO DQG H[WHUQDO K\SHUOLQNV� DLGLQJ WKHP WR EHWWHU XQGHUVWDQG D ZHEVLWH·V VWUXFWXUH� $OVR� IR�

FXVHG FUDZOLQJ LV SRVVLEOH WKURXJK 85/ DQG FRQWHQW�W\SH ILOWHULQJ� %HVLGHV WKDW� WKH PDLQ IHDWXUHV

RI 5&UDZOHU DUH PXOWL�WKUHDGHG FUDZOLQJ� FRQWHQW H[WUDFWLRQ� DQG GXSOLFDWH FRQWHQW GHWHFWLRQ�

� 6FUDS\� � 6FUDS\ LV RQH RI WKH PRVW XVHG ZHE FUDZOHUV� EHLQJ EXLOW LQ 3\WKRQ� ,W DOORZV FUDZOLQJ LQ D

IDVW� VLPSOH� \HW H[WHQVLEOH ZD\� +RZHYHU� 6FUDS\ GHIDXOWV DUH RSWLPL]HG IRU FUDZOLQJ VSHFLILF VLWHV�

DQG RQO\ DOORZV IRFXVHG FUDZOLQJ E\ LWVHOI WKURXJK 85/ ILOWHULQJ� 7KLV ZHE FUDZOHU LV FLWHG LQ ;LH DQG

;LD �������

$Q RYHUDOO FRPSDULVRQ RI WKH DIRUHPHQWLRQHG WRROV LV SUHVHQWHG LQ 7DEOH ����

7DEOH ���� :HE &UDZOLQJ 7RROV &RPSDULVRQ

7RRO /DQJXDJH
)RFXVHG
&UDZOHU

&RQWLQXRXV
&UDZOLQJ

3DUDOOHO
&UDZOLQJ

([WHQVLEOH
&RQWHQW�EDVHG
&UDZOLQJ

85/�EDVHG
&UDZOLQJ

0L[HG
&UDZOLQJ

0DLQWHQDQFH

$SDFKH 1XWFK -DYD 3DUWLDOO\ 1R <HV <HV <HV <HV <HV <HV
$&+( -DYD <HV <HV 1R 1R <HV <HV <HV <HV
%8EL1* -DYD 1R <HV <HV 1R 1R 1R 1R <HV
FUDZOHU�M -DYD <HV <HV 3DUWLDOO\ 1R 1R <HV 1R 3DUWLDOO\
+HULWUL[ -DYD 3DUWLDOO\ <HV <HV <HV 1R <HV 1R <HV
5&UDZOHU 5 3DUWLDOO\ 1R <HV 1R 1R <HV 1R 3DUWLDOO\
6FUDS\ 3\WKRQ 3DUWLDOO\ 1R <HV <HV 1R 1R 1R <HV

$IWHU DQDO\]LQJ DOO WKH SUHVHQWHG ZHE FUDZOHUV� $&+( ZDV WKH VHOHFWHG WRRO� VLQFH LW KDV PDQ\ IHDWXUHV

FRQVLGHUHG UHOHYDQW WR WKH VFRSH RI WKH SURMHFW� FRQWLQXRXV FUDZOLQJ� ZHE SDJH FODVVLILHUV DQG 85/ SULRU�

LWL]DWLRQ WR FUDZO RQO\ WRSLF�UHODWHG GDWD �UHJDUGLQJ &29,'���� DQG WKH LQGH[LQJ RI WKH FUDZOHG SDJHV ZLWK

(ODVWLFVHDUFK� $OVR� WKH GDWD SURFHVVLQJ VWHS ZDV QRW WDNHQ LQWR DFFRXQW LQ WKLV VWHS DV LW FDQ HDVLO\ EH
�KWWSV���JLWKXE�FRP�LQWHUQHWDUFKLYH�KHULWUL[�
�KWWSV���JLWKXE�FRP�VDOLPN�5FUDZOHU
�KWWSV���JLWKXE�FRP�VFUDS\�VFUDS\

��
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GRQH LQ D PRGXOH DSDUW IURP WKH FUDZOHU LWVHOI� $QRWKHU SRLQW WKDW ZHLJKWHG IDYRXUDEO\ WR $&+( ZDV WKH

IDFW WKDW LW LV EXLOW LQ -DYD DQG DOORZV IDVW DQG VFDODEOH SURFHVVLQJ �GXH WR PXOWL�WKUHDGLQJ��

54�� :KLFK JHQHUDWLYH GHHS OHDUQLQJ DOJRULWKPV FDQ EH XVHG IRU WKH FKDWERW DSSOLFDWLRQ"

1HLWKHU RI WKH VWXGLHV VHOHFWHG IROORZHG WKH DSSURDFK RI KDYLQJ UDZ WH[W H[WUDFWHG IURP WKH ZHE DV LQSXW

IRU WKH LQWHOOLJHQW VHOI�OHDUQLQJ DOJRULWKPV XVHG LQ WKH FKDWERWV� WKH\ HLWKHU XVHG FRQYHUVDWLRQDO GDWDVHWV

�OLNH :KDWVDSS FRQYHUVDWLRQV LQ &KDQGUD DQG 6X\DQWR ������ RU (QJOLVK�)UHQFK WUDQVODWLRQ WDVN IURP WKH

:07·�� LQ 1JX\HQ DQG 6KFKHUEDNRY �������� 4$ GDWDVHWV �H�J� 4$ SDLUV IURP WKH .DJJOH KHDOWKFDUH

VHUYLFHV FRPSHWLWLRQ LQ 9DPVL HW DO� ������ RU <DKRR� $QVZHUV GDWDVHW LQ *DR DQG 5HQ ������� RU D

FRPELQDWLRQ RI ERWK �&RUQHOO PRYLH GLDORJXH DQG D FXVWRP�EXLOW LQVXUDQFH 4$ GDWDVHWV LQ 1XUX]]DPDQ

DQG +XVVDLQ ��������

6LQFH LQ WKLV ZRUN ZH GR QRW ZDQW WR VWDUW IURP D SUH�EXLOW ODEHOOHG FRQYHUVDWLRQDO GDWDVHW RU )$4

GRFXPHQWV� QRQH RI WKH SUHVHQWHG VROXWLRQV FDQ EH IROORZHG µDV LVµ� +RZHYHU� ZH ZHUH DEOH WR LGHQWLI\

VRPH LQGLUHFW DOWHUQDWLYHV ZKLFK FDQ EH XVHG WR VROYH WKH SUREOHP RI FUHDWLQJ D FKDWERW EDVHG RQ UDZ

WH[WXDO GDWD�

� 1XUX]]DPDQ DQG +XVVDLQ ������ SUHVHQWHG LQ WKHLU VWXG\ D UHYLHZ RI WKH H[LVWLQJ GLDORJ�EDVHG

FKDWERW DSSURDFKHV� ZKHUH WKH\ LGHQWLILHG RQH WKDW FRXOG EH DSSOLHG LQ WKLV ZRUN �DOWKRXJK WKH\ ZHUH

QRW WKH PDLQ VXEMHFW RI WKHLU VWXG\�� ,W FRQVLVWV RI D VHDUFK�HQJLQH EDVHG PRGHO� E\ DSSO\LQJ LQGH[LQJ

DQG VHDUFK VRIWZDUH �OLNH $SDFKH /XFHQH�� WR WKH JDWKHUHG ZHE GRFXPHQWV DQG WKHQ� JLYHQ WKH

XVHUV· TXHULHV� REWDLQ WKH PRVW UHOHYDQW DQVZHU� )ROORZLQJ WKLV PHWKRGRORJ\� WKH ZHE SDJHV FRXOG EH

VHJPHQWHG LQ HLWKHU VHQWHQFHV RU SDUDJUDSKV �XVLQJ WRSLF VHJPHQWDWLRQ� DQG WKHQ LQGH[HG RQH E\

RQH� 7KH PXOWL�OLQJXDO UHTXLUHPHQW KHUH ZRXOG QRW EH D SUREOHP� DV WKH LQGH[HV ZRXOG DOORZ SUHFLVH

VHDUFKHV LQ HLWKHU ODQJXDJHV �(QJOLVK DQG 3RUWXJXHVH�� +RZHYHU� D FRQYHUVDWLRQDO GLDORJ ZRXOG QRW

EH SRVVLEOH ZLWK WKLV DSSURDFK SHU�VH� DQ H[WUD FRPSRQHQW ZRXOG EH QHHGHG LQ WKH DSSOLFDWLRQ LQ

RUGHU WR DOORZ UHVSRQGLQJ WR µFKLW�FKDWµLQWHUDFWLRQV �H�J� JUHHWLQJV��

� 7KH VHFRQG DOWHUQDWLYH LV EDVHG RQ WKH DSSURDFK SUHVHQWHG E\ /L HW DO� ������� ,W XVHV %(57�

*RRJOH·V SUH�WUDLQHG ODQJXDJH PRGHO� ,Q RXU FDVH� WKH PRGHO FRXOG EH WUDLQHG RQ 4$ GDWDVHWV OLNH

64X$' �6WDQIRUG 4XHVWLRQ $QVZHULQJ 'DWDVHW��� EXW WKHUH LV WKH QHHG IRU WZR GLIIHUHQW PRGHOV� RQH

IRU HDFK ODQJXDJH �(QJOLVK DQG 3RUWXJXHVH�� $OVR� WKH WH[WXDO GDWD FUDZOHG IURP WKH ZHE VRXUFHV

ZRXOG EH IHG WR WKH PRGHO DQG WKH DQVZHUV WR WKH XVHUV· TXHVWLRQV ZRXOG EH UHWULHYHG IURP WKDW GDWD�

7KH GRZQVLGH LV WKH JUDPPDU LQFRQVLVWHQF\ LQ WKH JHQHUDWHG DQVZHUV� DV WKH\ DUH SDUWV GLUHFWO\

UHWULHYHG IURP WKH WH[W� 7KLV DSSURDFK LV DOVR SDUWLDOO\ DSSOLHG E\ %DUERVD HW DO� ������ LQ WKHLU ZRUN�

� $QRWKHU DSSOLFDEOH DSSURDFK LGHQWLILHG ZDV IRXQG LQ WKH VWXG\ FRQGXFWHG E\ $GDPRSRXORX DQG

0RXVVLDGHV ������� ,W FRQVLVWV LQ XVLQJ WKH .QRZOHGJH &RQQHFWRU %(7$ IXQFWLRQDOLW\ RI 'LDORJIORZ���
�KWWSV���OXFHQH�DSDFKH�RUJ�
�KWWSV���UDMSXUNDU�JLWKXE�LR�64X$'�H[SORUHU�
��KWWSV���FORXG�JRRJOH�FRP�GLDORJIORZ

��
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'LDORJIORZ �IRUPHUO\ NQRZQ DV DSL�DL� LV D QDWXUDO ODQJXDJH XQGHUVWDQGLQJ SODWIRUP RZQHG E\

*RRJOH� WKDW DOORZV WKH FUHDWLRQ RI FRQYHUVDWLRQDO XVHU LQWHUIDFHV� ,W VXSSRUWV PRUH WKDQ �� GLIIHUHQW

ODQJXDJHV� EXW LW LV PDLQO\ UXOH�EDVHG� 2Q WKH RWKHU KDQG� WKH .QRZOHGJH &RQQHFWRUV IXQFWLRQDOLW\

SDUVHV GRFXPHQWV WR ILQG DXWRPDWHG UHVSRQVHV� ZLWKRXW WKH QHHG RI SUH�GHILQHG UXOHV� 2QH RI LWV

DGYDQWDJHV LV WKH IDFW WKDW LW NHHSV OHDUQLQJ ZLWK WKH XVDJH RI WKH WRRO� SURYLGLQJ EHWWHU DQVZHUV

HDFK WLPH� 7KH FRQV DUH WKDW LW LV QRW HQWLUHO\ IUHH DQG WKH IXQFWLRQDOLW\ WKDW LV FRPSDWLEOH ZLWK RXU

XVH FDVH LV RQO\ RQ WKH %(7$ SKDVH�

� $OVR� D IRXUWK DOWHUQDWLYH LV WR FRPELQH ERWK WKH VHDUFK�HQJLQH EDVHG PRGHO DQG WKH %(57 PRGHO�

7KH UDZ WH[WXDO GDWD FDQ EH VHSDUDWHG LQ SDUDJUDSKV� ZKLFK DUH WKHQ LQGH[HG E\ WKH VHDUFK�HQJLQH

WRRO DQG ODWHO\ UHWULHYHG WKH EHVW PDWFK WR VHUYH DV WKH FRQWH[W SDUDJUDSK ZKHUH %(57 ZLOO H[WUDFW WKH

DQVZHU WR WKH SURYLGHG XVHU TXHU\� 7KLV ZD\� D PRUH SUHFLVH DQVZHU LV JLYHQ DQG %(57 FRPSXWHV

RQ D VPDOOHU LQSXW�

$IWHU DQDO\]LQJ WKHVH IRXU SRVVLELOLWLHV� ZH GHFLGHG WR IROORZ WKH ODVW GHVFULEHG DSSURDFK� VHDUFK�HQJLQH

EDVHG PRGHO FRPELQHG ZLWK %(57� ZKLFK DOORZV OHVV WH[W SURFHVVLQJ DQG WKH JHQHUDWLRQ RI SUHFLVH DQG

FRQFLVH DQVZHUV� 7KLV PRGHO FDQ EH H[WHQGHG WR RWKHU WKHPDWLFV HDVLO\� E\ FKDQJLQJ WKH LQSXW WH[WXDO GDWD�

+RZHYHU� D VHSDUDWLRQ RI SURFHVVHV ZLOO EH QHHGHG WR GLIIHUHQWLDWH (QJOLVK DQG 3RUWXJXHVH VRXUFHV�TXHV�

WLRQV�

��� /LPLWDWLRQV

7KH FRQGXFWHG 6/5 SURYLGHV D VROLG RYHUYLHZ RI WKH H[LVWLQJ OLWHUDWXUH DURXQG IRFXVHG ZHE FUDZOHUV DQG

WKH DVVRFLDWHG FKDWERW LPSOHPHQWDWLRQ� +RZHYHU� WKHUH DUH VRPH OLPLWDWLRQV WR WKLV UHVHDUFK DSSURDFK�

:LWKRXW KDYLQJ D FOHDU DQG SUHFLVH VHDUFK TXHU\ �ZKHQ WKHUH LV QRW D GHHS XQGHUVWDQGLQJ RI WKH

WKHPDWLFV WR EH UHVHDUFKHG�� D VLJQLILFDQW QXPEHU RI VWXGLHV ZLOO EH IRXQG� $V PDQ\ RI WKHP FDQ EH IRXQG

LUUHOHYDQW DIWHU D GHHS DQDO\VLV� LW LV GLIILFXOW WR UHWDLQ WKH IRFXV�

$OVR� ILOWHULQJ WKHP ZLWK D 4XDOLW\ $VVHVVPHQW FDQ H[FOXGH LQWHUHVWLQJ VWXGLHV WKDW FDQ SURYLGH D GLV�

UXSWLYH DQG LQQRYDWLYH VROXWLRQ WR WKH SUREOHP�

���� &RQFOXVLRQ

7KLV V\VWHPDWLF OLWHUDWXUH UHYLHZ SUHVHQWV DQ RYHUYLHZ RQ KRZ D FKDWERW DSSOLFDWLRQ FDQ EH EXLOW EDVHG RQ

FUDZOHG WH[WXDO GDWD IURP UHOLDEOH VRXUFHV� ZKLFK FDQ EH YHU\ XVHIXO WR ILJKW PLVLQIRUPDWLRQ GLVVHPLQDWLRQ

�LQ WKLV FDVH� UHJDUGLQJ &29,'�����

)LUVWO\� D OLVW RI ZHE FUDZOLQJ DSSOLFDWLRQV�WRROV ZDV SUHVHQWHG� DV ZHOO DV D FRQFLVH FRPSDULVRQ EH�

WZHHQ WKHP� $OVR RQ WKLV WRSLF� WKH H[LVWLQJ DSSURDFKHV IRU IRFXVHG FUDZOLQJ ZHUH GLVFXVVHG DQG XOWLPDWHO\

D SDLU RI WRRO DQG DSSURDFK ZDV GHILQHG E\ WKH DXWKRUV DV WKH JR�WR VROXWLRQ�

��
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6HFRQGO\� IRXU DOWHUQDWLYHV ZHUH LGHQWLILHG IRU WKH GHYHORSPHQW RI WKH FKDWERW LWVHOI� IHG E\ WKH FUDZOHG

GDWD� 7KHVH DOWHUQDWLYHV ZHUH HLWKHU LQGLUHFWO\ H[WUDFWHG IURP WKH IRXQG VWXGLHV RU SURSRVHG E\ WKH DXWKRUV�

DV WKHUH ZDV QRW D GLUHFW DSSURDFK IRU WKH SUREOHP EHLQJ DGGUHVVHG LQ WKLV VWXG\� $OO WKH VWXGLHV IRXQG

UHOLHG RQ D SUH�EXLOG GDWDVHW RI FRQYHUVDWLRQDO WH[W RU 4$ SDLUV�

+RZHYHU� WKHUH PLJKW EH WKH QHHG IRU DQ DGGLWLRQDO UHYLHZ UHJDUGLQJ WH[W SURFHVVLQJ DQG WH[W VXPPD�

UL]DWLRQ� $IWHU DQDO\]LQJ WKH UHVXOWV SUHVHQWHG LQ &KDSWHU �� IXWXUH ZRUN LV UHTXLUHG WR UHPRYH LUUHOHYDQW

WH[WXDO LQIRUPDWLRQ RQ WKH GRZQORDGHG ZHE SDJHV�

��
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$UFKLWHFWXUH DQG 6ROXWLRQ 'HVLJQ

7KLV FKDSWHU SUHVHQWV WKH VROXWLRQ GHVLJQ IRU ZRUN� GHVFULELQJ WKH DUFKLWHFWXUHV RI WKH ZKROH V\VWHP DQG

RI LWV FRPSRQHQWV� ZHE FUDZOHU� WH[W SURFHVVRU DQG FKDWERW DSSOLFDWLRQ�

��� 6\VWHP 2YHUYLHZ

:LWK WKH VWDWH RI WKH DUW GHVFULEHG� D PRGHO RI WKH V\VWHP·V DUFKLWHFWXUH FRXOG EH GHVLJQHG� FRQVLVWLQJ RI

WKUHH PDLQ FRPSRQHQWV� :HE &UDZOHU� 7H[W 3URFHVVRU DQG &KDWERW $SSOLFDWLRQ�

)LJXUH ���� 6\VWHP 2YHUYLHZ� +LJK�/HYHO $UFKLWHFWXUH

$V VHHQ RQ )LJXUH ���� WKH V\VWHP·V EHKDYLRXU VWDUWV ZLWK WKH :HE &UDZOHU IHWFKLQJ WKH UHOHYDQW ZHE

SDJHV IURP WKH ,QWHUQHW DQG WKHQ VWRULQJ WKHP RQ WKH ORFDO ILOH V\VWHP� 7KH 7H[W 3URFHVVRU SDUVHV WKH

GRZQORDGHG ZHE SDJHV� UHPRYLQJ WKH +70/ PHWDGDWD DQG RWKHU LUUHOHYDQW GDWD DQG LQGH[HV WKH WH[W LQ

��



&+$37(5 �� $5&+,7(&785( $1' 62/87,21 '(6,*1

(ODVWLF6HDUFK� 7KH &KDWERW $SSOLFDWLRQ LQWHUSUHWV WKH XVHUV· TXHVWLRQV� TXHULHV (ODVWLF6HDUFK IRU WKH PRVW

UHOHYDQW GRFXPHQW DQG WKHQ JHQHUDWHV WKH DQVZHU XVLQJ D WUDLQHG %(57 PRGHO� VHQGLQJ WKH UHVSRQVH WR

WKH XVHUV DV WKH ODVW VWHS�

7ZR IORZFKDUWV ZHUH GHYHORSHG WR KHOS XQGHUVWDQGLQJ WKH IORZ RI WKH LQIRUPDWLRQ DFURVV WKH V\VWHP�

WKH ILUVW GHSLFWV WKH JDWKHULQJ DQG VWRUDJH RI WKH LQIRUPDWLRQ �:HE &UDZOHU DQG 7H[W 3URFHVVRU� )LJXUH �����

ZKLOH WKH VHFRQG VKRZV WKH IHWFKLQJ DQG JHQHUDWLRQ RI WKH DQVZHU WR D JLYHQ TXHVWLRQ �&KDWERW $SSOLFDWLRQ�

)LJXUH �����

)LJXUH ���� ,QIRUPDWLRQ )ORZFKDUWV� :HE &UDZOHU � 7H[W 3URFHVVRU

7KH DUFKLWHFWXUH IRU HDFK RI WKH V\VWHP·V FRPSRQHQWV LV SUHVHQWHG LQ GHWDLO LQ WKH QH[W VHFWLRQV�

��� :HE &UDZOHU

7KH :HE &UDZOHU FRPSRQHQW LV UHVSRQVLEOH IRU GRZQORDGLQJ WKH UHOHYDQW SDJHV IURP WKH UHOLDEOH ZHEVLWHV

�ZKLFK DUH SDVVHG WR WKH ZHE FUDZOHU DV WKH VWDUW VHW RI 85/V WR EH FUDZOHG� DQG WKHQ VWRULQJ WKHP WR

��
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)LJXUH ���� ,QIRUPDWLRQ )ORZFKDUWV� &KDWERW $SSOLFDWLRQ

PDNH WKHP DYDLODEOH IRU WKH 7H[W 3URFHVVRU FRPSRQHQW LQ RUGHU WR DOORZ LWV LQIRUPDWLRQ H[WUDFWLRQ�

$V VWDWHG LQ VHFWLRQ ������ WKH VHOHFWHG WRRO IRU ZHE FUDZOLQJ LV $&+(� ,W LV GHYHORSHG LQ -DYD� DOORZLQJ

PXOWL�WKUHDGLQJ DQG WKXV PRUH HIILFLHQW SURFHVVLQJ� ZLWK PRUH SDJHV FUDZOHG LQ D UHGXFHG DPRXQW RI WLPH�

$OVR� LW FRPHV ZLWK PXOWLSOH XVHIXO IHDWXUHV� OLNH WKH HDV\ VHWXS RI WKH SDJH FODVVLILHU� LQ RUGHU WR DOORZ WKH

IRFXVHG FUDZOLQJ RI WKH ZHE SDJHV�

$&+( FDQ EH GHSOR\HG ORFDOO\ XVLQJ D 'RFNHU FRQWDLQHU� ZLWK ERXQG YROXPHV FRQQHFWLQJ WR WKH ORFDO

ILOH V\VWHP �WKXV VKDULQJ ILOHV OLNH WKH FRQILJXUDWLRQV DQG WKH RXWSXW GRZQORDGHG SDJHV��

7KH $&+( FUDZOHU ZDV GHYHORSHG WR UXQ ZLWK D VHW RI SDUDPHWHUV� 7KH VHHGV ILOH FRQWDLQV WKH OLVW RI

ZHEVLWHV WKDW DUH JRLQJ WR EH FUDZOHG� 7KH FUDZOHU FRQILJXUDWLRQ ILOH ZKLFK LV D <$0/ ILOH ZLWK FRQILJXUDWLRQV

OLNH WKH RXWSXW IRUPDW DQG WKH FUDZOLQJ VWUDWHJ\� 7KH ILOWHULQJ PRGHO LV GHVFULEHG DOVR LQ D <$0/ ILOH DQG

LW GHILQHV ZKLFK SDJHV DUH FRQVLGHUHG UHOHYDQW RU QRW� 7KLV ILOWHULQJ PRGHO FDQ HLWKHU EH D UHJH[ YDOLGDWLRQ

RQ WKH ZHE SDJHV· 85/� ERG\ RU ERWK� RU D 0DFKLQH /HDUQLQJ PRGHO SUHYLRXVO\ WUDLQHG� 7KH FRQILJXUDWLRQV

DQG ILOWHULQJ PRGHO LV IXUWKHU GLVFXVVHG LQ &KDSWHU ��

,Q )LJXUH ���� WKH :HE &UDZOHU·V DUFKLWHFWXUH LV JUDSKLFDOO\ SUHVHQWHG�

7KH GHSOR\HG FUDZOHU IHWFKHV WKH ZHE SDJHV� FODVVLILHV WKHP DV UHOHYDQW RU QRW �IROORZLQJ WKH JLYHQ

SDJH FODVVLILHU� DQG� LI VR� GRZQORDGV DQG VWRUHV WKHP LQ WKH ORFDO ILOH V\VWHP·V GHILQHG IROGHU�

��
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)LJXUH ���� :HE &UDZOHU� /RZ�/HYHO $UFKLWHFWXUH

��� 7H[W 3URFHVVRU

7KH 7H[W 3URFHVVRU LV UHVSRQVLEOH IRU H[WUDFWLQJ UHOHYDQW WH[WXDO LQIRUPDWLRQ IURP WKH FUDZOHG ZHE SDJHV�

7KH DUFKLWHFWXUH IRU WKLV FRPSRQHQW LV SUHVHQWHG RQ )LJXUH ����

)LJXUH ���� 7H[W 3URFHVVRU� /RZ�/HYHO $UFKLWHFWXUH

,Q RUGHU WR GR ZKDW LW LV VXSSRVHG WR� WKLV FRPSRQHQW LV FRPSRVHG E\ WZR VXEPRGXOHV�

� 7KH )LOH 0RYHU� ZKLFK IHWFKHV WKH GRZQORDGHG ZHE SDJHV E\ WKH FUDZOHU DQG PRYHV WKHP WR WKH 7H[W

3URFHVVRU ZRUNLQJ DUHD� 7KLV DUHD LV XVHG WR EHWWHU PDQDJH ILOH SURFHVVLQJ� NHHSLQJ D FRQVLVWHQW

SLSHOLQH RI VXFFHVVIXOO\ SURFHVVHG ILOHV DQG WKRVH WKDW ILQLVKHG ZLWK HUURUV�

� 7KH )LOH 3URFHVVRU� ZKLFK GRHV WKH WH[W SURFHVVLQJ� FRQVLVWLQJ LQ SDUVLQJ WKH ILOHV� GHFRGLQJ WKH

%DVH�� VWULQJV �$&+(·V SUHGHILQHG +70/ RXWSXW HQFRGLQJ� DQG H[WUDFWLQJ WKH WH[WXDO FRQWHQW IURP

WKH +70/ �UHPRYLQJ WKH WDJV DQG RWKHU PHWDGDWD LUUHOHYDQW IRU WKH FKDWERW�� :KHQ WKH SURFHVVLQJ

LV FRPSOHWH� WKLV VXEPRGXOH VWRUHV WKH JHQHUDWHG GRFXPHQW LQ DQ (ODVWLF6HDUFK VHUYHU� ZKLFK

LQGH[HV LW DQG DOORZV D QHDU UHDO�WLPH VHDUFK RI WKH GRFXPHQWV� 7KXV� WKH EULGJH EHWZHHQ WKH

7H[W 3URFHVVRU·V SURFHVVHG ILOHV DQG WKH FKDWERW DSSOLFDWLRQ LV EXLOW XVLQJ (ODVWLF6HDUFK�

��
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��� &KDWERW $SSOLFDWLRQ

7KH &KDWERW LV WKH DSSOLFDWLRQ WKDW DOORZV WKH LQWHUDFWLRQ ZLWK XVHUV� ,W SDUVHV WKH XVHUV· TXHVWLRQV DQG

WULHV WR DQVZHU LW WKURXJK D 5(67IXO $3,� $Q RYHUYLHZ RI WKLV FRPSRQHQW·V DUFKLWHFWXUH FDQ EH VHHQ RQ

)LJXUH ����

)LJXUH ���� &KDWERW $SSOLFDWLRQ� /RZ�/HYHO $UFKLWHFWXUH

7KH XVHU FDQ LQWHUDFW ZLWK WKH DSSOLFDWLRQ WKURXJK D ZHE DSSOLFDWLRQ� IRU HDVLHU DQG VLPSOH DFFHVV�

JLYHQ WKH IDFW WKDW DOPRVW HYHU\RQH QRZDGD\V SRVVHVVHV D GHYLFH ZLWK LQWHUQHW FRQQHFWLRQ� 7KLV DSSOLFD�

WLRQ FDQ EH GHYHORSHG LQ 5HDFW� DOORZLQJ D VWUDLJKWIRUZDUG GHYHORSPHQW DQG OLWWOH WLPH WR PDUNHW� $OVR�

5HDFW LV RQH RI WKH PRVW SRSXODU IURQWHQG GHYHORSPHQW IUDPHZRUNV� KDYLQJ D KXJH FRPPXQLW\ DQG ORWV

RI GRFXPHQWDWLRQ DQG VXSSRUW�

7KH DSSOLFDWLRQ LQWHUSUHWV WKH TXHVWLRQV DQG SDVVHV WKHP WR WKH EDFNHQG PRGXOH� ZKLFK ZLOO EH SUH�

VHQWHG DV D 5(67IXO $3,� 7KLV $3, FDQ EH GHYHORSHG XVLQJ )DVW$3,� 7KLV IUDPHZRUN DOORZV WKH GHYHORSPHQW

RI $3,V LQ DQ DJLOH ZD\� ZLWK VLPSOH GHILQLWLRQV DQG DFFHVV PDQDJHPHQW� %HLQJ EDVHG RQ 3\WKRQ� LW FDQ

DOVR EH XVHIXO DV WKHUH DUH PDQ\ SDFNDJHV DYDLODEOH IRU PDFKLQH DQG GHHS OHDUQLQJ�

7KH $3, ZLOO SURFHVV WKH TXHVWLRQV� TXHU\ WKH (ODVWLF6HDUFK VHUYHU IRU WKH PRVW UHOHYDQW GRFXPHQW DQG

SURYLGH LW WR WKH WUDLQHG %(57 PRGHO� ZKLFK ZLOO WKHQ H[WUDFW WKH DQVZHU WR WKH JLYHQ TXHVWLRQ� $W ODVW� WKH

$3, UHWXUQV LW WR WKH DSSOLFDWLRQ� ZKLFK GLVSOD\V WKH µFRQYHUVDWLRQµRQ WKH XVHUV· SKRQH�

%(57 LV WKH PDFKLQH OHDUQLQJ PRGHO WKDW ZLOO EH XVHG WR JHQHUDWH WKH DQVZHUV IRU WKH JLYHQ TXHV�

WLRQV� XVLQJ D FRQWH[W SDUDJUDSK IRU WKH SXUSRVH� %(57 LV DQ RSHQ VRXUFH IUDPHZRUN IRU 1DWXUDO /DQJXDJH

3URFHVVLQJ ZKLFK LV XVHG WR KHOS XQGHUVWDQG WKH PHDQLQJ RI DPELJXRXV ODQJXDJH LQ WH[W E\ XVLQJ VXU�

URXQGLQJ WH[W WR HVWDEOLVK FRQWH[W �/XWNHYLFK� ������ %(57 ZDV WUDLQHG XVLQJ WH[W IURP WKH :LNLSHGLD �LQ

RQH ODQJXDJH RU PDQ\� GHSHQGLQJ RQ WKH PRGHO� DQG FDQ EH ILQH�WXQHG XVLQJ RWKHU WH[W�EDVHG GDWDVHWV�

H�J� 64X$' �6WDQIRUG 4XHVWLRQ $QVZHULQJ 'DWDVHW��

%(57 LV EDVHG RQ D GHHS OHDUQLQJ PRGHO FDOOHG 7UDQVIRUPHU� DQ DWWHQWLRQ PHFKDQLVP WKDW OHDUQV FRQ�

WH[WXDO UHODWLRQV EHWZHHQ ZRUGV �RU VXE�ZRUGV� LQ D WH[W �+RUHY� ������ $ 7UDQVIRUPHU PRGHO LV FRPSRVHG

E\ WZR GLVWLQFW PHFKDQLVPV� DQ HQFRGHU WKDW UHDGV WKH WH[W LQSXW DQG D GHFRGHU WKDW SURGXFHV D SUHGLFWLRQ

��
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IRU WKH WDVN� %(57 LV ELGLUHFWLRQDO LQ WKH VHQVH WKDW D VHTXHQFH RI ZRUGV LV UHDG DW RQFH LQVWHDG RI VHTXHQ�

WLDOO\� DOORZLQJ WKH PRGHO WR OHDUQ WKH FRQWH[W RI D ZRUG EDVHG RQ DOO RI LWV VXUURXQGLQJ� $OVR� VLQFH %(57·V

REMHFWLYH LV WR JHQHUDWH D ODQJXDJH PRGHO� RQO\ WKH HQFRGHU LV QHFHVVDU\� WKXV LWV QDPH RI µ%LGLUHFWLRQDO

(QFRGHU 5HSUHVHQWDWLRQV IURP 7UDQVIRUPHUVµ�

)LJXUH ���� 2YHUDOO 3UH�WUDLQLQJ DQG )LQH�WXQLQJ 3URFHGXUHV IRU %(57 �'HYOLQ HW DO�� �����

%(57 ZDV ILUVW LQWURGXFHG E\ 'HYOLQ HW DO� ������ DQG KLV FROOHDJXHV IURP *RRJOH� ,Q KLV ZRUN� WKH

SURFHVV RI SUH�WUDLQLQJ DQG ILQH�WXQLQJ %(57 IRU TXHVWLRQ DQVZHULQJ LV GHVFULEHG DQG FDQ EH REVHUYHG LQ

)LJXUH ���� $SDUW IURP RXWSXW OD\HUV� WKH VDPH DUFKLWHFWXUHV DUH XVHG LQ ERWK SUH�WUDLQLQJ DQG ILQH�WXQLQJ

DQG DUH FRPSRVHG RI WZR XQVXSHUYLVHG WDVNV� WKH ILUVW EHLQJ 0DVNHG /DQJXDJH 0RGHOLQJ �0/0� DQG WKH

VHFRQG 1H[W 6HQWHQFH 3UHGLFWLRQ �163��

0DVNHG /0 FRQVLVWV RI JLYLQJ %(57 D VHQWHQFH DQG RSWLPL]LQJ WKH ZHLJKWV LQVLGH %(57 WR RXWSXW WKH

VDPH VHQWHQFH RQ WKH RWKHU VLGH� :KLOH 0/0 WHDFKHV %(57 WR XQGHUVWDQG UHODWLRQVKLSV EHWZHHQ ZRUGV�

163 WHDFKHV %(57 WR XQGHUVWDQG ORQJHU�WHUP GHSHQGHQFLHV DFURVV VHQWHQFHV� 163 FRQVLVWV RI JLYLQJ

%(57 WZR VHQWHQFHV DQG LW LQIHUV LI RQH LV VXEVHTXHQW WR WKH RWKHU� 'XULQJ WUDLQLQJ� ��� RI WKH LQSXWV DUH

D SDLU LQ ZKLFK WKH VHFRQG VHQWHQFH LV WKH VXEVHTXHQW VHQWHQFH LQ WKH RULJLQDO GRFXPHQW� ZKLOH LQ WKH

RWKHU ��� D UDQGRP VHQWHQFH IURP WKH FRUSXV LV FKRVHQ DV WKH VHFRQG VHQWHQFH� 7KH DVVXPSWLRQ LV WKDW

WKH UDQGRP VHQWHQFH ZLOO EH GLVFRQQHFWHG IURP WKH ILUVW VHQWHQFH� 7KH PRGHO FDOFXODWHV WKH SUREDELOLW\ RI

RQH VHQWHQFH IROORZLQJ WKH RWKHU XVLQJ VRIWPD[�

%HIRUH HQWHULQJ WKH PRGHO� WKH LQSXWV DUH SURFHVVHG DV VHHQ RQ )LJXUH ����

�� $ µɯ
3RɰµWRNHQ LV LQVHUWHG DW WKH EHJLQQLQJ RI WKH ILUVW VHQWHQFH DQG D µɯR�KɰµWRNHQ LV LQVHUWHG

DW WKH HQG RI HDFK VHQWHQFH�

�� $ VHQWHQFH HPEHGGLQJ LQGLFDWLQJ 6HQWHQFH $ RU 6HQWHQFH % LV DGGHG WR HDFK WRNHQ�

�� $ SRVLWLRQDO HPEHGGLQJ LV DGGHG WR HDFK WRNHQ WR LQGLFDWH LWV SRVLWLRQ LQ WKH VHTXHQFH�

��
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)LJXUH ���� %(57 ,QSXW 5HSUHVHQWDWLRQ �'HYOLQ HW DO�� �����

7UDLQLQJ %(57 LV GRQH E\ SUHGLFWLQJ ��� RI WKH WRNHQV LQ WKH LQSXW� ZKHUH WKH WRNHQV DUH SUH�SURFHVVHG

E\ UHSODFLQJ ��� RI WKH WRNHQV ZLWK D µɯ8֑R1ɰµWRNHQ� ��� ZLWK D UDQGRP ZRUG DQG ��� ZLWK WKH RULJLQDO

ZRUG�

'XH WR LWV JUHDW SHUIRUPDQFH� E\ 2FWREHU ���� DOPRVW HYHU\ VLQJOH (QJOLVK�EDVHG TXHU\ ZDV SURFHVVHG

E\ %(57 �6FKZDUW]� ������

��
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6\VWHP ,PSOHPHQWDWLRQ

7KLV FKDSWHU GHVFULEHV WKH LPSOHPHQWDWLRQ SURFHVV RI WKH ZKROH V\VWHP� GHVFULELQJ WKH LVVXHV WKDW ZHUH

IDFHG DQG KRZ ZH VROYHG WKHP� :H IRFXVHG RQ D ERWWRP�XS GHYHORSPHQW� VWDUWLQJ ZLWK WKH :HE &UDZOHU�

WKHQ WKH 7H[W 3URFHVVRU� DQG DW ODVW� WKH &KDWERW $SSOLFDWLRQ �5(67 $3, DQG :HE $SSOLFDWLRQ��

��� :HE &UDZOHU

*LYHQ WKDW RXU ZKROH V\VWHP LV EDVHG RQ WKH UHOLDEOH LQIRUPDWLRQ JDWKHUHG� ZH VWDUWHG WKH LPSOHPHQWDWLRQ

E\ GHYHORSLQJ WKH :HE &UDZOHU� 7KH FRGH LV DYDLODEOH LQ D SXEOLF *LW+XE UHSRVLWRU\��

$V VDLG� ZH XVHG WKH $&+( FUDZOHU WR SURYLGH WKLV IXQFWLRQDOLW\� ,Q RUGHU WR HDVHQ WKH XVH RI WKH :HE

&UDZOHU� ZH VWUXFWXUHG WKH SURMHFW DV IROORZV�

� �FRQILJV � WKLV IROGHU ZLOO FRQWDLQ D VXEIROGHU UHODWLYH WR HDFK SURMHFW �LQ WKLV FDVH� ZH RQO\ KDYH RQH

FDOOHG TDYLG� (DFK SURMHFW VKRXOG FRQWDLQ WKUHH ILOHV� v���ɐé±¬� Í���ÍɐÓèÓ DQG Í�ÓÓ�²�Íɐ�²â�

7KH ILUVW RQH ZLOO FRQWDLQ WKH VSHFLILFDWLRQV XVHG WR UXQ $&+(� WKH VHFRQG WKH VHHG 85/V XVHG E\

WKH FUDZOHU WR VWDUW IHWFKLQJ WKH SDJHV DQG WKH ODVW WKH HQYLURQPHQW YDULDEOHV XVHG WR DOORZ D PRUH

FXVWRPL]DEOH H[HFXWLRQ�

� �PRGHOV � VLPLODUO\ WR FRQILJV� WKH PRGHOV IROGHU ZLOO FRQWDLQ D VXEIROGHU IRU HDFK SURMHFW� 7KHQ�

HDFK SURMHFW PXVW FRQWDLQ WKHPRGHO XVHG WR FODVVLI\ ZHE SDJHV DV UHOHYDQW RU QRW� 7KLV FRQILJXUDWLRQ

VKRXOG EH SUHVHQW LQ D ILOH FDOOHG SDJHFODVVLILHU�\PO�

� �VFULSWV � 7KH VFULSWV IROGHU FRQWDLQV 6KHOO VFULSWV XVHG WR LQVWDOO� VWDUW DQG VWRS WKH &UDZOHU·V

H[HFXWLRQ� 7KHVH DUH KHOSIXO JLYHQ WKH IDFW WKDW PDNHV WKH FRQQHFWLRQ WKURXJK 'RFNHU DEVWUDFW DQG

GLUHFW�
�KWWSV���JLWKXE�FRP�KSHUHLUD���TDYLG��BFUDZOHU

��



&+$37(5 �� 6<67(0 ,03/(0(17$7,21

����� 6FULSWV

7KH $&+( &UDZOHU FDQ EH LQVWDOOHG XVLQJ 'RFNHU� *UDGOH RU &RQGD� *LYHQ RXU IDPLOLDULW\ ZLWK 'RFNHU� DQG

JLYHQ WKH IDFW WKDW LW PDLQO\ HOLPLQDWHV WKH H[HFXWLRQ GLVFUHSDQFLHV EHWZHHQ GLIIHUHQW PDFKLQHV DQG GLIIHU�

HQW RSHUDWLQJ V\VWHPV DQG WKHLU YHUVLRQLQJ� ZH IROORZHG WKDW DSSURDFK� ,Q RUGHU WR IDFLOLWDWH WKH LQVWDOODWLRQ

DQG XVDJH RI WKH WRRO� ZH GHYHORSHG VFULSWV WKDW DVVLVW WKLV SURFHVV�

7R LQVWDOO WKH $&+(� RQH MXVW QHHGV WR UXQ �²ÍÓv¬¬ɘv���ɐÍ�� 7KLV VFULSW YHULILHV WKH GHSHQGHQFLHV

�-$9$ YHUVLRQ JUHDWHU RU HTXDO WKDQ � DQG 'RFNHU�� DQG� LI WKH\ DUH DOUHDG\ LQVWDOOHG� SURFHHGV ZLWK WKH

$&+( LQVWDOODWLRQ IHWFKLQJ WKH ODWHVW YHUVLRQ RI WKH 'RFNHU LPDJH�YLGDQ\X�DFKH DQG WKHQ EXLOGLQJ WKH

FRQWDLQHU�

7R VWDUW WKH $&+( FUDZOHU RQFH LW LV LQVWDOOHG� RQH FDQ UXQ WKH VFULSW ÍÓvÉÓɘ�Évã¬�ÉɐÍ� ˹ÆÉ¸©��Ó˲

˹�¬vÍÍ����vÓ�¸²ɘ±¸��¬˲� ZKHUH SURMHFW LV WKH QDPH RI WKH FUDZOLQJ SURMHFW WR EH UDQ �LQ RXU FDVH� LW

ZLOO EH TDYLG��� DQG FODVVLILFDWLRQBPRGHO LV WKH QDPH RI WKH IROGHU ZKLFK FRQWDLQV WKH SDJHFODVVLILHU�\PO

�XUOBUHJH[ LQ RXU FDVH�� 7KHVH SDUDPHWHUV ZLOO EH XVHG WR IHWFK WKH FRUUHFW FRQILJXUDWLRQ ILOHV� HLWKHU IRU

WKH FUDZOLQJ H[HFXWLRQ DQG IRU WKH FODVVLILFDWLRQ PRGHO� $IWHU ORDGLQJ WKH HQYLURQPHQW YDULDEOHV QHHGHG�

WKH VFULSW ZLOO WU\ WR UXQ WKH DOUHDG\ EXLOW $&+( FRQWDLQHU�

/LVWLQJ ���� 5XQ $&+( FUDZOHU RQ 'RFNHU FRQWDLQHU

Ȭ ³¹�ØÇ Í×�¸ �¸�ª�É É×² Ʉ

ȭ ʐâ ˇɭ
?9�' Rɘ�?3��Nɮɇɗ�¸²���Íɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮ Ʉ

Ȯ ʐâ ˇɭ�֑W֑ɘ�?3��Nɮɇɗ�vÓvɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮ Ʉ

ȯ ʐâ ˇɭ8?��3Rɘ�?3��Nɮɗˇɭ
3֑RR'�'
֑W'?9ɘ8?��3ɮɇɗ±¸��¬Íɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮɗˇɭ

↩→ 
3֑RR'�'
֑W'?9ɘ8?��3ɮ Ʉ

Ȱ ʐÆ ȳȫȳȫɇȳȫȳȫ Ʉ

ȱ ʐʐ²v±� ˇɭ�?
1�Nɘ
?9W֑'9�Nɘ9֑8�ɮ Ʉ

Ȳ â��v²é×ɗv��� ÍÓvÉÓ
Évã¬ Ʉ

ȳ ʐ� ɗ�¸²���Íɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮɗ Ʉ

ȴ ʐÍ ɗ�¸²���Íɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮɗÍ���ÍɐÓèÓ Ʉ

Ȭȫ ʐ¸ ɗ�vÓvɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮɗ Ʉ

ȬȬ ʐ± ɗ±¸��¬Íɗˇɭ
N֑g3�Nɘ֑KK3'
֑W'?9ɮɗˇɭ
3֑RR'�'
֑W'?9ɘ8?��3ɮɗ Ʉ

Ȭȭ ճ˲ˇɭ?[WK[Wɘ3? ɘ�'3�ɮ ճ

$V VHHQ RQ /LVWLQJ ���� LW ZLOO FUHDWH VKDUHG YROXPHV RQ WKH IROGHUV FRQILJV� GDWD DQG PRGHOV� DOORZLQJ

ILOHV WR EH VKDUHG EHWZHHQ RXU ORFDO PDFKLQH DQG WKH 'RFNHU FRQWDLQHU� $OVR� ZH DUH VHWWLQJ WKH QDPH WR

'2&.(5B&217$,1(5B1$0(� ZKLFK WUDQVODWHV WR �SURMHFW!BFUDZOHU �LQ RXU FDVH� TDYLG��BFUDZOHU �� 7KH

RWKHU IODJV DUH VHWWLQJ WKH DSSOLFDWLRQ� PRGHO DQG VHHGV FRQILJXUDWLRQ ILOHV ORFDWLRQV� $Q LPSRUWDQW DVSHFW

LV WKDW WKLV LV H[HFXWHG XVLQJ ²¸�×Æ� ZKLFK PDNHV WKH 'RFNHU FRQWDLQHU UXQQLQJ LQ WKH EDFNJURXQG� ZKLOH

ORJJLQJ WKH RXWSXW WR WKH ILOH VSHFLILHG DV 287387B/2*B),/(�

$&+( VWRUHV H[HFXWLRQ PHWDGDWD� DOORZLQJ XV WR VWRS DQG FRQWLQXH WKH FUDZOHU IURP WKH VDPH VWDWH

ZKHQ LW ZDV VWRSSHG� ,Q RUGHU WR VWRS WKH FRQWDLQHU� RQH FDQ XVH WKH VFULSW ÍÓ¸Æɘ�Évã¬�ÉɐÍ� ˹ÆÉ¸©��Ó˲�

ZKLFK VWRSV WKH 'RFNHU FRQWDLQHU FDOOHG �SURMHFW!BFUDZOHU�
�KWWSV���KXE�GRFNHU�FRP�U�YLGDQ\X�DFKH

��
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+RZHYHU� LI \RX ZDQW WR IXOO\ UHVWDUW \RXU FUDZOHU� E\ UHPRYLQJ WKH FDFKHG PHWDGDWD DQG WKH GRZQ�

ORDGHG SDJHV� \RX FDQ UXQ É�Í�Óɘ�Évã¬�ÉɐÍ� ˹ÆÉ¸©��Ó˲� 7KLV ZLOO UHPRYH WKH 'RFNHU FRQWDLQHU FDOOHG

�SURMHFW!BFUDZOHU DQG WKH GRZQORDGHG ZHE SDJHV�

����� $&+( &RQILJXUDWLRQV

$&+( LV YHU\ ULFK ZKHQ LW FRPHV WR IXQFWLRQDOLWLHV DQG FXVWRPL]DWLRQ� ,W DOORZV XV WR FKRVH WKH RXWSXW ILOH

IRUPDW� WKH FODVVLILFDWLRQ PRGHO ZH ZDQW WR XVH WR FODVVLI\ UHOHYDQW SDJHV� GDWD FRPSUHVVLRQ� OLPLW SDJHV

WR FUDZO �DQG SHU GRPDLQ�� KDUG IRFXV �LI WKH FUDZOHU VKRXOG RQO\ FUDZO WKH VHHG GRPDLQV�� OLQN FODVVLILHU

VWUDWHJ\ DQG WKH FUDZOHU·V DJHQW� IRU H[DPSOH�

7KHVH FRQILJXUDWLRQV DUH DOO SURYLGHG WR WKH FUDZOHU WKURXJK WKH DFKH�\PO <$0/ ILOH� )RU RXU 4$9,'��

FUDZOHU� ZH VHW WKH FRQILJXUDWLRQV DV VHHQ RQ $SSHQGL[ %�

� 5HJDUGLQJ 7DUJHW 6WRUDJH� ZH DUH VWRULQJ ILOHV DV -621� KDVKLQJ WKH ILOHQDPHV DQG RQO\ VWRULQJ

SDJHV FODVVLILHG DV UHOHYDQW� :H DUH QRW KDUG IRFXVLQJ DQG QRW XVLQJ D ELSDUWLWH FUDZOHU� 7R OLPLW WKH

FUDZOHU H[HFXWLRQ� ZH VHW WKH PD[LPXP QXPEHU RI SDJHV WR YLVLW DV �������������� WR JXDUDQWHH

WKDW ZH JHW WKH PRVW RI WKH VHHG ZHE SDJHV�

� 5HJDUGLQJ /LQN 6WRUDJH� ZH DUH VHWWLQJ WKH OLPLW RI SDJHV IURP HDFK GRPDLQ WR ��������������

DQG DOORZLQJ WKH FUDZOHU WR IROORZ RQO\ IRUZDUG OLQNV� 7KH FUDZOHU FDQ DOVR IHWFK SDJHV RXWVLGH RI

WKH SURYLGHG VHHG OLVW� JLYHQ WKDW WKH\ DUH PHQWLRQHG LQ WKH VHHGV� 7KH FUDZOHU LV XVLQJ D UDQGRP

VWUDWHJ\ ZKHQ LW FRPHV WR WKH RUGHU WKH SDJHV DUH FUDZOHG� JURXSHG ZLWK D 7RS . 6HOHFWRU� $OVR� ZH

DUH FRQILJXULQJ WKH FUDZOHU WR UHFUDZO VLWHPDSV HYHU\ � KRXUV ���� PLQXWHV� LQ RUGHU WR ILQG QHZ

ZHE SDJHV�

� 5HJDUGLQJ &UDZOHU 0DQDJHU� ZH VHW WKH XVHU DJHQW LQIRUPDWLRQ OLNH QDPH �$&+(�� 85/ �$&+(·V

*LW+XE SURMHFW� DQG HPDLO �D�����#DOXQRV�XPLQKR�SW�� :H DOVR VHW WKH QXPEHU RI WKUHDGV XVHG WR

GRZQORDG WKH ZHE SDJHV ������ DV ZHOO DV WKH PD[LPXP QXPEHU RI GRZQORDG UHWULHV ���� $QRWKHU

LPSRUWDQW DVSHFW RI WKLV FRQILJXUDWLRQ LV WKDW RXU FUDZOHU RQO\ DFFHSWV WKH IROORZLQJ 0,0( W\SHV�

² WH[W�[PO

² WH[W�KWPO

² WH[W�SODLQ

² DSSOLFDWLRQ�[�DVS

² DSSOLFDWLRQ�[KWPO�[PO

² DSSOLFDWLRQ�YQG�ZDS�[KWPO�[PO

7KLV ZD\ ZH JXDUDQWHH ZH DUH QRW GRZQORDGLQJ ELQDU\ GDWD OLNH 3') ILOHV RU LPDJHV�

��
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$QRWKHU UHTXLUHG FRQILJXUDWLRQ ZH KDG WR SURYLGH WR $&+( LQ RUGHU IRU LW WR SHUIRUP DV D )RFXVHG

&UDZOHU ZDV WKH 85/ VHHGV� ZKLFK DUH WKH FUDZOHU·V VWDUWLQJ SRLQW� 7KXV� KDYLQJ WKH GHILQHG VHHG 85/V

GHILQHG LQ 6HFWLRQ ���� ZH FUHDWHG WKH VHHGV�W[W ILOH FRQWDLQLQJ ZKDW LV VHHQ RQ /LVWLQJ ����

/LVWLQJ ���� $&+( 6HHG 85/ ILOH

Ȭ �ÓÓÆÍɇɞɞ�¹ã��Ȭȴɗ²�³ʉÎvØ��ɗÇÔ

ȭ �ÓÓÆÍɇɞɞ�¹ã��Ȭȴ�ÎÔv²¹Î¹³ɗ�¹ãɗÇÔ

Ȯ �ÓÓÆÍɇɞɞäääɗä�¹ɗ�³Ôɞ�²�Ê��³���Îɞ��Î�vÎ�Îɞ³¹ã�¬ʉ�¹Ê¹³vã�ÊØÎʉȭȫȬȴ

ȯ �ÓÓÆÍɇɞɞäääɗ���ɗ�¹ãɞ�¹Ê¹³vã�ÊØÎɞȭȫȬȴʉ³�¹ãɞ�³��éɗ�Ô²¬

Ȱ �ÓÓÆÍɇɞɞäääɗ³�ÎɗØªɞ�¹³��Ô�¹³Îɞ�¹Ê¹³vã�ÊØÎʉ�¹ã��ʉȬȴɞ

ȱ �ÓÓÆÍɇɞɞäääɗ����ɗ�ØÊ¹Çvɗ�Øɞ�³ɞ�¹Ê¹³vã�ÊØÎ

����� 0RGHOV

+DYLQJ WKH EDVH RI WKH :HE &UDZOHU FRQILJXUHG� ZH QHHGHG WR FRQILJXUH WKH SDJH FODVVLILHU PRGHO� LQ RUGHU

WR ILOWHU WKH UHOHYDQW SDJHV� $V VSHFLILHG LQ WKH 54� DQVZHU LQ 6HFWLRQ ������ JLYHQ WKH IDFW WKDW PRVW

&29,'��� UHODWHG SDJHV DUH KLJKOLJKWHG DW WKH PRPHQW� WKH\ KDYH PRVW RI WKH WLPHV D UHIHUHQFH WR LW RQ

WKH 85/ LWVHOI� WKXV D 85/ 5HJH[ ILOWHU VKRXOG EH HQRXJK WR RQO\ REWDLQ WKH UHOHYDQW SDJHV�

)ROORZLQJ WKH $&+( GRFXPHQWDWLRQ�� ZH ZHUH DEOH WR GHILQH RXU FODVVLILHU PRGHO LQ WKH ILOH SDJHFODVVL�

ILHU�\PO� /LVWLQJ ��� UHSUHVHQWV WKH PHQWLRQHG ILOH� $V H[SHFWHG� ZH DUH ILOWHULQJ SDJHV ZKRVH 85/V FRQWDLQ

WKH ZRUGV µFRYLGµ� µFRURQDµRU µFRURQDYLUXVµ�

/LVWLQJ ���� $&+( 3DJH &ODVVLILHU 0RGHO

Ȭ ÓéÆ�ɇ ×É¬ɘÉ���è

ȭ ÆvÉv±�Ó�ÉÍɇ

Ȯ É��×¬vÉɘ�èÆÉ�ÍÍ�¸²Íɇ ɯ

ȯ ʙɐɃ�¸â��ɐɃʙɈ

Ȱ ʙɐɃ�¸É¸²vɵâ�É×ÍɶɑɐɃʙɈ

ȱ ɰ

����� ([HFXWLRQ

$&+( &UDZOHU SURYLGHV D PRQLWRULQJ WRRO� ZKLFK DOORZV XV WR FKHFN WKH FUDZOLQJ SURJUHVV DQG VRPH VWDWLV�

WLFV� OLNH WKH SHUFHQWDJH RI UHOHYDQW SDJHV IRXQG� WKH QXPEHU RI IDLOHG GRZQORDGV DQG WKH GLVWULEXWLRQ RI

+773 UHTXHVWV· DQVZHU FRGHV� IRU H[DPSOH �DV VHHQ RQ )LJXUH �����

7KH GRZQORDGHG ILOHV DUH -621 ILOHV� FRQWDLQLQJ PHWDGDWD DORQJ ZLWK WKH +70/ GDWD HQFRGHG LQ

%DVH��� 7KH PHWDGDWD LV FRPSRVHG E\ WKH 85/� WKH FRQWHQW W\SH� WKH UHVSRQVH KHDGHUV� WKH GDWH LW ZDV

IHWFKHG� WKH UHOHYDQFH VFRUH DQG RWKHU +70/ UHODWHG LQIRUPDWLRQ �ZKLFK LV QRW YHU\ UHOHYDQW IRU WKH SXUSRVH

RI WKLV WKHVLV��
�KWWSV���DFKH�UHDGWKHGRFV�LR�HQ�ODWHVW�SDJH�FODVVLILHUV�KWPOXUO�UHJH[

��
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)LJXUH ���� $&+( &UDZOHU� 0RQLWRULQJ 7RRO

��
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2Q D ILUVW UXQ RI WKH FUDZOHU� ZH GHDFWLYDWHG WKH UHFUDZOLQJ IXQFWLRQDOLW\ DQG OHIW LW UXQQLQJ IRU FLUFD �

KRXUV� ,Q WKLV SHULRG RI WLPH� QHDUO\ ���*% RI GDWD ZDV GRZQORDGHG� ZKLFK LV WUDQVODWHG WR �� ��� ZHE

SDJHV� )URP WKHVH� ��� SDJHV ZHUH LQ 3RUWXJXHVH DQG ����� ZHUH LQ (QJOLVK �ZKLFK ZHUH WKH ODQJXDJHV

RI WKH VHHG 85/V�� 'HVSLWH KDYLQJ WKH VHHGV LQ WZR ODQJXDJHV� ZH ZHUH DEOH WR IHWFK ���� SDJHV LQ )UHQFK�

��� LQ 6SDQLVK� ��� LQ *HUPDQ DQG ��� LQ ,QGRQHVLDQ� +RZHYHU� PDQ\ SDJHV ZHUH DOVR IRXQG LQ RWKHU

ODQJXDJHV� ZKLOH �� ZH ZHUH QRW DEOH WR GHWHFW �HLWKHU GXH WR QR WH[W IHDWXUHV LQ WKH ZHE SDJH RU WR WH[W

EUHDNLQJ FKDUDFWHUV QRW FRPSOLDQW ZLWK XWI���� :H FRXOG FRQFOXGH WKDW ZLWKRXW WKH KDUG�IRFXV IXQFWLRQDOLW\�

ZH ZHUH DEOH WR FUDZO D VLJQLILFDQW QXPEHU RI SDJHV� EXW UHJDUGLQJ WKH 3RUWXJXHVH ODQJXDJH� WKH UHVXOWV

ZHUH QRW YHU\ VDWLVIDFWRU\� 7KLV FRXOG EH RYHUFDPH E\ NHHSLQJ WKH FUDZOHU UXQQLQJ IRU ORQJHU SHULRGV RI

WLPH �LQ RUGHU WR IHWFK PRUH GDWD LQ 3RUWXJXHVH� RU E\ GLVDEOLQJ WKH KDUG�IRFXV IXQFWLRQDOLW\ �RQO\ IHWFKLQJ

GDWD IURP WKH VHHGV� DVVXULQJ ZH RQO\ NHSW SDJHV LQ WKH ODQJXDJH RI WKH VHHG ZHEVLWHV� RU E\ OLPLWLQJ WKH

FUDZOHU WR IROORZ OLQNV ZLWKLQ D JLYHQ µKRSVµIURP WKH VHHGV �UHGXFLQJ WKH QXPEHU RI SDJHV IRXQG LQ RWKHU

ODQJXDJHV EXW SRVVLEO\ VKRUWHQLQJ WKH LQIRUPDWLRQ JDWKHUHG��

7KLV GDWD ZLOO EH XVHG DV WKH WHVW EDVLV IRU WKH FKDWERW DSSOLFDWLRQ DV LW VHHPV VXIILFLHQW IRU WKH SXUSRVH�

+RZHYHU� ZKHQ LW FRPHV WR SURSHUO\ WHVWLQJ WKH DSSOLFDWLRQ� ZH PD\ QHHG WR UXQ WKH FUDZOHU IRU D ORQJHU

SHULRG RI WLPH RU DSSO\ WKH PHQWLRQHG FKDQJHV WR WKH FUDZOHU·V FRQILJXUDWLRQV� DOORZLQJ LW WR JDWKHU DV

PXFK GDWD DV LW LV SRVVLEOH�

:LWK WKH UHOHYDQW ZHE SDJHV GRZQORDGHG� DQG WKH PHFKDQLVP WR NHHS WKLV SURFHVV UXQQLQJ GHYHORSHG�

ZH ZHUH DEOH WR IHHG WKH QH[W PRGXOH RI RXU V\VWHP� WKH 7H[W 3URFHVVRU�

��� 7H[W 3URFHVVRU

)ROORZLQJ WKH DSSURDFK GHVFULEHG LQ WKH 6ROXWLRQ 'HVLJQ �6HFWLRQ ����� WKLV PRGXOH ZDV GLYLGHG LQ WZR

LQGHSHQGHQW SDUWV� WKH )LOH 0RYHU DQG WKH )LOH 3URFHVVRU� ZKLFK DUH JRLQJ WR EH GHVFULEHG LQ WKH QH[W

VHFWLRQV� %RWK SDUWV ZHUH GHYHORSHG XVLQJ 3\WKRQ�

����� )LOH 0RYHU

7KH ILUVW SDUW RI WKH 7H[W 3URFHVVRU PRGXOH LV UHVSRQVLEOH IRU FRS\LQJ WKH GDWD GRZQORDGHG E\ WKH :HE

&UDZOHU LQWR D VSHFLILHG IROGHU� 7KLV LV XVHIXO WR JXDUDQWHH WKDW GRZQORDGHG GDWD LV QRW SURFHVVHG PRUH

WKDQ RQFH� ZKLFK FRXOG FUHDWH HQWURS\ DQG VORZ GRZQ WKH SURFHVV�

7KH )LOH 0RYHU XVHV DQ DX[LOLDU\ ILOH FDOOHG ÆÉ¸��ÍÍ��ɘ��¬�ÍɐÓèÓ� ZKHUH LW UHFRUGV WKH QDPHV RI

WKH ILOHV LW KDV DOUHDG\ FRSLHG�

,Q RUGHU WR PDNH VXUH WKH GRZQORDGHG ILOHV DUH EHLQJ SURFHVVHG FRQWLQXRXVO\� WKH VFULSW LV H[HFXWHG LQ

DQ LQILQLWH F\FOH� H[HFXWLQJ HYHU\ � KRXUV DQG VOHHSLQJ LQ WKH PHDQZKLOH�

��
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����� )LOH 3URFHVVRU

7KH VHFRQG SDUW RI WKH 7H[W 3URFHVVRU LV WKH PRUH LPSRUWDQW RQH� VLQFH LW LV UHVSRQVLEOH IRU SDUVLQJ WKH

WH[W IURP WKH GRZQORDGHG ZHE SDJHV DQG LQGH[LQJ LW WR (ODVWLF6HDUFK�

)LOH 3URFHVVRU QHHGV D VHW RI � IROGHUV LQ RUGHU WR H[HFXWH�

� ,1B352*5(66 � WKH VFULSW PRYHV ILOHV IURP WKH 6285&( IROGHU �)LOH 0RYHU·V RXWSXW GLUHFWRU\� WR

,1B352*5(66 HYHU\ WZR KRXUV DQG WKHQ SURFHVVHV WKHP�

� ),1,6+(' � IROGHU WKDW FRQWDLQV WKH ILOHV VXFFHVVIXOO\ SURFHVVHG�

� )$,/(' � IROGHU WKDW FRQWDLQV WKH ILOHV ZKHUH WKH SURFHVVLQJ IDLOHG�

7KLV IROGHU VWUXFWXUH DOORZV XV WR KDYH WKH )LOH 3URFHVVRU UXQQLQJ FRQWLQXRXVO\� ZKLOH DOVR DOORZLQJ WKH

IDLOHG ILOHV WR EH SURFHVVHG DJDLQ�

7KH )LOH 3URFHVVRU ZRUNV DV IROORZV� DIWHU PRYLQJ ILOHV LQWR ,1B352*5(66�

�� )LUVW� HDFK ILOH LV ORDGHG LQWR D 3\WKRQ GLFWLRQDU\� WR IDFLOLWDWH GDWD SDUVLQJ�

�� 7KHQ� ZH GHFRGH WKH %DVH�� LQIRUPDWLRQ LQ WKH GLFWLRQDU\·V FRQWHQW ILHOG� 7KLV LV GRQH XVLQJ WKH

FRGH LQ /LVWLQJ ����

/LVWLQJ ���� 'HFRGH %DVH�� WH[W

Ȭ ��� ���¸��ɘ�vÍ�ȱȯɵÎÔÊɶɇ

ȭ �vÍ�ȱȯɘ�éÓ�Í ˮ ÎÔÊɐ�²�¸��ɵɕ×Ó�ʐȳɕɶ

Ȯ ±�ÍÍv��ɘ�éÓ�Í ˮ �vÍ�ȱȯɐ�ȱȯ���¸��ɵ�vÍ�ȱȯɘ�éÓ�Íɶ

ȯ ±�ÍÍv�� ˮ ±�ÍÍv��ɘ�éÓ�Íɐ���¸��ɵɕ×Ó�ʐȳɕɶ

Ȱ Ê�ÔØÊ³ ±�ÍÍv��

�� 1H[W� WKH GHFRGHG WH[W LV SDUVHG XVLQJ D FOHDQLQJ HQJLQH WR H[WUDFW WKH WH[W RQO\ IURP WKH +70/ SDJH�

WKXV UHPRYLQJ LWV WDJV DQG LUUHOHYDQW PHWDGDWD� 7KLV LV GRQH XVLQJ WKH 3\WKRQ OLEUDU\ �Ó±¬ȭÓ�èÓ�

7KLV HQJLQH ZDV FRQILJXUHG WR LJQRUH OLQNV� LPDJHV� HPSKDVLV DQG WDEOHV�

�� +DYLQJ WKH WH[W FOHDQVHG DQG H[WUDFWHG IURP WKH ZHE SDJH� LWV ODQJXDJH LV GHWHFWHG XVLQJ WKH 3\WKRQ

OLEUDU\ ¬v²���Ó��Ó� WKDW LGHQWLILHV WKH FRQWHQW·V ODQJXDJH VHDPOHVVO\�

�� 7KH ODQJXDJH LV WKHQ XVHG WR VHW WKH (ODVWLF6HDUFK LQGH[ XVHG WR VWRUH WKH SDUVHG WH[W� 7KLV LQGH[

IROORZV� LQ WKLV FDVH� WKH IRUPDW FRYLGB�ODQJXDJH!� 7KLV PHDQV WKDW D SDJH LQ 3RUWXJXHVH ZLOO EH

LQGH[HG LQVLGH FRYLGBSW DQG DQ (QJOLVK SDJH ZLOO EH LQGH[HG LQ FRYLGBHQ�

�� :LWK WKH LQGH[ GHILQHG� WKH SDJH LV DFWXDOO\ LQGH[HG WR (ODVWLF6HDUFK XVLQJ WKHLU RIILFLDO 3\WKRQ $3,

OLEUDU\� 7KH ZHE SDJH LV SODFHG LQ WKH PHQWLRQHG LQGH[� KDYLQJ DV LWV ,' WKH ZHE SDJH·V 85/ HQFRGHG

DV %DVH��� ,WV ERG\ LV FRPSRVHG RI WKH SDUVHG WH[W FRQWHQW�

�� ,I WKLV ZKROH SURFHVV LV FRPSOHWHG ZLWK VXFFHVV� WKH RULJLQDO ILOH LV PRYHG WR WKH ),1,6+(' IROGHU�

HOVH LW LV PRYHG WR )$,/('�

��
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��� (ODVWLF6HDUFK

(ODVWLF6HDUFK LV WKH EULGJH EHWZHHQ WKH 7H[W 3URFHVVRU DQG WKH &KDWERW DSSOLFDWLRQ LWVHOI� ,W DOORZV WKH

FKDWERW WR UHTXHVW WKH PRVW UHOHYDQW SDJH IRU WKH JLYHQ SDJH� SURYLGLQJ LW DV D FRQWH[W IRU WKH %(57 PRGHO

WR H[WUDFW WKH EHVW SRVVLEOH DQVZHU�

,Q D ILUVW VWDJH� WKH GHIDXOW FRQILJXUDWLRQV ZHUH XVHG� :KLOH GHYHORSLQJ� D ORFDO LQVWDQFH ZDV FUHDWHG�

EXW LW FDQ HDVLO\ EH VFDOHG WR WKH &ORXG �KDYLQJ WKH EXGJHW��

7KHVH GHIDXOW FRQILJXUDWLRQV LQFOXGH WKH IROORZLQJ�

� 7KH LQVWDQFH UXQV RQ ¬¸�v¬�¸ÍÓɇȴȭȫȫ�

� %HIRUH LQGH[LQJ� ZRUGV DUH ORZHUFDVHG DQG VSOLWWHG DQG SXQFWXDWLRQ LV UHPRYHG�

� 6WRSZRUGV DUH QRW UHPRYHG�

� (ODVWLF6HDUFK FUHDWHV � SULPDU\ VKDUGV DQG RQH UHSOLFD IRU HDFK LQGH[�

��� &KDWERW $SSOLFDWLRQ

7KH &KDWERW $SSOLFDWLRQ LV WKH µILQDOµPRGXOH RI WKLV V\VWHP� ,W LV UHVSRQVLEOH IRU PDNLQJ LW DYDLODEOH WR

WKH HQG XVHUV� E\ SUHVHQWLQJ DQ LQWHUDFWLYH DQG HDV\ WR XVH 8, DQG E\ SURYLGLQJ DQVZHUV WR WKH DVNHG

TXHVWLRQV�

7KLV PRGXOH LV FRPSRVHG E\ WKUHH PDLQ SDUWV� WKH :HE DSSOLFDWLRQ �ZKLFK LV ZKDW WKH HQG XVHU VHHV� LW

LV WKH 8, XVHG WR FRPPXQLFDWH ZLWK WKH DSSOLFDWLRQ�� WKH 5(67 $3, �WKDW UHFHLYHV WKH TXHVWLRQV LQ WKH IRUP

RI +773 UHTXHVWV DQG UHVSRQGV WR WKHP� FDUU\LQJ WKH DQVZHU WR WKH JLYHQ LQWHUURJDWLRQ� DQG WKH &KDWERW

0RGHOV �WUDLQHG %(57 PRGHOV LQ HDFK DYDLODEOH ODQJXDJH� (QJOLVK DQG 3RUWXJXHVH LQ WKLV ZRUNV· FRQWH[W��

1H[W� HDFK RI WKHVH SDUWV LV GHVFULEHG�

����� 5(67 $3,

7KH 5(67 $3, ZDV GHYHORSHG LQ 3\WKRQ� XVLQJ WKH )DVW$3, IUDPHZRUN� 7KH $3, LV UHVSRQVLEOH IRU UHFHLYLQJ

WKH FKDWERW·V TXHVWLRQV DQG IRU SURYLGLQJ WKH FRUUHFW DQVZHU� $V LWV SXUSRVH LV VROHO\ WKH FRPPXQLFDWLRQ

EHWZHHQ WKH %(57 PRGHOV DQG WKH ZHE DSSOLFDWLRQ� LW FRQWDLQV D YHU\ UHGXFHG VHW RI HQGSRLQWV� $W WKH

PRPHQW� LW RQO\ FRQWDLQV WZR� RQH IRU FKHFNLQJ WKH (ODVWLF6HDUFK LQVWDQFH VWDWXV DQG DQRWKHU IRU UHFHLYLQJ

DQG DQVZHULQJ WKH XVHUV· TXHVWLRQV�

7KH $3, LV VWUXFWXUHG LQ WZR PRGXOHV� RQH IRU WKH 0DFKLQH /HDUQLQJ PRGHOV DQG DQRWKHU IRU WKH $3,

LWVHOI �FRPSRVHG E\ WKH HQGSRLQW GHILQLWLRQ DQG FRQQHFWLRQV WR WKH GHILQHG VHUYLFHV� H�J� (ODVWLF6HDUFK DQG

WKH 0/ PRGHOV��

:KHQ WKH $3, UHFHLYHV D TXHVWLRQ� RQH RI WKH DUJXPHQWV PXVW EH WKH ODQJXDJH WKH TXHVWLRQ LV LQ� 7KLV

LV QHFHVVDU\ IRU WKH $3, WR UHTXHVW WKH ULJKW %(57 PRGHO� 2WKHUZLVH� JLYHQ WKH GXDOLW\ RI ODQJXDJHV LQ WKLV

SURMHFW� WKH DQVZHUV ZRXOG QRW EH H[WUDFWHG VXFFHVVIXOO\� 7KHQ� D TXHU\ LV PDGH WR (ODVWLF6HDUFK WR WKH

��
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FRUUHFW LQGH[ �WDNLQJ ODQJXDJH LQWR FRQVLGHUDWLRQ�� DQG WKXV IHWFKLQJ WKH PRVW UHOHYDQW ZHE SDJH IRU WKH

SURYLGHG TXHU\·V ZRUGV� 7KH PHQWLRQHG TXHU\ LV GRQH DV D PDWFK TXHU\ LQ WKH WH[W ILHOG RI WKH LQGH[� LQ

WKH IRUPDW çTXHU\ç� çPDWFKç� çWH[Wç� �TXHU\!� 7KLV DOORZV WKH $3, WR JHW WKH FRQWH[W QHHGHG IRU WKH %(57

HQJLQH WR ZRUN SURSHUO\ DQG H[WUDFW WKH DQVZHU� ,Q RUGHU WR FRPPXQLFDWH ZLWK WKH %(57 PRGHO� WKH 3\WKRQ

OLEUDU\ WUDQVIRUPHUV ZDV XVHG� DORQJ ZLWK 3\7RUFK� WKH IUDPHZRUN XVHG WR WUDLQ WKH PRGHOV�

*LYHQ WKH IDFW WKDW WKH FRQWH[W PD\ YHU\ ZHOO H[FHHG PRVW %(57 PRGHOV WRNHQ OLPLW ������ WKH DSSURDFK

GHILQHG LQ WKH &ORXGHUD·V )DVW )RUZDUG %ORJ RQ 1/3 IRU 4XHVWLRQ $QVZHULQJ �%XLOGLQJ D 4$ V\VWHP ZLWK

%HUW RQ :LNLSHGLD�� WKH FRQWH[W LV GLYLGHG LQWR FKXQNV� ZKLFK DUH WKHQ WRNHQL]HG DQG SURYLGHG WKH %(57

PRGHO� ZKLFK WULHV WR H[WUDFW DQVZHUV IURP WKHVH FKXQNV� +RZHYHU� WKLV FDQ FUHDWH DQVZHU GLVFUHSDQFLHV

LI DQ DQVZHU FDQ EH H[WUDFWHG IURP DQ LUUHOHYDQW FKXQN� )RU H[DPSOH�

M×�ÍÓ�¸²ɇ g��² ãvÍ �vÉv�ª ?�v±v �¸É²ɑ

W¸Æ ã�ª� É�Í×¬Óɇ ˹g�ª�Æ���vKv�� ɕ�vÉv�ª ?�v±v RÉɐɕ˲

֑²Íã�Éɇ Ȭȳ 0×²� ȬȴȮȱ ɗ ���É×vÉé ȭ Ɉ ȬȴȱȬ ɗ

+HUH� ZH FDQ REVHUYH WKDW IRU WKH :LNLSHGLD SDJH RQ %DUDFN 2EDPD 6U�� WKH HQJLQH FRXOG H[WUDFW WZR

DQVZHUV IRU WKH TXHVWLRQ µ:KHQ ZDV %DUDFN 2EDPD ERUQ"µ� 7KLV LV EHFDXVH WKH PRGHO REWDLQHG DQ DQVZHU

LQ WKH SDUDJUDSK GHVFULELQJ %DUDFN 2EDPD 6U� DQG DQRWKHU RQH LQ WKH SDUDJUDSK GHVFULELQJ LWV VRQ� WKH

IRUPHU 3UHVLGHQW RI WKH 8QLWHG 6WDWHV RI $PHULFD� 7KH FRGH XVHG IRU WKLV PHFKDQLVP LV UHSUHVHQWHG LQ

/LVWLQJ &�� IURP $SSHQGL[ &� ZKLFK ZDV DGDSWHG IURP WKH DIRUHPHQWLRQHG EORJ�

7R RYHUFRPH WKLV LVVXH� ZH QHHGHG WR IROORZ D ZLQGRZLQJ DSSURDFK� ZKLFK ZRXOG JR RYHU DOO WKH FKXQNV

EXW NHHSLQJ VRPH WRNHQV IURP WKH SUHYLRXV FKXQN� WKXV SUHYHQWLQJ WKH FRQWH[W IURP EHLQJ EURNHQ� 7KLV

ZDV DFKLHYHG XVLQJ WKH SLSHOLQH� IXQFWLRQDOLW\ RI +XJJLQJ)DFH·V 7UDQVIRUPHUV� +RZHYHU� DV H[SHFWHG� WKH

SURFHVVLQJ WLPH LV ORQJHU� EXW ZLWK WKH RXWFRPH RI H[WUDFWLQJ D EHWWHU DQVZHU� DYRLGLQJ WKH FRQWH[W GDWD

EHLQJ GLVUXSWHG� 2Q /LVWLQJ &��� WKH FRGH GHYHORSHG IRU WKLV DSSURDFK LV SUHVHQWHG�

����� &KDWERW 0RGHOV

7KH &KDWERW PDFKLQH OHDUQLQJ PRGHOV �ILQH�WXQHG %(57 LQ (QJOLVK DQG 3RUWXJXHVH� DUH WKH SLHFHV WKDW GR

WKH µPDJLFµRI SURYLGLQJ WKH ULJKW DQVZHUV WR WKH SURYLGHG TXHVWLRQV�

%(57 LV XVHG IRU PDQ\ SXUSRVHV� RQH RI WKHP EHLQJ 4XHVWLRQ�$QVZHULQJ� +RZHYHU� LW GRHV QRW RIIHU

WKLV IXQFWLRQDOLW\ RXW�RI�WKH�ER[� %(57 PRGHOV DUH PDGH DYDLODEOH ZLWK D GLYHUVH VHW RI SUH�WUDLQLQJ� ,Q

WKLV ZRUN� ZH XVHG WKH PXOWLOLQJXDO FDVHG %(57 PRGHO� ZKLFK ZDV SUH�WUDLQHG XVLQJ WKH ZKROH :LNLSHGLD

GDWDEDVH LQ VHYHUDO ODQJXDJHV� 'HVSLWH EHLQJ D PXFK KHDYLHU PRGHO WKDQ WKH UHVW� LW EULQJV WKH DGYDQWDJH

RI DOORZLQJ LW WR EH WUDLQHG LQ PRVW RI WKH ODQJXDJHV� ZLGHQLQJ WKH UDQJH RI RXU V\VWHP LI ZH ODWHU ZDQWHG WR

DGG PRUH VXSSRUWHG ODQJXDJHV WR LW� 7KHVH SUH�WUDLQHG PRGHOV DUH PDGH DYDLODEOH SXEOLFO\ LQ WKH JRRJOH�

UHVHDUFK�EHUW *LW+XE 5HSRVLWRU\�
�KWWSV���KXJJLQJIDFH�FR�WUDQVIRUPHUV�PDLQBFODVVHV�SLSHOLQHV�KWPO

��
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+DYLQJ WKH SUH�WUDLQHG PRGHO� ZH QHHGHG WR ILQH�WXQH WKHP XVLQJ D 4$ GDWDVHW� HQDEOLQJ WKH PRGHO

WR H[WUDFW DQVZHUV IURP D FRQWH[W SDUDJUDSK� )RU WKLV� ZH WUDLQHG RXU PRGHOV XVLQJ WKH 64X$' GDWDVHW��

ZKLFK FRQWDLQV ������ TXHVWLRQV DQG ZDV GHYHORSHG E\ 5DMSXUNDU HW DO� ������� 7KH 64X$' GDWDVHWV

DUH YHU\ FRPSOHWH� DQG FRQWDLQ FRQWH[W SDUDJUDSKV� TXHVWLRQV UHODWHG WR LW DQG WKH FRUUHFW DQVZHUV� )RU

WKH (QJOLVK PRGHO� ZH WUDLQHG LW XVLQJ WKH VHFRQG YHUVLRQ RI WKH GDWDVHW� 64X$'���� 7KLV GDWDVHW DOVR

FRQWDLQV ����� XQDQVZHUDEOH TXHVWLRQV� PDNLQJ WKH PRGHO HYHQ PRUH UREXVW� +RZHYHU� ZH FRXOG QRW

ILQG D 3RUWXJXHVH YHUVLRQ RI WKLV GDWDVHW� :H WULHG WR WUDQVODWH LW� EXW WKH FRVWV ZHUH WRR KLJK� DV QR

IUHH SODWIRUP ZDV IRXQG DQG WKH *RRJOH 7UDQVODWRU $3, SUHVHQWHG VHYHUDO OLPLWDWLRQV� ZKLFK GLG QRW DOORZ

WKH H[HFXWLRQ� 7KHUHIRUH� ZH XVHG WKH 64X$'��� GDWDVHW� WUDQVODWHG E\ WKH *RRJOH WUDQVODWLRQ $3, DQG

PDGH DYDLODEOH LQ WKH *LW+XE UHSRVLWRU\ QXQRUF�VTXDG�Y����SW� +RZHYHU� WKLV GDWDVHW DOVR SUHVHQWV VRPH

OLPLWDWLRQV� DV LW ZDV DXWRPDWLFDOO\ WUDQVODWHG� DQG WKH GDWDVHW FRQWDLQV WKH VWDUWLQJ SRVLWLRQ RI WKH DQVZHU

LQ WKH FRQWH[W SDUDJUDSK� GXH WR WKH GLIIHUHQFHV EHWZHHQ (QJOLVK DQG 3RUWXJXHVH� WKH VWDUWLQJ SRVLWLRQ

FRXOG QRW EH YDOLGDWHG� 7KXV� LQ WKHVH FDVHV� WKH VWDUWLQJ SRVLWLRQ ZDV VHW WR ��

:LWK WKH GDWDVHWV DQG WKH SUH�WUDLQHG %(57 PRGHO� ZH VWDUWHG WR ILQH�WXQH WKH ODWWHU� 7KLV ZDV GRQH

XVLQJ WKH 3\WKRQ VFULSW SURYLGHG E\ WKH *RRJOH 5HVHDUFK WHDP ZKR GHYHORSHG %(57� FDOOHG UXQBVTXDG�S\�

7KLV VFULSW� ZKLFK ZDV DGDSWHG IURP 7HQVRUIORZ WR 3\7RUFK E\ +XJJLQJ)DFH �ZH GHFLGHG WR XVH WKLV RQH

JLYHQ WKH IDFW ZH ZHUH DOVR XVLQJ 3\7RUFK LQ WKH 5(67 $3,�� ILQH�WXQHV WKH JLYHQ %(57 PRGHO XVLQJ D

YHUVLRQ RI WKH 64X$' GDWDVHW� $V VDLG� WKH VHOHFWHG PRGHO ZDV WKH PXOWLOLQJXDO FDVHG %(57� ZKLFK LV

FDOOHG ��ÉÓʐ�vÍ�ʐ±×¬Ó�¬�²�×v¬ʐ�vÍ���

*LYHQ WKH IDFW WKDW WKH PXOWLOLQJXDO FDVHG %(57 PRGHO ZDV VLJQLILFDQWO\ KHDY\� WKH ILQH�WXQLQJ ZDV VORZ�

/DFNLQJ *38V DQG ORFDO PDFKLQHV ZKLFK FRXOG HQKDQFH WKH SHUIRUPDQFH RI WKH PRGHOV· WUDLQLQJ� ZH KDG

WR VHW XS D 9LUWXDO 0DFKLQH ZLWKLQ *RRJOH &ORXG 3ODWIRUP �XVLQJ WKH WULDO YRXFKHU RI ������ 7KLV 90 DOVR

KDG QR *38� EXW VLQFH LW ZDV UXQQLQJ QR RWKHU VLJQLILFDQW SURFHVV� ZH ZHUH DEOH WR UHGXFH WKH H[HFXWLRQ

WLPH �IURP QHDUO\ �� GD\V RQ D ORFDO PDFKLQH WR � GD\V�� 7KH 90 ZDV D Q��VWDQGDUG�� LQVWDQFH� ZLWK �

Y&38V DQG �� *% RI PHPRU\�

7KH (QJOLVK PRGHO ZDV WUDLQHG ZLWK WKH VSHFLILFDWLRQV VHHQ RQ /LVWLQJ ���� ZKLOH WKH 3RUWXJXHVH PRGHO

ZLWK WKH RQHV VHHQ RQ /LVWLQJ ����

/LVWLQJ ���� 5XQ %(57 )LQH�WXQLQJ �(1�

Ȭ ÆéÓ�¸²Ȯ É×²ɘÍÈ×v�ɐÆé Ʉ

ȭ ʐʐ±¸��¬ɘÓéÆ� ��ÉÓ Ʉ

Ȯ ʐʐ±¸��¬ɘ²v±�ɘ¸ÉɘÆvÓ� ��ÉÓʐ�vÍ�ʐ±×¬Ó�¬�²�×v¬ʐ�vÍ�� Ʉ

ȯ ʐʐ¸×ÓÆ×Óɘ��É ±¸��¬Íɗ��ÉÓɗ Ʉ

Ȱ ʐʐ�vÓvɘ��É �vÓvɗÍÈ×v�ɘ�² Ʉ

ȱ ʐʐ¸â�ÉãÉ�Ó�ɘ¸×ÓÆ×Óɘ��É ʐʐ¸â�ÉãÉ�Ó�ɘ�v��� Ʉ

Ȳ ʐʐ�¸ɘÓÉv�² Ʉ

ȳ ʐʐÓÉv�²ɘ��¬� ÓÉv�²ʐâȭɐȫɐ©Í¸² Ʉ

ȴ ʐʐâ�ÉÍ�¸²ɘȭɘã�Ó�ɘ²��vÓ�â� Ʉ

Ȭȫ ʐʐ�¸ɘ�âv¬ Ʉ

�KWWSV���UDMSXUNDU�JLWKXE�LR�64X$'�H[SORUHU�

��
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ȬȬ ʐʐÆÉ����Óɘ��¬� ��âʐâȭɐȫɐ©Í¸² Ʉ

Ȭȭ ʐʐÆ�Éɘ�Æ×ɘÓÉv�²ɘ�vÓ��ɘÍ�î� ȭ Ʉ

ȬȮ ʐʐ¬�vÉ²�²�ɘÉvÓ� Ȯ�ʐȰ Ʉ

Ȭȯ ʐʐ²×±ɘÓÉv�²ɘ�Æ¸��Í ȭ Ʉ

ȬȰ ʐʐ±vèɘÍ�Èɘ¬�²�Ó� Ȯȳȯ Ʉ

Ȭȱ ʐʐ�¸�ɘÍÓÉ��� Ȭȭȳ Ʉ

ȬȲ ʐʐÓ�É�v�Í Ȭȫ Ʉ

Ȭȳ ʐʐÍvâ�ɘÍÓ�ÆÍ Ȱȫȫȫ

/LVWLQJ ���� 5XQ %(57 )LQH�WXQLQJ �37�

Ȭ ÆéÓ�¸²Ȯ É×²ɘÍÈ×v�ɐÆé Ʉ

ȭ ʐʐ±¸��¬ɘÓéÆ� ��ÉÓ Ʉ

Ȯ ʐʐ±¸��¬ɘ²v±�ɘ¸ÉɘÆvÓ� ��ÉÓʐ�vÍ�ʐ±×¬Ó�¬�²�×v¬ʐ�vÍ�� Ʉ

ȯ ʐʐ¸×ÓÆ×Óɘ��É ±¸��¬Íɗ��ÉÓɘÆÓɗ Ʉ

Ȱ ʐʐ�vÓvɘ��É �vÓvɗÍÈ×v�ɘÆÓ Ʉ

ȱ ʐʐ¸â�ÉãÉ�Ó�ɘ¸×ÓÆ×Óɘ��É ʐʐ¸â�ÉãÉ�Ó�ɘ�v��� Ʉ

Ȳ ʐʐ�¸ɘÓÉv�² Ʉ

ȳ ʐʐÓÉv�²ɘ��¬� ÓÉv�²ʐâȬɐȬɐ©Í¸² Ʉ

ȴ ʐʐ�¸ɘ�âv¬ Ʉ

Ȭȫ ʐʐÆÉ����Óɘ��¬� ��âʐâȬɐȬɐ©Í¸² Ʉ

ȬȬ ʐʐÆ�Éɘ�Æ×ɘÓÉv�²ɘ�vÓ��ɘÍ�î� ȭ Ʉ

Ȭȭ ʐʐ¬�vÉ²�²�ɘÉvÓ� Ȯ�ʐȰ Ʉ

ȬȮ ʐʐ²×±ɘÓÉv�²ɘ�Æ¸��Í ȭ Ʉ

Ȭȯ ʐʐ±vèɘÍ�Èɘ¬�²�Ó� Ȯȳȯ Ʉ

ȬȰ ʐʐ�¸�ɘÍÓÉ��� Ȭȭȳ Ʉ

Ȭȱ ʐʐÓ�É�v�Í Ȭȫ Ʉ

ȬȲ ʐʐÍvâ�ɘÍÓ�ÆÍ Ȱȫȫȫ

7KH (QJOLVK PRGHO �WUDLQHG RQ 64X$'���� WRRN QHDUO\ � GD\V WR FRPSOHWH WKH WUDLQLQJ� ZKLOH WKH

3RUWXJXHVH PRGHO �WUDLQHG RQ 64X$'���� WRRN FLUFD � GD\V WR FRPSOHWH �VLQFH WKH GDWDVHW ZDV VPDOOHU

DQG OHVV FRPSOH[� 7KHVH PRGHOV WUDLQHG IRU 4$ FDQ EH HYDOXDWHG ZLWK WZR PHWULFV� ([DFW 0DWFK DQG )��

([DFW PDWFK LV D VWULFW PHWULF ZKLFK VWDWHV LI IRU HDFK TXHVWLRQ�DQVZHU SDLU� WKH FKDUDFWHUV RI WKH

PRGHO·V SUHGLFWLRQ H[DFWO\ PDWFK WKH FKDUDFWHUV RI DW OHDVW RQH RI WKH 7UXH $QVZHUV�

)� LV D FRPPRQ PHWULF XVHG LQ FODVVLILFDWLRQ PRGHOV EXW DOVR ZLGHO\ XVHG IRU 4$� FDOFXODWHG ZLWK

SUHFLVLRQ DQG UHFDOO� 3UHFLVLRQ LV WKH UDWLR RI WKH QXPEHU RI VKDUHG ZRUGV WR WKH WRWDO QXPEHU RI ZRUGV LQ

WKH SUHGLFWLRQ� DQG UHFDOO LV WKH UDWLR RI WKH QXPEHU RI VKDUHG ZRUGV WR WKH WRWDO QXPEHU RI ZRUGV LQ WKH

SURYLGHG DQVZHU �LQ WKLV FDVH� 7UXH $QVZHU�� )�� DV LQ :LNLSHGLD ������� LV FDOFXODWHG XVLQJ WKH IROORZLQJ

IRUPXOD�

!1 = 2 × SUHFLVLRQ × UHFDOO
SUHFLVLRQ + UHFDOO

7DEOH ���� 7DEOH ��� DQG 7DEOH ��� ZHUH REWDLQHG IURP WKH ILQH�WXQLQJ RXWSXWV� ZLWK WKH LQWHQW RI KHOSLQJ

XV HYDOXDWH DQG DQDO\]H WKH SHUIRUPDQFH RI WKH %(57 PRGHOV� ,Q WKHVH WDEOHV� WKH WRWDO YDOXHV UHIHU WR WKH

��
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QXPEHU RI TXHVWLRQ�DQVZHU SDLUV XVHG IRU WKDW PHWULF LQ WKH GHY VHW�

0RGHO EHUW�EDVH�PXOWLOLQJXDO�FDVHG EHUW�EDVH�PXOWLOLQJXDO�FDVHG
64X$' 9HUVLRQ ��� �RULJLQDO (1� ��� �WUDQVODWHG WR 37�
H[DFW ����������������� �����������������
I� ����������������� �����������������
WRWDO ����� �����

7DEOH ���� %(57� 6FRUHV DYHUDJHG RYHU DOO H[DPSOHV LQ WKH GHY VHW

,Q 7DEOH ���� WKH ([DFW 0DWFK IRU WKH (QJOLVK PRGHO ZDV FLUFD ���� ZKLOH WKH 3RUWXJXHVH RQH JRW FLUFD

������ ZLWK D VLJQLILFDQW ORVV FRPSDUHG WR WKH ILUVW PRGHO� 7KLV FDQ EH GXH WR WKH 3RUWXJXHVH WUDQVODWHG

GDWDVHW PLVVLQJ WKH FRUUHFW DQVZHU SRVLWLRQV� 5HJDUGLQJ WKH )� VFRUH� WKH (QJOLVK PRGHO JRW FLUFD �����

ZKHUH WKH 3RUWXJXHVH PRGHO JRW FLUFD ������ :H FRQFOXGHG WKDW WKH UHVXOWV RI WKH (QJOLVK PRGHO ZHUH

VDWLVIDFWRU\� FRPSDUHG ZLWK WKH UHVXOWV JHQHUDOO\ REWDLQHG ZLWK %(57 DQG 64X$' ��� �SUHVHQWHG LQ WKH

GDWDVHW·V ZHE SDJH�� :KHQ LW FRPHV WR WKH 3RUWXJXHVH PRGHO� GHVSLWH KDYLQJ D ORZ ([DFW 0DWFK� LW FDQ

VWLOO SURYLGH D UDWKHU SUHFLVH DQVZHU� ,I D YHUVLRQ RI WKH 64X$' GDWDVHW ZDV DYDLODEOH IRU WKH 3RUWXJXHVH

ODQJXDJH �ZLWK WKH FRUUHFW DQVZHU SRVLWLRQV DQG FRUUHFW WUDQVODWLRQ WR (XURSHDQ 3RUWXJXHVH�� ZH EHOLHYH

WKH UHVXOWV ZRXOG EH EHWWHU�

0RGHO EHUW�EDVH�PXOWLOLQJXDO�FDVHG EHUW�EDVH�PXOWLOLQJXDO�FDVHG
64X$' 9HUVLRQ ��� �RULJLQDO (1� ��� �WUDQVODWHG WR 37�
+DV$QVBH[DFW ����������������� �����������������
+DV$QVBI� ����������������� �����������������
+DV$QVBWRWDO ���� �����

7DEOH ���� %(57� 6FRUHV DYHUDJHG RYHU RQO\ SRVLWLYH H[DPSOHV �KDYH DQVZHUV�

7DEOH ��� SUHVHQWV WKH UHVXOWV REWDLQHG IURP WKH TXHVWLRQ�DQVZHU SDLUV LQ WKH GHY VHW ZKLFK HIIHFWLYHO\

KDG DQ DQVZHU� 6LQFH WKH 64X$' YHUVLRQ ��� RQO\ KDG SRVLWLYH H[DPSOHV� WKH UHVXOWV IRU WKH 3RUWXJXHVH

PRGHO DUH WKH VDPH DV WKH RQHV RQ 7DEOH ��� �WKLV FDQ EH FRQFOXGHG DOVR E\ WKH VDPH WRWDO YDOXH�� 2Q WKH

RWKHU KDQG� WKH (QJOLVK UHVXOWV ZHUH ZRUVH WKDQ WKH RQHV LQ 7DEOH ���� EXW VWLOO SUHVHQWLQJ DQ RYHUDOO JRRG

SHUIRUPDQFH UHJDUGLQJ WKH )� VFRUH �RQO\ � SRLQWV ORZHU� ZKLOH WKH ([DFW 0DWFK YDOXH ORZHUHG E\ QHDUO\ �

SRLQWV�� 7KH WRWDO H[DPSOHV XVHG LQ WKH (QJOLVK PRGHO ZHUH DOPRVW KDOI RI WKH GDWDVHW�

0RGHO EHUW�EDVH�PXOWLOLQJXDO�FDVHG EHUW�EDVH�PXOWLOLQJXDO�FDVHG
64X$' 9HUVLRQ ��� �RULJLQDO (1� ��� �WUDQVODWHG WR 37�
1R$QVBH[DFW ����������������� �
1R$QVBI� ����������������� �
1R$QVBWRWDO ���� �

7DEOH ���� %(57� 6FRUHV DYHUDJHG RYHU RQO\ QHJDWLYH H[DPSOHV �QR DQVZHUV�

:KHQ LW FRPHV WR QHJDWLYH H[DPSOHV �TXHVWLRQ�DQVZHU SDLUV ZLWK QR DQVZHU�� 7DEOH ��� VKRZHG XV WKDW

WKH (QJOLVK PRGHO LPSURYHG LWV SHUIRUPDQFH RQ WKH RWKHU KDOI RI WKH GDWDVHW� LQFUHDVLQJ WKH ([DFW 0DWFK

��
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YDOXH DQG )� VFRUH WR ERWK ������ 7KH 3RUWXJXHVH PRGHO KDG QR RXWSXWV IRU WKHVH PHWULFV GXH WR WKH IDFW

WKDW WKH 64X$' YHUVLRQ ��� GRHV QRW SURYLGH QHJDWLYH H[DPSOHV�

����� :HE $SSOLFDWLRQ

7KH ZHE DSSOLFDWLRQ ZDV GHYHORSHG XVLQJ 5HDFW� ,W LV D VLPSOH DSSOLFDWLRQ �ZKLFK FDQ EH XVHG RQ DQ\ GHYLFH

ZLWK LQWHUQHW FRQQHFWLRQ DQG D EURZVHU�� FRQWDLQLQJ D FKDW WR DOORZ XVHUV WR LQWHUDFW ZLWK WKH FKDWERW�

7KH DSSOLFDWLRQ ILUVW WULHV WR FKHFN WKH XVHU·V GHYLFH ODQJXDJH �LW XVHV (QJOLVK E\ GHIDXOW�� 7KHQ� D 8,

LV SUHVHQWHG DV VKRZQ LQ )LJXUH ���� 7KH XVHU LQWHUDFWV ZLWK D YLUWXDO µGRFWRUµFDOOHG 'U� (XJHQLXV� ZKLFK

LV DFWXDOO\ RXU FKDWERW� $Q\ TXHVWLRQV ZULWWHQ LQ WKH DSSOLFDWLRQ DUH WUDQVPLWWHG WR WKH 5(67 $3,� ZKLFK

SURYLGHV WKH DQVZHUV� 7KHVH DUH WKHQ SULQWHG RQ WKH FKDW�OLNH DSSOLFDWLRQ VFUHHQ�

��
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)LJXUH ���� :HE $SSOLFDWLRQ� 8, �(QJOLVK DQG 3RUWXJXHVH�

��
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7HVWLQJ DQG 7XQLQJ

7KLV FKDSWHU SUHVHQWV WKH UHVXOWV REWDLQHG IURP WKH &KDWERW DSSOLFDWLRQ DQG WKH UHILQHPHQWV GHYHORSHG

DQG DSSOLHG WR DFKLHYH EHWWHU UHVXOWV�

��� &29,'��� 4$ 7HVW 6HW

,Q RUGHU WR WHVW RXU DSSOLFDWLRQ� D VHW RI TXHVWLRQV UHODWHG WR &29,'��� ZDV REWDLQHG ERWK IRU 3RUWXJXHVH

DQG (QJOLVK ODQJXDJHV IURP OHJLW DQG WUXVWZRUWK\ VRXUFHV� 7KLV ZD\� ZH ZHUH DEOH WR FRPSDUH WKH RIILFLDO

UHVSRQVHV ZLWK WKH RQHV REWDLQHG XVLQJ WKH GHYHORSHG FKDWERW�

7KH (QJOLVK )$4V LV D VXEVHW RI WHQ TXHVWLRQV IURP WKH RQHV SUHVHQW RQ WKH 8QLWHG 1DWLRQV· ZHEVLWH

�&RURQDYLUXV GLVHDVH �&29,'���� )$4V��

(14� +RZ GRHV &29,'��� VSUHDG"

(14� :KDW DUH WKH V\PSWRPV RI &29,'���"

(14� +RZ GR , NQRZ LI LW LV &29,'��� RU MXVW WKH FRPPRQ FROG"

(14� &DQ WKH YLUXV WKDW FDXVHV &29,'��� EH WUDQVPLWWHG WKURXJK WKH DLU"

(14� :KDW FDQ , GR WR SURWHFW P\VHOI DQG SUHYHQW WKH VSUHDG RI GLVHDVH"

(14� 6KRXOG , ZHDU D PDVN ZKLOH H[HUFLVLQJ"

(14� $UH WKH V\PSWRPV RI &29,'��� GLIIHUHQW LQ FKLOGUHQ WKDQ LQ DGXOWV"

(14� $UH DQWLELRWLFV HIIHFWLYH LQ SUHYHQWLQJ RU WUHDWLQJ &29,'���"

(14� &DQ KXPDQV EHFRPH LQIHFWHG ZLWK &29,'��� IURP DQ DQLPDO VRXUFH"

��
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(14�� +RZ ORQJ GRHV WKH YLUXV VXUYLYH RQ VXUIDFHV"

7KH 3RUWXJXHVH TXHVWLRQ VHW� LQ RUGHU WR JXDUDQWHH FRQVLVWHQF\� LV WKH VDPH DV WKH (QJOLVK RQH� ,W LV

SUHVHQWHG� DV ZHOO DV WKH DQVZHUV WR HDFK RI WKH DIRUHPHQWLRQHG TXHVWLRQV� RQ $SSHQGL[ '�

%HIRUH UXQQLQJ RXU DSSOLFDWLRQ ZLWK WKHVH TXHVWLRQ VHWV� ZH FRXOG LGHQWLI\ VRPH TXHVWLRQV WKDW FRXOG

FUHDWH VRPH LVVXHV� H�J� WKH TXHVWLRQV WKDW GR QRW PHQWLRQ &29,'��� RU FRURQDYLUXV FDQ EH DQVZHUHG ZLWK

LQIRUPDWLRQ ZULWWHQ RQ WKH FRQWH[W RI RWKHU GLVHDVHV RU YLUXVHV� $OVR� GHVSLWH QRW EHLQJ SDUW RI WKLV TXHVWLRQ

VHW� FRPSRVHG TXHVWLRQV �PRUH WKDQ RQH VHQWHQFH� FDQ DOVR EH WULFN\ WR WKH DSSOLFDWLRQ�

��� 5HVXOWV

,Q WKLV VHFWLRQ� WKH UHVXOWV REWDLQHG DUH SUHVHQWHG IRU HDFK RI WKH DSSOLFDWLRQ·V FRQILJXUDWLRQV�

,Q RUGHU WR WU\ WR JHW WKH EHVW DQVZHU� WKH WRS WKUHH GRFXPHQWV ZHUH IHWFKHG IURP (ODVWLF6HDUFK �H[FHSW

LQ 6HFWLRQ ������ ZKHUH RQO\ WKH PRVW UHOHYDQW GRFXPHQW LV UHWULHYHG�� DQG WKH DQVZHU ZLWK WKH EHVW VFRUH

LV WKH RQH SUHVHQWHG� DV ZHOO DV WKH %(57 H[HFXWLRQ WLPH IRU WKDW GRFXPHQW�DQVZHU SDLU� +RZHYHU� WKLV

DSSURDFK OHG WR D VLJQLILFDQW RYHUDOO UHVSRQVH WLPH IURP � WR � PLQXWHV IRU HDFK UHTXHVW RQ WKH (QJOLVK

4$ 6HW �RQ WKH 3RUWXJXHVH 4$ 6HW WKH DYHUDJH ZDV EHWZHHQ � DQG �� PLQXWHV��

$OVR� WKH WDEOHV ZLWK WKH UHVXOWV LQ WKH IROORZLQJ VHFWLRQV SUHVHQW WKH (ODVWLF6HDUFK VFRUH REWDLQHG IRU

WKH FKRVHQ GRFXPHQW ZLWK WKH JLYHQ TXHU\� 7KH (ODVWLF6HDUFK VFRULQJ IXQFWLRQ LV GHVFULEHG LQ /XFHQHäV

3UDFWLFDO 6FRULQJ )XQFWLRQ DQG LW·V FDOFXODWHG DV VHHQ RQ )LJXUH ����

)LJXUH ���� (ODVWLF6HDUFK 6FRULQJ )XQFWLRQ �/XFHQHäV 3UDFWLFDO 6FRULQJ )XQFWLRQ�

%UHDNLQJ WKH IRUPXOD LQ )LJXUH ��� LQWR SDUWV� ZH FDQ VHH WKDW�

�� VFRUH�T�G� LV WKH UHOHYDQFH VFRUH RI GRFXPHQW G IRU TXHU\ T�

�� TXHU\1RUP�T� LV WKH TXHU\ QRUPDOL]DWLRQ IDFWRU �ZKLFK LV DQ DWWHPSW WR QRUPDOL]H D TXHU\ VR WKDW

WKH UHVXOWV IURP RQH TXHU\ PD\ EH FRPSDUHG ZLWK WKH UHVXOWV RI DQRWKHU��

��
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�� FRRUG�T�G� LV WKH FRRUGLQDWLRQ IDFWRU �ZKLFK LV XVHG WR UHZDUG GRFXPHQWV WKDW FRQWDLQ D KLJKHU

SHUFHQWDJH RI WKH TXHU\ WHUPV��

�� 7KH VXP RI WKH ZHLJKWV IRU HDFK WHUP W LQ WKH TXHU\ T IRU GRFXPHQW G

�� WI�W LQ G� LV WKH WHUP IUHTXHQF\ IRU WHUP W LQ GRFXPHQW G �FDOFXODWHG ZLWK WKH VTXDUH URRW RI WKH

QXPEHU RI WLPHV WKH WHUP DSSHDUV LQ WKH GRFXPHQW��

�� LGI�W� LV WKH LQYHUVH GRFXPHQW IUHTXHQF\ IRU WHUP W �WKH ORJDULWKP RI WKH QXPEHU RI GRFXPHQWV LQ

WKH LQGH[� GLYLGHG E\ WKH QXPEHU RI GRFXPHQWV WKDW FRQWDLQ WKH WHUP��

�� W�JHW%RRVW�� LV WKH ERRVW WKDW KDV EHHQ DSSOLHG WR WKH TXHU\ �SDUDPHWHU GHILQHG DW VHDUFK WLPH WR

JLYH RQH TXHU\ FODXVH PRUH LPSRUWDQFH WKDQ DQRWKHU��

�� QRUP�W�G� LV WKH ILHOG�OHQJWK QRUP� FRPELQHG ZLWK WKH LQGH[�WLPH ILHOG�OHYHO ERRVW� LI DQ\ �FDOFXODWHG

ZLWK WKH LQYHUVH VTXDUH URRW RI WKH QXPEHU RI WHUPV LQ WKH ILHOG��

7KLV VFRUH LV PHUHO\ XVHG E\ (ODVWLF6HDUFK WR FDOFXODWH WKH PRVW UHOHYDQW GRFXPHQWV LQGH[HG� LW GRHV

QRW LQGLFDWH LI WKH DQVZHU WR WKH JLYHQ TXHU\ LV SUHVHQW LQ WKH GRFXPHQW� 6R� WKH VFRUHV LQ WKH WDEOHV EHORZ

DUH RQO\ LQGLFDWLYH DQG FDQQRW EH XVHG WR GUDZ FRQFOXVLRQV RQ WKH DQVZHU REWDLQHG� +RZHYHU� LI WKH VFRUHV

ZHUH WRR ORZ� ZH FRXOG GHGXFW WKDW QR UHOHYDQW GRFXPHQWV FRXOG EH UHWULHYHG IURP WKH LQGH[HV�

����� 1R 7XQLQJ �5DZ ,QGH[LQJ�

)LUVWO\� ZH UDQ WKH DSSOLFDWLRQ ZLWK QR WXQLQJ ZKDWVRHYHU� 7KLV PHDQV WKDW WKH (ODVWLF6HDUFK LQGH[HV GR

QRW KDYH DQ\ VSHFLDO FRQILJXUDWLRQ RWKHU WKDQ WKH GHIDXOWV DQG WKH FRQWH[WV �ZHE SDJHV� DUH XVHG DV WKH\

ZHUH LQGH[HG� ZLWKRXW DQ\ IXUWKHU WUHDWPHQW�

4XHVWLRQ ,' $QVZHU $QVZHU 6FRUH ([HFXWLRQ 7LPH �V� (6 6FRUH

(14� µPRUH HDVLO\ WKDQ 6$56µ ������� ���������� ��������
(14� µ&RURQDYLUXV 'LVHDVHµ ������� ���������� ��������
(14� µPLVVLQJ LWµ ������� ��������� ��������
(14� µ&29,'��� FDQ VSUHDG YLD DLUERUQH WUDQVPLVVLRQ�µ ������� ���������� ���������
(14� µ:DVK \RXU KDQGV�µ ������� ��������� ���������
(14� µ&RPSXOVRU\µ ������� ��������� ���������
(14� µYHU\ GLIIHUHQWµ ������� ��������� ���������
(14� µSUHYHQWLQJµ ������� ��������� ���������
(14� µNLGV JHQHUDOO\ GRQ·W VHHP WR EH JHWWLQJ VHYHUHO\ LOO�µ ������� ���������� ���������
(14�� µSURORQJHG SHULRGV RI WLPH�µ ������� ���������� ���������

7DEOH ���� 1R 7XQLQJ � $SSOLFDWLRQ 5HVXOWV RQ (QJOLVK 4$ 6HW

)URP WKH UHVXOWV SUHVHQWHG RQ 7DEOH ���� ZH FRXOG REVHUYH VRPH UHVSRQVHV ZHUH FRUUHFW� GHVSLWH

VRPH EHLQJ DPELJXRXV �H�J� (14� RU (14�� ZKLFK DUH QRW LQFRUUHFW EXW DOVR GRHV QRW SURYLGH WKH UHTXLUHG

UHVSRQVH� RU LQFRPSOHWH �H�J� RQ (14� WKH FRPPD LQGLFDWHV WKH SKUDVH FRXOG KDYH PRUH LPSRUWDQW LQIRU�

PDWLRQ�� 5HJDUGLQJ (14�� WKH UHVSRQVH ZDV FRUUHFW EXW IRU D SHULRG RI WLPH DQG RQ D JLYHQ FRXQWU\ �LQ WKLV

��
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FDVH� WKH DQVZHU ZDV IHWFKHG IURP D QHZV SDJH DERXW 6LQJDSRUH LQ $SULO ������ )RU (14� DQG (14�� WKH

DQVZHUV REWDLQHG GLG QRW DFWXDOO\ SURYLGH DQ DQVZHU WR WKH TXHVWLRQV SUHVHQWHG� 2Q (14�� WKH UHVSRQVH

ZDV FRUUHFWO\ H[WUDFWHG IURP WKH FRQWH[W� ZKLFK VWDWHG WKDW µLW LV LPSRUWDQW WR UHFRJQL]H WKDW V\PSWRPV LQ

FKLOGUHQ FDQ EH YHU\ GLIIHUHQW WKDQ LQ DGXOWVµ� GHVSLWH FRQWUDGLFWLQJ WKH UHVSRQVH SURYLGHG E\ WKH 81�

4XHVWLRQ ,' $QVZHU $QVZHU 6FRUH ([HFXWLRQ 7LPH �V� (6 6FRUH

374� µDWUDYpV GH DOLPHQWRV�µ ������� ��������� �������
374� µ&RURQD 9LUXV 'LVHDVHµ ������� ��������� ��������
374� µWHOHIRQH�µ ������� ���������� ���������
374� µDWUDYpV GH DOLPHQWRV�µ ������� ���������� ���������
374� µODYDU DV PmRVµ ������� ���������� ���������
374� µFRODERUDGRUHVµ ������� ���������� ���������
374� µ&RURQDYLUXV 'LVHDVHµ ������� ���������� ���������
374� µDQWLELyWLFRV QmR VmR HIHWLYRVµ ������� ���������� ���������
374� µFRURQDYLUXV GLVHDVHµ ������� ��������� ���������
374�� µ� D �� GLDV�µ ������� ���������� ���������

7DEOH ���� 1R 7XQLQJ � $SSOLFDWLRQ 5HVXOWV RQ 3RUWXJXHVH 4$ 6HW

$V IRU WKH 3RUWXJXHVH 4$ 6HW UHVXOWV� VHHQ RQ 7DEOH ���� WKH RXWFRPHV ZHUH IDU IURP WKH H[SHFWHG�

0RVW DQVZHUV ZHUH ZURQJ� QRW HYHQ DQVZHULQJ WKH SURYLGHG TXHVWLRQ� +RZHYHU� WKLV LV GXH WR WZR VLWXDWLRQV�

VRPH SDJHV UHWXUQHG E\ (ODVWLF6HDUFK ZHUH )$4 SDJHV� ZKLFK FRQWDLQHG ERWK WKH TXHVWLRQ DQG WKH DQVZHU�

WKXV FRQIXVLQJ RXU PRGHO ZKLFK H[WUDFWHG WKH DQVZHU IURP WKH TXHVWLRQ DQG QRW IURP WKH DQVZHU �H�J�

374� DQG 374��� DQG DOVR WKH SDJHV UHWXUQHG QRW FRQWDLQLQJ WKH DQVZHUV UHTXLUHG �H�J� 374� DQG 374���

$ UHOHYDQW IDFW WKDW ZDV QRWLFHG ZDV WKDW VRPH DQVZHUV ZHUH EHLQJ H[WUDFWHG IURP VRPH GXELRXV

ZHEVLWHV IRU WKH SXUSRVH� )RU H[DPSOH� IRU RQH TXHVWLRQ WKH DQVZHU ZDV EHLQJ H[WUDFWHG IURP DQ DUWLFOH

FDOOHG µ2YHUK\SHG &RURQDYLUXV :HDSRQL]HG $JDLQVW 7UXPSµLQ WKH ZHE SDJH RI D SROLWLFDO VKRZ� ZKLFK

ZDV D SROLWLFDOO\ FRUUXSWHG FRPPHQWDU\� LQVWHDG RI VFLHQWLILFDOO\ FRUUHFW GDWD� $OVR� RWKHU DQVZHUV ZHUH

H[WUDFWHG IURP QHZV VRXUFHV �DQG DOVR WKH\ ZHUH LGHQWLILHG DV EHORQJLQJ WR SULYDWH HQWLWLHV�� 7KLV FDQ OHDG

WR RXWGDWHG DQG FRQWH[WXDO LQIRUPDWLRQ� DV ZHOO DV WR PDQLSXODWHG GDWD� 7KXV� WKH ILUVW DSSURDFK WR WU\ WR

LPSURYH WKH FKDWERW·V UHVXOWV ZHUH WR UHVWULFW WKH FUDZOHU·V DSSOLFDWLRQ WR RQO\ GRZQORDG SDJHV IURP WKH

WUXVWZRUWK\ VHW RI LQLWLDO VRXUFHV� 7KH UHVXOWV IRU WKDW DSSURDFK DUH SUHVHQWHG LQ WKH QH[W VHFWLRQ�

����� :LWK &UDZOLQJ 5HVWULFWLRQV

$V VSHFLILHG LQ WKH SUHYLRXV VHFWLRQ� WKH ILUVW DSSURDFK WR LPSURYH WKH UHVXOWV UHOLHG RQ UHVWULFWLQJ WKH

FUDZOHU·V DPSOLWXGH RI SDJHV WR GRZQORDG� QRZ LW VKRXOG RQO\ FUDZO ZHE SDJHV IURP WKH VRXUFHV LQGLFDWHG

DV VHHGV� ZKLFK ZH NQRZ DUH UHOLDEOH VRXUFHV RI LQIRUPDWLRQ DQG QRW SROLWLFDOO\ FRUUXSWHG�

7KLV ZDV GRQH E\ VHWWLQJ WKH FUDZOHU FRQILJXUDWLRQ ¬�²ªɘÍÓ¸Év��ɐ¬�²ªɘÍÓÉvÓ��éɐ×Í�ɘÍ�¸Æ�ɇ

ÓÉ×�� 7KH FUDZOHU UDQ IRU FLUFD � KRXUV� KDYLQJ GRZQORDGHG ���� ZHE SDJHV� 2I WKRVH� ���� ZHUH LQ

(QJOLVK DQG ��� LQ 3RUWXJXHVH� +RZHYHU� VRPH SDJHV ZHUH DOVR IRXQG LQ RWKHU ODQJXDJHV LQ WKH VHHG ZHE

��
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SDJHV� � LQ 6SDQLVK� � LQ )UHQFK DQG �� LQ ,QGRQHVLDQ IRU H[DPSOH� $OVR� ��� SDJHV KDG WKHLU ODQJXDJH

VHW DV µXQGHILQHGµGXH WR D ODQJXDJH GHWHFWLRQ IDLOXUH� 7KHVH SDJHV FRUUHVSRQG WR QHDUO\ ���0% RI GDWD�

PHDQLQJ WKDW ZLWK DQ KRXU OHVV RI H[HFXWLRQ� WKH ILUVW LWHUDWLRQ RI WKH FUDZOHU JDWKHUHG PRUH �*% RI GDWD

WKDQ WKH FXUDWHG LWHUDWLRQ ZH MXVW SUHVHQWHG� +DYLQJ WKH SDJHV DOUHDG\ LQGH[HG �ZH XVHG D QHZ QDPLQJ

IRU WKHVH SDJHV� LQ RUGHU WR PDLQWDLQ WKH SUHYLRXVO\ LQGH[HG SDJHV� FRYLGB�ODQJXDJH!BY��� ZH FRXOG UXQ

RXU 4$ 6HWV DJDLQ� EXW QRZ IHWFKLQJ WKH GRFXPHQWV IURP WKH QHZO\ FUHDWHG LQGH[HV�

4XHVWLRQ ,' $QVZHU $QVZHU 6FRUH ([HFXWLRQ 7LPH �V� (6 6FRUH
(14� µWKURXJK IDHFHV"µ ������� �������� ��������
(14� µFRURQDYLUXVµ ������� �������� ���������
(14� µ&RURQDYLUXV GLVHDVHµ ������� ��������� �������
(14� µ(IIRUWV WR FRQWURO &29,'��� WUDQVPLVVLRQ KDYH UHGXFHG HFRQRPLF DFWLYLW\µ ������� ��������� ���������
(14� µ5HDG +RZ WR 3URWHFW <RXUVHOI WR OHDUQ PRUH�µ ������� ���������� ���������
(14� µ\RX VKRXOG VWLOO NHHS SK\VLFDO GLVWDQFH IURP RWKHUV DV PXFK DV SRVVLEOH�µ ������� ��������� ���������
(14� µWKH\ DQ\ GLIIHUHQW IURP JURZQXSV�µ ������� ��������� ���������
(14� µ&$1127 SUHYHQWµ ������� ��������� ���������
(14� µ7UDQVPLVVLRQ FRXOG RFFXU WKURXJK GLUHFW FRQWDFW ZLWK DQ LQIHFWHG LQGLYLGXDO�µ ������� �������� ���������
(14�� µKRZ ORQJµ ������� �������� ���������

7DEOH ���� :LWK &UDZOLQJ 5HVWULFWLRQV � $SSOLFDWLRQ 5HVXOWV RQ (QJOLVK 4$ 6HW

$V VHHQ RQ 7DEOH ���� ZLWK WKH FUDZOLQJ UHVWULFWLRQV� WKH UHVXOWV RQ WKH (QJOLVK 4$ 6HW ZHUH VWLOO YHU\

DPELJXRXV DQG LQFRUUHFW RQ PXOWLSOH TXHVWLRQV� GHVSLWH WKH IDFW ZH DUH QRZ JXDUDQWHHLQJ WKH WUXVWZRUWKL�

QHVV RI WKH LQIRUPDWLRQ� :H FRXOG VWLOO REVHUYH WKH DQVZHU EHLQJ IHWFKHG IURP WKH TXHVWLRQ� LQVWHDG RI WKH

DQVZHU� ZKHQ WKH GDWD VRXUFH LV D )$4 SDJH �H�J� (14��� 7KH H[HFXWLRQ WLPHV ZHUH EHWWHU� EXW WKDW RQO\

GHSHQGV RQ WKH ZHE SDJH·V VL]H� 7KH VFRULQJ ZDV YHU\ ORZ� PHDQLQJ WKH DQVZHU FRXOG QRW EH VXFFHVVIXOO\

H[WUDFWHG IRU PRVW FDVHV� 7KH UHVXOWV ZHUH DJDLQ XQVDWLVIDFWRU\�

4XHVWLRQ ,' $QVZHU $QVZHU 6FRUH ([HFXWLRQ 7LPH �V� (6 6FRUH
374� µSDUD OKH IRUQHFHUPRV D PHOKRU H[SHULrQFLD GH QDYHJDomR�µ ������� ��������� ��������
374� µUHFXSHUDomR HFRQyPLFD H VRFLDO�µ ������� ��������� ��������
374� µGHVHQFDGHDU HIHLWRV LQGHVHMiYHLV�µ ������� ���������� ��������
374� µDWUDYpV GH DOLPHQWRV�µ ������� ���������� ���������
374� µDo}HV SUHYHQWLYDV KDELWXDLVµ ������� ���������� ���������
374� µFOLHQWHV�µ ������� ���������� ���������
374� µRV GRLV YtUXV VmR PXLWR GLIHUHQWHVµ ������� ���������� ���������
374� µDQWLELyWLFRV QmR VmR HIHWLYRVµ ������� ���������� ���������
374� µJRWtFXODV UHVSLUDWyULDV�µ ������� ���������� �������
374�� µKRUDV RX DWp GLDV�µ ������� ���������� ���������

7DEOH ���� :LWK &UDZOLQJ 5HVWULFWLRQV � $SSOLFDWLRQ 5HVXOWV RQ 3RUWXJXHVH 4$ 6HW

5HJDUGLQJ WKH 3RUWXJXHVH 4$ 6HW� WKH UHVXOWV REWDLQHG ZLWK WKH FUDZOLQJ UHVWULFWLRQV DUH SUHVHQWHG RQ

7DEOH ���� 7KH H[HFXWLRQ WLPHV RI WKH %(57 DQVZHU H[WUDFWLRQ ZHUH PDLQO\ URXQGLQJ � PLQXWHV� ZKLFK LV

D YHU\ VLJQLILFDQW UHVSRQVH WLPH JLYHQ WKH QHHG IRU D TXLFN DQVZHU� $OVR� ZH DJDLQ REVHUYH WKH DQVZHU

EHLQJ H[WUDFWHG IURP WKH TXHVWLRQ RI D )$4 �374��� ZKLFK UHVXOWHG LQ D ZURQJ DQG PLVOHDGLQJ DQVZHU� 7KLV

LVVXH FDQQRW EH RYHUFRPH XVLQJ WKH PRGHO ZH DUH SURYLGLQJ DQG WKH ZHE SDJHV FRQWDLQLQJ WKH TXHVWLRQV

WKHPVHOYHV� 'HVSLWH 374� DQG 374�� KDYLQJ D FRUUHFW DQVZHU DQG 374� SURYLGLQJ D JHQHUDOLVW DQG

LPSUHFLVH DQVZHU� WKH RWKHUV ZHUH QRW QHDUO\ FRUUHFW�

:LWKRXW FKDQJLQJ WKH 7H[W 3URFHVVRU ORJLF� RQH PRUH WZHDN ZH FRXOG SURYLGH WR RXU V\VWHP LV WKH

LPSURYHPHQW RI WKH (ODVWLF6HDUFK LQGH[HV� 6LQFH ZH DUH IHWFKLQJ WKH WRS � ZHE SDJHV IURP (ODVWLF6HDUFK�

��
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DQG WKHQ UHWXUQLQJ WKH DQVZHU ZLWK WKH KLJKHVW VFRUH� WKH PRVW UHOHYDQW SDJH FDQ KDYH LWV DQVZHU GLVFDUGHG

�ZKLFK FRXOG EH WKH FRUUHFW RQH� LI WKH VFRUH UHWXUQHG E\ %(57 ZDV ORZHU WKDQ D OHVV UHOHYDQW SDJH� 7KXV�

LQ RUGHU WR JXDUDQWHH WKDW ZH UHWULHYH WKH PRVW UHOHYDQW SDJH HIIHFWLYHO\� DQG WKLV ZD\ GLVFDUGLQJ WKH QHHG

RI IHWFKLQJ WKH � SDJHV �UHGXFLQJ WKH H[HFXWLRQ WLPH E\ D WKLUG� JLYHQ WKH IDFW WKDW %(57 ZLOO RQO\ H[HFXWH

RYHU RQH SDJH�� ZH FRXOG HQKDQFH RXU (ODVWLF6HDUFK LQGH[HV E\ UHPRYLQJ VWRS ZRUGV �IRU (QJOLVK DQG

3RUWXJXHVH� DQG DOVR E\ FKDQJLQJ WKH WRNHQL]HU·V DSSURDFK WR µZKLWHVSDFHµLQVWHDG RI WKH VWDQGDUG RQH�

7KLV ODVW HQKDQFHPHQW SUHYHQWV VSOLWWLQJ WHUPV ZLWK GDVKHV� OLNH µ&29,'���µ� LQWR WZR WRNHQV� RQO\ VSOLWWLQJ

WRNHQV WKDW DUH VHSDUDWHG E\ ZKLWHVSDFHV� 7KH UHVXOWV JRWWHQ ZLWK WKLV DSSURDFK DUH SUHVHQWHG LQ WKH QH[W

VHFWLRQ�

����� :LWK &UDZOLQJ 5HVWULFWLRQV DQG (ODVWLF6HDUFK ,QGH[HV

(QKDQFHPHQW

7U\LQJ WR DOZD\V IHWFK WKH PRVW UHOHYDQW ZHE SDJH IRU D JLYHQ TXHVWLRQ ZKLOH DW WKH VDPH PRPHQW UHGXFLQJ

WKH H[HFXWLRQ WLPHV� ZH HQKDQFHG WKH (ODVWLF6HDUFK LQGH[HV� E\ FKDQJLQJ WKH GHIDXOW DQDO\]HU DQG UHPRY�

LQJ WKH VWRS ZRUGV� 7KLV ZDV GRQH ZLWK WKH UHTXHVWV WR RXU (ODVWLF6HDUFK LQVWDQFH VHHQ RQ /LVWLQJ ����

ZKLFK FUHDWHV QHZ LQGH[HV ZLWK WKH QDPLQJ µFRYLGB�ODQJ!BY�µ� NHHSLQJ WKH SUHYLRXVO\ FUHDWHG LQGH[HV

XQWRXFKHG�

/LVWLQJ ���� (ODVWLF6HDUFK ,QGH[HV (QKDQFHPHQW

Ȭ �×É¬ ʐl K[W ɕ¬¸�v¬�¸ÍÓɇȴȭȫȫɗ�¸â��ɘ�²ɘâȮɑÆÉ�ÓÓéɕ ʐ% ɕ
¸²Ó�²ÓʐWéÆ�ɇ�vÆÆ¬��vÓ�¸²ɗ©Í¸²ɕ ʐ� ɕ

ȭ ɭ

Ȯ �ʙÍ�ÓÓ�²�Íʙɇ�ɭ

ȯ ���ʙv²v¬éÍ�Íʙɇ�ɭ

Ȱ �����ʙv²v¬éî�Éʙɇ�ɭ

ȱ �������ʙ�¸â��ɘ�²ɘv²v¬éî�Éʙɇ�ɭ

Ȳ ���������ʙÓéÆ�ʙɇ�ʙã��Ó�ÍÆv��ʙɈ

ȳ ���������ʙÍÓ¸Æã¸É�Íʙɇ�ʙɘ�²�¬�Í�ɘʙɈ

ȴ ���������ʙ��²¸É�ɘ�vÍ�ʙɇ�ÓÉ×�

Ȭȫ �������ɮ

ȬȬ �����ɮ

Ȭȭ ���ɮ

ȬȮ �ɮ

Ȭȯ ɮɕ

ȬȰ

Ȭȱ �×É¬ ʐl K[W ɕ¬¸�v¬�¸ÍÓɇȴȭȫȫɗ�¸â��ɘÆÓɘâȮɑÆÉ�ÓÓéɕ ʐ% ɕ
¸²Ó�²ÓʐWéÆ�ɇ�vÆÆ¬��vÓ�¸²ɗ©Í¸²ɕ ʐ� ɕ

ȬȲ ɭ

Ȭȳ �ʙÍ�ÓÓ�²�Íʙɇ�ɭ

Ȭȴ ���ʙv²v¬éÍ�Íʙɇ�ɭ

ȭȫ �����ʙv²v¬éî�Éʙɇ�ɭ

ȭȬ �������ʙ�¸â��ɘÆÓɘv²v¬éî�Éʙɇ�ɭ

ȭȭ ���������ʙÓéÆ�ʙɇ�ʙã��Ó�ÍÆv��ʙɈ

ȭȮ ���������ʙÍÓ¸Æã¸É�Íʙɇ�ʙɘÆ¸ÉÓ×�×�Í�ɘʙɈ

��
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ȭȯ ���������ʙ��²¸É�ɘ�vÍ�ʙɇ�ÓÉ×�

ȭȰ �������ɮ

ȭȱ �����ɮ

ȭȲ ���ɮ

ȭȳ �ɮ

ȭȴ ɮɕ

7KH VWRS ZRUG OLVWV �(QJOLVK DQG 3RUWXJXHVH� DUH WKH GHIDXOW RQHV GHILQHG LQ WKH /XFHQH UHSRVLWRU\ DV

VWDWHG LQ WKH RIILFLDO (ODVWLF6HDUFK GRFXPHQWDWLRQ �6WRS WRNHQ ILOWHU� (ODVWLFVHDUFK *XLGH >����@�� ,Q RUGHU

WR JXDUDQWHH DOO WKH VWRS ZRUGV DUH LJQRUHG� ZH XVHG WKH µLJQRUH FDVHµRSWLRQ �WKLV LJQRUHV VWRS ZRUGV

UHJDUGOHVV RI WKHLU OHWWHUV· FDVLQJ�� $IWHU EHLQJ FUHDWHG� WKH GRFXPHQWV ZHUH UHLQGH[HG WR WKH QHZO\ FUHDWHG

LQGH[HV� DV VHHQ RQ /LVWLQJ ����

/LVWLQJ ���� (ODVWLF6HDUFK 3RUWXJXHVH ,QGH[ (QKDQFHPHQW

Ȭ �×É¬ ʐl K?RW ʙ¬¸�v¬�¸ÍÓɇȴȭȫȫɗɘÉ��²��èɑÆÉ�ÓÓéʙ ʐ% ɕ
¸²Ó�²ÓʐWéÆ�ɇ�vÆÆ¬��vÓ�¸²ɗ©Í¸²ɕ ʐ�ɕ

ȭ ɭ

Ȯ ��ʙÍ¸×É��ʙɇ�ɭ

ȯ ����ʙ�²��èʙɇ�ʙ�¸â��ɘ�²ɘâȭʙ

Ȱ ��ɮɈ

ȱ ��ʙ��ÍÓʙɇ�ɭ

Ȳ ����ʙ�²��èʙɇ�ʙ�¸â��ɘ�²ɘâȮʙ

ȳ ��ɮ

ȴ ɮ

Ȭȫ ɕ

ȬȬ

Ȭȭ �×É¬ ʐl K?RW ʙ¬¸�v¬�¸ÍÓɇȴȭȫȫɗɘÉ��²��èɑÆÉ�ÓÓéʙ ʐ% ɕ
¸²Ó�²ÓʐWéÆ�ɇ�vÆÆ¬��vÓ�¸²ɗ©Í¸²ɕ ʐ�ɕ

ȬȮ ɭ

Ȭȯ ��ʙÍ¸×É��ʙɇ�ɭ

ȬȰ ����ʙ�²��èʙɇ�ʙ�¸â��ɘÆÓɘâȭʙ

Ȭȱ ��ɮɈ

ȬȲ ��ʙ��ÍÓʙɇ�ɭ

Ȭȳ ����ʙ�²��èʙɇ�ʙ�¸â��ɘÆÓɘâȮʙ

Ȭȴ ��ɮ

ȭȫ ɮ

ȭȬ ɕ

+DYLQJ WKH QHZ LQGH[HV FUHDWHG DQG WKH GRFXPHQWV UHLQGH[HG WR WKHVH� ZH FRXOG H[WUDFW DQG DQDO\]H

WKH UHVXOWV REWDLQHG ZLWK WKLV UHIDFWRULQJ�

$V VHHQ RQ 7DEOH ���� WKH H[HFXWLRQ WLPHV ZHUH JUHDWO\ UHGXFHG� DQG HYHQ PRUH FRQVLGHULQJ WKLV ZDV

WKH VROH H[HFXWLRQ RI WKH %(57 PRGHO� +RZHYHU� WKH DQVZHUV WKHPVHOYHV UHPDLQ SRRUO\ H[WUDFWHG� 2QO\ WZR

RI WKHP ZHUH DFWXDOO\ FRUUHFW �ZLWK RQH EHLQJ WRR YDJXH�� ZKLOH WKH RWKHU ZHUH H[WUDFWHG IURP TXHVWLRQV

RU SURYLGHG D ZURQJ DQVZHU IRU WKH TXHVWLRQ �ZH JRW WKUHH TXHVWLRQV ZLWK WKH DQVZHU µFRURQDYLUXVµRU

µFRURQDYLUXV GLVHDVHµ�� 7KH VFRUHV REWDLQHG ZHUH DOVR VLJQLILFDQWO\ ORZ �ZLWK PRUH WKDQ ��� EHLQJ EHORZ

WKH ��� PDUN� 7KH IDFW WKDW WKLV LV IDVWHU GRHV QRW FRPSHQVDWH IRU WKH ZURQJO\ JHQHUDWHG DQVZHUV�

��
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4XHVWLRQ ,' $QVZHU $QVZHU 6FRUH ([HFXWLRQ 7LPH �V� (6 6FRUH
(14� µWKURXJK IDHFHV"µ ������� ��������� ���������
(14� µFRURQDYLUXVµ ������� �������� ���������
(14� µ&RURQDYLUXV GLVHDVHµ ������� ��������� �������
(14� µ&RURQDYLUXV GLVHDVHµ ������� ��������� ���������
(14� µ5HDG +RZ WR 3URWHFW <RXUVHOI WR OHDUQ PRUH�µ ������� ���������� ���������
(14� µIDEULF PDVN�µ ������� ��������� ���������
(14� µHYHQ ZKHQ WKH HPSOR\HH RU D IDPLO\ PHPEHU DUH H[KLELWLQJ V\PSWRPV FRPSDWLEOHµ ������� ��������� ���������
(14� µ&$1127 SUHYHQWµ ������� ��������� ���������
(14� µ7UDQVPLVVLRQ FRXOG RFFXU WKURXJK GLUHFW FRQWDFW ZLWK DQ LQIHFWHG LQGLYLGXDO�µ ������� �������� ���������
(14�� µKRZ ORQJµ ������� ��������� ���������

7DEOH ���� :LWK &UDZOLQJ 5HVWULFWLRQV DQG (ODVWLF6HDUFK ,QGH[HV (QKDQFHPHQW � $SSOLFDWLRQ 5HVXOWV RQ
(QJOLVK 4$ 6HW

4XHVWLRQ ,' $QVZHU $QVZHU 6FRUH ([HFXWLRQ 7LPH �V� (6 6FRUH
374� µVDXGH�SW�"S �������µ ������� �������� �������
374� µ$SRLRV (OHWULFLGDGHµ ������� �������� ���������
374� µSDQGHPLD GD GRHQoD &29,' ����µ ������� ��������� ���������
374� µDWUDYpV GH DOLPHQWRV�µ ������� ���������� ���������
374� µDo}HV SUHYHQWLYDV KDELWXDLVµ ������� ���������� ���������
374� µFRODERUDGRUHVµ ������� ���������� ���������
374� µRV GRLV YtUXV VmR PXLWR GLIHUHQWHVµ ������� ���������� ���������
374� µDQWLELyWLFRV QmR VmR HIHWLYRVµ ������� ���������� ���������
374� µJRWtFXODV UHVSLUDWyULDV�µ ������� ���������� �������
374�� µKRUDV RX DWp GLDV�µ ������� ���������� ���������

7DEOH ���� :LWK &UDZOLQJ 5HVWULFWLRQV DQG (ODVWLF6HDUFK ,QGH[HV (QKDQFHPHQW � $SSOLFDWLRQ 5HVXOWV RQ
3RUWXJXHVH 4$ 6HW

:KHQ LW FRPHV WR WKH 3RUWXJXHVH UHVXOWV� REVHUYHG RQ 7DEOH ���� WKH\ ZHUH HYHQ ZRUVH WKDQ WKH

SUHYLRXVO\ REWDLQHG DQVZHUV� ZH JRW D SDUW RI DQ 85/ QRZ �374�� DQG GHVSLWH WKH KLJK VFRUH 374�

DQG 374� DUH ZURQJ� $JDLQ� 374� ZDV DJDLQ H[WUDFWHG IURP WKH TXHVWLRQ RQ WKH )$4 SDJH� 374� LV

QRZKHUH QHDU WKH UHTXHVWHG DQVZHU� ZLWK LWV PHDQLQJ EHLQJ IDU DZD\ IURP WKH TXHVWLRQ� 2Q WKH RWKHU

KDQG� DQ LPSURYHPHQW RQ WKH H[HFXWLRQ WLPHV ZDV QRWHG� GHVSLWH DQ RXWOLHU ZLWK PRUH WKDQ ��� VHFRQGV

RI H[HFXWLRQ �374��� WKDW WUDQVODWHG WR D ZURQJ DQVZHU DW WKH VDPH WLPH�

��� 2XWFRPH $QDO\VLV

&RPSDULQJ WKH UHVXOWV REWDLQHG ZLWK WKH WKUHH GHVFULEHG LWHUDWLRQV �1R 7XQLQJ� :LWK &UDZOLQJ 5HVWULFWLRQV

DQG :LWK &UDZOLQJ 5HVWULFWLRQV DQG (ODVWLF6HDUFK ,QGH[HV (QKDQFHPHQW�� ZH FDQ FRQFOXGH WKDW�

� IRU WKH (QJOLVK 4$ 6HW� WKH DQVZHUV REWDLQHG ZHUH YHU\ GLVWLQFW EHWZHHQ WKH ILUVW DQG WKH RWKHU WZR

LWHUDWLRQV� 7KLV LV GXH WR WKH IDFW WKDW WKH ZHE SDJHV WKDW VHUYHG DV LQSXW ZHUH UHGXFHG WR RQO\ WKH

UHOLDEOH VRXUFHV� +RZHYHU� WKH DQVZHUV ZHUH EHWWHU H[WUDFWHG LQ WKH ILUVW LWHUDWLRQ� SURYLGLQJ PRUH

PHDQLQJIXO UHVSRQVHV WR WKH TXHVWLRQV SUHVHQWHG� 2Q WKH RWKHU� WKRVH FRXOG EH PLVOHDGLQJ VLQFH

WKH\ ZHUH UHWULHYHG IURP GXELRXV ZHEVLWHV� QRW FRQVLGHUHG WUXVWZRUWK\ RU KDYLQJ SROLWLFDO LQWHUHVW

FRQIOLFWV� 5HJDUGLQJ WKH VHFRQG LWHUDWLRQ� RQO\ IRXU DQVZHUV FRXOG EH XVHG WR UHVSRQG WR WKH TXHU\

LQ D FRUUHFW RU LQFRPSOHWH ZD\� $V IRU WKH WKLUG LWHUDWLRQ� RQO\ WZR FRXOG EH XVHG�

��
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:KHQ LW FRPHV WR WKH %(57 VFRUHV RXWSXWWHG� WKH\ ZHUH VLJQLILFDQWO\ KLJKHU WKDQ WKH RQHV REWDLQHG

LQ WKH VHFRQG DQG WKLUG LWHUDWLRQV� 1RQHWKHOHVV� WKLV LV PHUHO\ D VFRUH RQ KRZ %(57 FRXOG UHWULHYH

WKH DQVZHU IURP WKH FRQWH[W� $ FRUUHFW DQVZHU FRXOG KDYH D ORZHU VFRUH LI %(57 GLG QRW FRQVLGHU LW

µHDV\µRU GLUHFW WR UHWULHYH DFFRUGLQJ WR LWV WUDLQLQJ DQG ILQH�WXQLQJ� 7KH H[HFXWLRQ WLPHV ZHUH DOVR

JUHDWO\ UHGXFHG� PRYLQJ IURP WKH PLQLPXP RI �� VHFRQGV LQ WKH ILUVW LWHUDWLRQ WR FLUFD � VHFRQGV

LQ WKH VHFRQG DQG WKLUG LWHUDWLRQV��

� IRU WKH 3RUWXJXHVH 4$ 6HW� WKH RXWFRPHV DUH VLPLODU WR WKH RQHV REWDLQHG IRU WKH (QJOLVK 4$ 6HW�

ZLWK WKH DQVZHUV JRWWHQ LQ WKH ILUVW LWHUDWLRQ GLYHUJLQJ ODUJHO\ IURP WKH WZR ODWWHU RQHV� 7KH ILUVW

LWHUDWLRQ SURGXFHG WKH EHVW UHVXOWV� EXW ZLWK WKH GUDZEDFN RI KDYLQJ QRW VR WUXVWZRUWK\ VRXUFHV�

$OVR� RQO\ � DQVZHUV ZHUH FRUUHFW RU LQFRPSOHWH� WKH RWKHUV KDYLQJ D FRQWH[W IDU DZD\ IURP WKH

UHTXLUHG DQVZHU� 7KH IDFW WKDW VRPH DQVZHUV ZHUH H[WUDFWHG IURP )$4 TXHVWLRQV OHG WR D QXPEHU RI

LQFRUUHFW DQG PLVOHDGLQJ UHVSRQVHV� 7KH UHVXOWV ZRUVHQ RQ WKH VHFRQG DQG WKLUG LWHUDWLRQV� KDYLQJ

LQ WKH ODVW RQH SDUW RI DQ 85/ DV WKH DQVZHU� 7KH QXPEHU RI FRUUHFW DQVZHUV GHFOLQHG IURP � WR

WZR LQ WKH VHFRQG DQG WKLUG LWHUDWLRQV�

5HJDUGLQJ WKH %(57 VFRUHV� WKH\ ZHQW GRZQKLOO EHWZHHQ LWHUDWLRQV� PLUURULQJ WKH GLIILFXOW\ RI WKH

PRGHO LQ H[WUDFWLQJ WKH FRUUHFW DQVZHU �LQ WKH WKLUG LWHUDWLRQ� ZH JRW D %(57 VFRUH RI FLUFD ��������

IRU WKH PRVW UHOHYDQW UHWULHYHG ZHE SDJH� ZKLFK GLG QRW FRQWDLQ WKH DQVZHU LQ LW�� +RZHYHU� QRW

HYHU\WKLQJ LV EDG� 7KH H[HFXWLRQ WLPHV UHGXFHG VLJQLILFDQWO\ �IURP WKH PLQLPXP �� VHFRQGV RQ WKH

ILUVW LWHUDWLRQ WR QHDUO\ �� VHFRQGV LQ WKH VHFRQG DQG FLUFD � LQ WKH WKLUG�� EXW LW GRHV QRW FRPSHQVDWH

IRU WKH IDFW WKDW WKH DQVZHUV ZHUH QRW FRUUHFW�

:KHQ LW FRPHV WR WKH (ODVWLF6HDUFK VFRUHV� QR UHOHYDQW GLIIHUHQFH FRXOG EH REVHUYHG EHWZHHQ WKH ODVW

WZR LWHUDWLRQV �WKH ILUVW RQH LV QRW FRPSDUDEOH JLYHQ WKH IDFW WKDW WKH GRFXPHQWV LQGH[HG ZHUH GLIIHUHQW

FROOHFWLRQV ZLWK VLJQLILFDQW GLIIHUHQFHV LQ YROXPH��

,Q FRQFOXVLRQ� ZLWKRXW D EHWWHU WUHDWPHQW RI WKH ZHE SDJHV� WKH %(57 PRGHO FDQQRW VXFFHVVIXOO\ H[WUDFW

RU JHQHUDWH WKH FRUUHFW DQVZHU� $OVR� WKH IDFW WKDW UXQQLQJ WKH PRGHO UHTXLUHV D ZLQGRZLQJ DSSURDFK UDWKHU

WKDQ SURFHVVLQJ WKH ZKROH FRQWH[W EULQJV OLPLWDWLRQV OLNH WKH EUHDNDJH RI FRQWH[W DQG WKH XSSHU H[HFXWLRQ

WLPHV QHHGHG� 7R LPSURYH WKH UHVXOWV� ZH FRXOG DOVR XVH DQRWKHU� PRUH HYROYHG� WUDQVIRUPHU PRGHO� RU

HYHQ %(57 ZLWK D EHWWHU ILQH�WXQLQJ� ZLWK PRUH UHVRXUFHV DQG PRUH HSRFKV IRU LQVWDQFH�

��
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,Q WKLV ILQDO FKDSWHU� WKH ZRUN LV FRQFOXGHG� PDNLQJ DQ RYHUYLHZ RI ZKDW ZDV GRQH DQG DFFRPSOLVKHG DQG

GHVFULELQJ WKH IXWXUH ZRUN WKDW FRXOG EH GRQH WR LPSURYH LW DQG REWDLQ EHWWHU UHVXOWV�

��� &RQFOXVLRQ

&KDWERWV FDQ PDNH D KXJH GLIIHUHQFH LQ WKH PRGHUQ ZRUOG� 7KH\ FDQ IDFLOLWDWH FRPPXQLFDWLRQ EHWZHHQ

SHRSOH DQG VHUYLFHV� KHOSLQJ WKHP DQVZHU DOO RI WKHLU GRXEWV RU TXHVWLRQV� DQG HYHQ DOORZLQJ WKHP WR WDNH

VHYHUDO DFWLRQV IRU WKHP� H�J� ERRNLQJ D IOLJKW� +RZHYHU� WKHVH FKDWERWV QHHG WR EH ZHOO WUDLQHG DQG ILQH

WXQHG WR HDFK H[SHFWHG WDVN� 7KLV GLVVHUWDWLRQ IRFXVHG RQ FKDWERWV WKDW FRXOG OLJKWHQ WKH ZHLJKW SXW RQ

+HDOWK 6HUYLFHV LQ WKH VLWXDWLRQ RI D QHZ GLVHDVH RU KHDOWK FRQFHUQ WKDW FRXOG FUHDWH D ORW RI GRXEWV� HYHQ

PRUH LQ D WLPH ZKHUH VRFLDO PHGLD LV XVHG D PHDQ WR VSUHDG IDNH QHZV DQG IDOVH LQIRUPDWLRQ� OHDGLQJ

SHRSOH WR FRPPLW DFWLRQ WKDW FDQ SXW WKHLUV OLYHV DW ULVN� 7KH FRQWH[W XVHG LQ WKLV ZRUN ZDV WKH &29,'���

SDQGHPLF� JLYHQ LWV FRQWHPSRUDQHLW\�

7KLV GLVVHUWDWLRQ GHVFULEHG KRZ DQ LQWHOOLJHQW FKDWERW FRXOG EH EXLOW XVLQJ VROHO\ WKH LQIRUPDWLRQ DYDLO�

DEOH RQ WUXVWZRUWK\ VRXUFHV RI LQIRUPDWLRQ� ,Q WKH FRQWH[W RI KHDOWK VHUYLFHV� WKHVH VRXUFHV ZHUH WKH JRY�

HUQPHQWDO DQG RUJDQL]DWLRQDO ZHEVLWHV� OLNH WKH +HDOWK GHSDUWPHQWV RI D FRXQWU\ RU RI WKH 8QLWHG 1DWLRQV

RU :RUOG +HDOWK 2UJDQL]DWLRQ� IRU H[DPSOH�

$IWHU DQDO\]LQJ WKH DSSOLFDWLRQ WKDW ZDV DLPHG WR EH GHYHORSHG� LW ZDV HVWDEOLVKHG WKDW VXFK QHHGHG WR

EH FRPSRVHG E\ WKUHH PDLQ FRPSRQHQWV� WKH ZHE FUDZOHU �UHVSRQVLEOH IRU GRZQORDGLQJ WKH UHOHYDQW SDJHV

IURP WKH UHOLDEOH VRXUFHV�� WKH WH[W SURFHVVRU �ZKLFK ZRXOG SDUVH WKH GRZQORDGHG SDJHV DQG VWRUH RQO\ WKH

WH[WXDO LQIRUPDWLRQ� GLVFDUGLQJ DQ\ PHWDGDWD� DQG WKH FKDWERW LWVHOI �FRQVLVWLQJ LQ D 0DFKLQH 0RGHO WKDW

FRXOG H[WUDFW WKH DQVZHU IURP WKH VWRUHV SDJHV DQG D 8, WKDW DOORZHG XVHUV WR LQWHUDFW ZLWK WKH DSSOLFDWLRQ��

7R XQGHUVWDQG ZKDW WHFKQRORJLHV DQG DSSURDFKHV VKRXOG EH IROORZHG� D V\VWHPDWLF OLWHUDWXUH UHYLHZ

ZDV FRQGXFWHG� :LWK WKLV SURFHGXUH� DQ H[WHQVLYH VWDWH RI WKH DUW FROOHFWLRQ ZDV SURGXFHG� +RZHYHU� QRQH

��
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RI WKH VWXGLHV DQDO\]HG SURYLGHG D VROXWLRQ WR WKH SUREOHP WKDW WKLV ZRUN ZDQWHG WR VROYH� WKH FUHDWLRQ RI

D FKDWERW WKDW FRXOG DQVZHU TXHVWLRQV EDVHG RQ UDZ GDWD H[WUDFWHG IURP ZHE SDJHV� 2Q WKH RWKHU KDQG�

IURP VRPH VWXGLHV� D VROXWLRQ FRXOG EH RUFKHVWUDWHG� E\ SLFNLQJ XS WKH GHYHORSPHQWV PDGH DQG SXWWLQJ

WKHP WRJHWKHU LQ D VLQJOH VROXWLRQ�

+RZHYHU� WKH DIRUHPHQWLRQHG LQYHVWLJDWLRQ KDG VRPH OLPLWDWLRQV� :LWKRXW KDYLQJ D FOHDU DQG SUHFLVH

VHDUFK TXHU\� ZKHQ WKHUH LV QRW D GHHS XQGHUVWDQGLQJ RI WKH WKHPDWLFV EHLQJ UHVHDUFKHG� D VLJQLILFDQW

QXPEHU RI VWXGLHV ZDV IRXQG� 0DQ\ RI WKHVH VWXGLHV ZHUH GHHPHG LUUHOHYDQW DIWHU D GHHS DQDO\VLV� PDNLQJ

LW GLIILFXOW WR UHWDLQ WKH IRFXV� $OVR� ZLWK WKH 4XDOLW\ $VVHVVPHQW SROLFLHV� VRPH LQWHUHVWLQJ VWXGLHV FRXOG

EH LJQRUHG DQG GLVFDUGHG�

7KH VROXWLRQ WKDW ZDV GHYHORSHG LQ WKLV ZRUN FRQVLVWHG LQ� ILUVWO\� UXQQLQJ D ZHE FUDZOHU �WKH DSSOL�

FDWLRQ XVHG ZDV WKH $&+( FUDZOHU� WKDW GRZQORDGHG RQO\ WKH UHOHYDQW SDJHV FRQFHUQLQJ &29,'��� �WKLV

ZDV GRQH XVLQJ D 85/�EDVHG ILOWHU ZLWK UHJXODU H[SUHVVLRQV�� 7KHQ� D WH[W SURFHVVRU DSSOLFDWLRQ PDQDJHV

WKH GRZQORDGHG SDJHV� E\ JXDUDQWHHLQJ WKH\ ZHUH QRW SURFHVVHG PXOWLSOH WLPHV� H[WUDFWLQJ WKH PHWDGDWD

H[LVWHQW LQ WKH +70/ SDJHV DQG VWRULQJ RQO\ WKH WH[WXDO LQIRUPDWLRQ� 7KLV LQIRUPDWLRQ LV VWRUHG LQ (ODV�

WLF6HDUFK� D VHDUFK HQJLQH DSSOLFDWLRQ WKDW ZRXOG DOORZ WKH FKDWERW WR UHWULHYH WKH PRVW UHOHYDQW SDJHV

�DOUHDG\ SURFHVVHG DQG FOHDQVHG� WR D JLYHQ TXHVWLRQ� $W ODVW� WKH FKDWERW PDLQO\ FRQVLVWHG RI D ILQH�WXQHG

%(57 PRGHO ZLWK WKH 64X$' GDWDVHW �ZLWK PRUH WKDQ ������ TXHVWLRQ�DQVZHU SDLUV�� ZKLFK ZDV RQH RI

WKH PRVW FLWHG PRGHOV XVHG WR H[WUDFW DQVZHUV IURP FRQWH[W SDUDJUDSKV� 7KH %(57 PRGHO ZDV WUDLQHG

WZR WLPHV� RQH ZLWK WKH RULJLQDO YHUVLRQ RI 64X$' GDWDVHW DQG DQRWKHU ZLWK D WUDQVODWHG YHUVLRQ RI LW WR

3RUWXJXHVH� 7KHQ� D 8, EXLOW ZLWK WKH 5HDFW IUDPHZRUN ZDV GHYHORSHG WR DOORZ WKH LQWHUDFWLRQ EHWZHHQ WKH

XVHUV DQG WKH EDFNHQG 5(67 $3, EXLOW ZLWK )DVW$3, WKDW PDGH WKH FRQQHFWLRQ WR WKH WUDLQHG %(57 PRGHOV�

7KH FKRVHQ FUDZOHU DSSOLFDWLRQ� $&+(� SURYHG WR EH H[DFWO\ WKH WRRO ZH ZHUH ORRNLQJ IRU� ,W LV H[WUHPHO\

FRQILJXUDEOH� DOORZLQJ XV WR GHILQH WKH ZDQWHG PHWKRGRORJ\ IRU ZHE SDJH ILOWHULQJ DQG WKH UH�FUDZOLQJ WLPH

LQWHUYDOV� $OVR� WKHUH LV WKH RSWLRQ RI GRZQORDGLQJ RQO\ SDJHV IURP WKH GRPDLQV GHILQHG LQ WKH 85/ VWDUW

VHW� 7KLV FRQILJXUDWLRQ JXDUDQWHHV WKDW RQO\ UHOLDEOH LQIRUPDWLRQ LV GRZQORDGHG�

7R SURFHVV WKH GRZQORDGHG ZHE SDJHV� D 3\WKRQ DSSOLFDWLRQ ZDV GHYHORSHG XVLQJ WKH ¶KWPO�WH[W¶

OLEUDU\� %HIRUH H[WUDFWLQJ WKH +70/ PHWDGDWD� WKH SDJHV KDG WR EH GHFRGHG IURP %DVH��� ZKLFK ZDV WKH

HQFRGLQJ GHILQHG E\ WKH ZHE FUDZOHU� +DYLQJ WKH WH[WXDO LQIRUPDWLRQ H[WUDFWHG IURP WKH +70/ GRFXPHQWV�

WKH WH[W SURFHVVRU PRGXOH LGHQWLILHV LWV ODQJXDJH VZLIWO\ XVLQJ WKH ¶ODQJGHWHFW¶ OLEUDU\ DQG WKHQ VHWV WKH

FRUUHFW LQGH[ IRU WKDW SDJH�

7KH EULGJH EHWZHHQ WKH SURFHVVHG GDWD DQG WKH FKDWERW GHYHORSHG XVLQJ (ODVWLF6HDUFK ZDV H[WUHPHO\

SHUIRUPDQW� WDNLQJ OHVV WKDQ D VHFRQG WR ILQG WKH PRVW UHOHYDQW SDJHV IRU D JLYHQ TXHU\� (ODVWLF6HDUFK

DOORZV WKH FUHDWLRQ RI VHYHUDO LQGH[HV� ZLWK D FXVWRPL]DEOH WRNHQL]HU DQG LQGH[LQJ PHWKRG� ,Q WKLV ZRUN ZH

XVHG PRVWO\ WKH GHIDXOW FRQILJXUDWLRQV LQ WKH ILUVW GHYHORSPHQW SKDVH� ZKLFK KDG WR EH ODWHU UHYLHZHG DQG

UHFRQILJXUHG� )RU HDFK LQGH[� WKH LQGH[LQJ GDWH DQG WKH 85/ RI WKH ZHE SDJH ZHUH VWRUHG� DV ZHOO DV WKH

SURFHVVHG WH[W�

7KH SURFHVV RI ILQH�WXQLQJ %(57 ZDV WKH ILUVW PDMRU EORFN WKDW ZDV IDFHG LQ WKLV ZRUN� 7KH PDLQ IDFW WKDW

OHG WR WKLV LVVXH ZDV WKH ODFN RI KDUGZDUH UHTXLUHG WR VZLIWO\ WUDLQ WKH PRGHO� 6LQFH WKLV ZRUN UHTXLUHG WKH

��
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FKDWERW WR ZRUN ZLWK ERWK (QJOLVK DQG 3RUWXJXHVH� WKH SUH�WUDLQHG PXOWLOLQJXDO %(57 PRGHO ZDV FKRVHQ�

DV LW KDG DOUHDG\ EHHQ SUH�WUDLQHG LQ PXOWLSOH ODQJXDJHV ZLWK :LNLSHGLD GDWD� DOORZLQJ WKH DGGLWLRQ RI RWKHU

ODQJXDJH VXSSRUW LI UHTXLUHG� +RZHYHU� WKLV PRGHO KDV D VLJQLILFDQW GLPHQVLRQ FRPSDUHG WR WKH RWKHU

YHUVLRQV RI %(57� ZKLFK OHG WR KXJH DPRXQWV RI ILQH�WXQLQJ� $V WKHUH ZDV QR SK\VLFDO KDUGZDUH DYDLODEOH

WR WUDLQ WKH PRGHOV� WKLV KDG WR EH GRQH LQ D YLUWXDO PDFKLQH LQ *RRJOH &ORXG� ZKLFK GLG QRW SRVVHVV *38�

6R� WKH SURFHVVLQJ ZDV HQWLUHO\ GRQH ZLWK WKH &38� 7KLV WUDQVODWHG LQWR � GD\V RI ILQH�WXQLQJ IRU WKH (QJOLVK

PRGHO DQG � GD\V IRU WKH 3RUWXJXHVH PRGHO� HDFK ZLWK � HSRFKV RQO\�

7KH VHFRQG LVVXH WKDW GHOD\HG WKH GHYHORSPHQW RI WKH DSSOLFDWLRQ ZDV WKH ODFN RI D FRUUHFWO\ WUDQVODWHG

YHUVLRQ WR 3RUWXJXHVH RI WKH 64X$' ��� GDWDVHW� $V D VROXWLRQ� D WUDQVODWLRQ RI WKH GDWDVHW·V YHUVLRQ ���

ZDV XVHG� EXW LW ZDV QRW DV FRPSOHWH DV WKH ODWHVW YHUVLRQ� OHDGLQJ WR D ORVV RI SHUIRUPDQFH DQG DFFXUDF\

RI WKH WUDLQHG FKDWERW�

/DWHO\� DQRWKHU LVVXH KDV VXUJHG� %(57 ZDV QRW DEOH WR SURFHVV WKH GRZQORDGHG SDJHV DV PRVW RI

WKHP H[FHHGHG WKH WRNHQ OLPLW GHILQHG E\ WKH PRGHO� 7KXV� D ZLQGRZLQJ DSSURDFK KDG WR EH GHYHORSHG WR

DOORZ WKH LQGH[HG GRFXPHQWV EHLQJ SURFHVVHG E\ %(57� +RZHYHU� WKLV FUHDWHG D YHU\ VLJQLILFDQW RYHUKHDG

LQ LWV SURFHVVLQJ� LQFUHDVLQJ WKH UHVSRQVH WLPH DQG KDUPLQJ WKH DSSOLFDWLRQ·V XVDELOLW\�

$OWKRXJK WKH DSSOLFDWLRQ EXLOW VHUYHG WKH SXUSRVH RI KDYLQJ D UXQQLQJ FKDWERW WKDW ZDV IHG E\ UHOL�

DEOH LQIRUPDWLRQ GRZQORDGHG IURP ZHE SDJHV� WKH DQVZHUV WKDW ZHUH REWDLQHG IURP WKH FKDWERW ZHUH IDU

IURP VDWLVIDFWRU\� 6RPH LPSURYHPHQWV ZHUH GHYHORSHG LQ RUGHU WR REWDLQ EHWWHU UHVXOWV� OLNH UHVWULFWLQJ WKH

GRZQORDGHG SDJHV WR RQO\ WKH GRPDLQV GHFODUHG DV WUXVWZRUWK\ DQG LPSURYLQJ WKH LQGH[LQJ DQG VHDUFKLQJ

DOJRULWKP RI (ODVWLF6HDUFK E\ UHPRYLQJ VWRS ZRUGV DQG FKDQJLQJ WKH WRNHQL]HU W\SH� EXW VWLOO WKH UHVXOWV

ZHUH IDU IURP WKH H[SHFWHG�

,Q FRQFOXVLRQ� DQ DSSOLFDWLRQ WKDW SURYLGHV DQVZHUV WR TXHVWLRQV XVLQJ LQIRUPDWLRQ H[WUDFWHG IURP

UHOLDEOH VRXUFHV ZDV VXFFHVVIXOO\ EXLOW� 2Q WKH RWKHU KDQG� WKHVH DQVZHUV ZHUH HLWKHU LQFRPSOHWH RU ZURQJ

PRVW RI WKH WLPH� PLVOHDGLQJ WKH XVHUV� ZKLFK ZDV WKH RSSRVLWH SXUSRVH RI WKLV ZRUN� 7R RYHUFRPH WKLV

VLWXDWLRQ� PRUH GHYHORSPHQWV KDG WR EH PDGH� EXW WKHVH DUH QRW LPSOHPHQWHG LQ WKLV ZRUN� +DYLQJ PDGH

WKRVH LPSURYHPHQWV� WKH FKDWERW WRRO GHVFULEHG DQG GHYHORSHG LQ WKLV GLVVHUWDWLRQ FRXOG EH VHDPOHVVO\

XVHG WR UHGXFH WKH TXHVWLRQ�DQVZHULQJ FRQJHVWLRQ RQ +HDOWK 6HUYLFHV�

��� )XWXUH :RUN

,Q RUGHU WR LPSURYH WKH RXWFRPHV REWDLQHG ZLWK WKH GHYHORSHG FKDWERW� WKHUH LV D VHW RI FKDQJHV WKDW FRXOG

EH GHYHORSHG� HDFK DLPHG WR IL[ D JLYHQ LVVXH� 7KHVH DUH GLVFXVVHG LQ WKLV VHFWLRQ�

:KHQ WHVWLQJ WKH DSSOLFDWLRQ� RQH RI WKH PDMRU GUDZEDFNV ZDV WKH VLJQLILFDQW DPRXQW RI WLPH LW WRRN

WR DQVZHU D TXHVWLRQ� 7KLV LV GXH WR WKH ZLQGRZLQJ DSSURDFK GHYHORSHG WR DOORZ %(57 SURFHVVLQJ WKH

ZHE SDJHV DV LWV FRQWH[W SDUDJUDSK� 7R DYRLG WKLV DSSURDFK� DQRWKHU� PRUH SHUIRUPDQW� WUDQVIRUPHU PRGHO

FRXOG EH XVHG� 7KHUH DUH DOUHDG\ WUDQVIRUPHU PRGHOV WKDW DOORZ ELJJHU WH[W LQSXWV DV FRQWH[W SDUDJUDSKV�

VXFK DV /RQJIRUPHU �%HOWDJ\ HW DO�� ����� RU &RJ/7; �'LQJ HW DO�� ������ +RZHYHU� WKHVH ZRXOG SUREDEO\

��
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UHTXLUH SUH�WUDLQLQJ RQ PXOWL�OLQJXDO WH[WXDO VRXUFHV� VXFK DV WKH XVHG %(57 PRGHO ZKLFK ZDV SUH�WUDLQHG

ZLWK :LNLSHGLD GDWD IURP PXOWLSOH ODQJXDJHV�

,I WKH SURFHVVLQJ WLPH ZDV QRW DQ LVVXH DQG WKH IRFXV ZDV UDWKHU RQ JHWWLQJ FRUUHFW DQVZHUV� WZR

LPSOHPHQWDWLRQV FRXOG EH FRQGXFWHG WR LQFUHDVH WKH PRGHO·V SHUIRUPDQFH� )LUVW� WKH %(57 PRGHO FRXOG

EH EHWWHU ILQH�WXQHG� ZLWK PRUH HSRFKV IRU ERWK ODQJXDJHV DQG ZLWK D WUDQVODWHG YHUVLRQ RI 64X$' ��� IRU

WKH 3RUWXJXHVH PRGHO� $OVR� D FRPELQDWLRQ RI RWKHU %(57�GHULYDWLYH PRGHOV ZLWK EHWWHU DFFXUDF\ FRXOG EH

XVHG� VXFK DV GHVFULEHG LQ 64X$'·V KRPHSDJH OHDGHUERDUG �64X$' �����

'LVUHJDUGLQJ D PRGHO FKDQJH� WKH XVHG %(57 PRGHOV FRXOG VWLOO EH DQ RSWLRQ� +RZHYHU� VLQFH LW LV

QRW EHLQJ DEOH WR H[WUDFW WKH DQVZHU FRUUHFWO\ GXH WR LW EHLQJ FRQIXVHG E\ )$4 SDJHV IRU H[DPSOH� ZKHUH

WKH PRGHO LV H[WUDFWLQJ WKH DQVZHU IURP WKH TXHVWLRQ LWVHOI� VRPH UHILQHPHQWV FRXOG EH GRQH RQ WKH WH[W

SURFHVVRU FRPSRQHQW RI WKH DSSOLFDWLRQ� 7KH TXHVWLRQV IURP )$4 SDJHV FRXOG EH UHPRYHG� WKXV HOLPLQDWLQJ

WKH FDVHV ZKHUH WKH FKDWERW LV H[WUDFWLQJ WKH DQVZHU IURP WKH TXHVWLRQ� $QRWKHU PRGLILFDWLRQ WKDW FRXOG EH

LQWURGXFHG ZDV WH[W VXPPDUL]DWLRQ� 7KLV SURFHGXUH ZRXOG ERWK UHGXFH WKH SURFHVVLQJ WLPHV RI WKH %(57

PRGHO �LI WKH VXPPDUL]HG WH[WV GLG QRW H[FHHG %(57·V WRNHQ OLPLWV� EXW DOVR UHPRYH H[WUD LQIRUPDWLRQ WKDW

PD\ EH µFRQIXVLQJµWKH FKDWERW�

:LWK WKH SURSRVHG LPSOHPHQWDWLRQ UHILQHPHQWV� ZH EHOLHYH WKH FKDWERW SUHVHQWHG LQ WKLV ZRUN FRXOG

LPSURYH VLJQLILFDQWO\ QRW RQO\ WKH H[WUDFWHG DQVZHUV EXW DOVR WKH UHVSRQVH WLPHV RI WKH DSSOLFDWLRQ� HOLPL�

QDWLQJ WKXV WKH GUDZEDFNV DIRUHPHQWLRQHG�

��
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$GDPRSRXORX� (� DQG /� 0RXVVLDGHV ������� ´&KDWERWV� +LVWRU\� WHFKQRORJ\� DQG DSSOLFDWLRQV�µ 0DFKLQH

/HDUQLQJ ZLWK $SSOLFDWLRQV �� S� ������� LVVQ� ����������

$JJDUZDO� .� ������� ´$Q HIILFLHQW IRFXVHG ZHE FUDZOLQJ DSSURDFK�µ 6RIWZDUH (QJLQHHULQJ� 6SULQJHU� SS� ���²

����

$KPDGL�$ENHQDUL� )� DQG $� 6HODPDW ������� ´$Q DUFKLWHFWXUH IRU D IRFXVHG WUHQG SDUDOOHO :HE FUDZOHU ZLWK

WKH DSSOLFDWLRQ RI FOLFNVWUHDP DQDO\VLV�µ ,QIRUPDWLRQ 6FLHQFHV ������� SS� ���²����

$OGHUUDWLD� 1� DQG0� (OVKHK ������� ´8VLQJ :HE 3DJHV '\QDPLFLW\ WR 3ULRULWLVH :HE &UDZOLQJ�µ 3URFHHGLQJV

RI WKH ���� �QG ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DFKLQH /HDUQLQJ DQG 0DFKLQH ,QWHOOLJHQFH� SS� ��²���

$OPXKDUHE� $� ������� ´$UDELF SRHWU\ IRFXVHG FUDZOLQJ XVLQJ 690 DQG NH\ZRUGV�µ ���� �WK 6DXGL ,QWHU�

QDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ 7HFKQRORJ\ �%LJ 'DWD $QDO\VLV��.$&67,7�� ,(((� SS� �²��

$PDOLD� $�� '� *XQDZDQ� $� 1DMZDQ� DQG )� 0HLULQD ������� ´)RFXVHG FUDZOHU IRU WKH DFTXLVLWLRQ RI KHDOWK

DUWLFOHV�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH RQ 'DWD DQG 6RIWZDUH (QJLQHHULQJ �,&R'6(�� ,(((� SS� �²��

$PDUD� 6�� -� 0DFHGR� )� %HQGHOOD� DQG $� 6DQWRV ������� ´*URXS IRUPDWLRQ LQ PRELOH FRPSXWHU VXSSRUWHG

FROODERUDWLYH OHDUQLQJ FRQWH[WV� $ V\VWHPDWLF OLWHUDWXUH UHYLHZ�µ -RXUQDO RI (GXFDWLRQDO 7HFKQRORJ\ 	

6RFLHW\ ������ SS� ���²����

$PULQ� $�� &� ;LD� DQG 6� 'DL �-DQ� ������ ´)RFXVHG :HE &UDZOLQJ $OJRULWKPV�µ -RXUQDO RI &RPSXWHUV ���

SS� ���²����

$QGUHQXFFL� $� DQG (� 6QHLGHUV ������� ´$XWRPDWHG TXHVWLRQ DQVZHULQJ� 5HYLHZ RI WKH PDLQ DSSURDFKHV�µ

7KLUG ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ 7HFKQRORJ\ DQG $SSOLFDWLRQV �,&,7$ä���� 9RO� �� ,(((�

SS� ���²����

$UDVX� $�� -� &KR� +� *DUFLD�0ROLQD� $� 3DHSFNH� DQG 6� 5DJKDYDQ ������� ´6HDUFKLQJ WKH ZHE�µ $&0

7UDQVDFWLRQV RQ ,QWHUQHW 7HFKQRORJ\ �72,7� ����� SS� �²���

%DGDPSXGL� '�� &� :RKOLQ� DQG .� 3HWHUVHQ ������� ´([SHULHQFHV IURP XVLQJ VQRZEDOOLQJ DQG GDWDEDVH

VHDUFKHV LQ V\VWHPDWLF OLWHUDWXUH VWXGLHV�µ 3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ (YDOX�

DWLRQ DQG $VVHVVPHQW LQ 6RIWZDUH (QJLQHHULQJ� SS� �²���

%DGDZL� 0�� $� 0RKDPHG� $� +XVVHLQ� DQG 0� *KHLWK ������� ´0DLQWDLQLQJ WKH VHDUFK HQJLQH IUHVKQHVV

XVLQJ PRELOH DJHQW�µ (J\SWLDQ ,QIRUPDWLFV -RXUQDO ������ SS� ��²���

%DODML� 6 DQG 6 6DUXPDWKL ������� ´723&5$:/� &RPPXQLW\ PLQLQJ LQ ZHE VHDUFK HQJLQHV ZLWK HPSKD�

VL]H RQ WRSLFDO FUDZOLQJ�µ ,QWHUQDWLRQDO &RQIHUHQFH RQ 3DWWHUQ 5HFRJQLWLRQ� ,QIRUPDWLFV DQG 0HGLFDO

(QJLQHHULQJ �35,0(������� ,(((� SS� ��²���
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%DUERVD� $� 3� 0�� -� 0DFHGR� DQG 2� &UDYHLUR ������� ´&KDWERW 'HYHORSPHQW WR $VVLVW 3DWLHQWV ,Q +HDOWK

&DUH 6HUYLFHV�µ 5HODWµULR 7«FQLFR QR 'HSDUWDPHQWR GH ,QIRUP£WLFD GD 8QLYHUVLGDGH GR 0LQKR�

%DYDUHVFR� 5�� '� 6LOYHLUD� (� 5HLV� -� %DUERVD� 5� 5LJKL� &� &RVWD� 5� $QWXQHV� 0� *RPHV� &� *DWWL� 0�

9DQ]LQ� 6� &� -XQLRU� (� 6LOYD� DQG &� 0RUHLUD ������� ´&RQYHUVDWLRQDO DJHQWV LQ EXVLQHVV� $ V\VWHPDWLF

OLWHUDWXUH UHYLHZ DQG IXWXUH UHVHDUFK GLUHFWLRQV�µ &RPSXWHU 6FLHQFH 5HYLHZ ��� S� ������� LVVQ� �����

�����

%D\NDQ� (�� 0� +HQ]LQJHU� /� 0DULDQ� DQG ,� :HEHU ������� ´$ FRPSUHKHQVLYH VWXG\ RI IHDWXUHV DQG DOJR�

ULWKPV IRU 85/�EDVHG WRSLF FODVVLILFDWLRQ�µ $&0 7UDQVDFWLRQV RQ WKH :HE �7:(%� ����� SS� �²���

%HGL� 3�� $� 7KXNUDO� DQG +� %DQDWL ������� ´)RFXVHG FUDZOLQJ RI WDJJHG ZHE UHVRXUFHV XVLQJ RQWRORJ\�µ

&RPSXWHUV 	 (OHFWULFDO (QJLQHHULQJ ������ SS� ���²����

%HGL� 3�� $� 7KXNUDO� +� %DQDWL� $� %HKO� DQG 9� 0HQGLUDWWD ������� ´$ PXOWL�WKUHDGHG VHPDQWLF IRFXVHG

FUDZOHU�µ -RXUQDO RI &RPSXWHU 6FLHQFH DQG 7HFKQRORJ\ ������ SS� ����²�����

%HOWDJ\� ,�� 0� (� 3HWHUV� DQG $� &RKDQ ������� ´/RQJIRUPHU� 7KH ORQJ�GRFXPHQW WUDQVIRUPHU�µ DU;LY

SUHSULQW DU;LY������������

%ROGL� 3�� $� 0DULQR� 0� 6DQWLQL� DQG 6� 9LJQD ������� ´%8EL1*� 0DVVLYH FUDZOLQJ IRU WKH PDVVHV�µ $&0

7UDQVDFWLRQV RQ WKH :HE �7:(%� ������ SS� �²���

%RQDFFRUVL� $� DQG &� 5RVVL ������� ´:K\ RSHQ VRXUFH VRIWZDUH FDQ VXFFHHG�µ 5HVHDUFK SROLF\ ������

SS� ����²�����

%UDQWV� 7�� )� &KHQ� DQG ,� 7VRFKDQWDULGLV ������� ´7RSLF�EDVHG GRFXPHQW VHJPHQWDWLRQ ZLWK SUREDELOLVWLF

ODWHQW VHPDQWLF DQDO\VLV�µ 3URFHHGLQJV RI WKH HOHYHQWK LQWHUQDWLRQDO FRQIHUHQFH RQ ,QIRUPDWLRQ DQG

NQRZOHGJH PDQDJHPHQW� SS� ���²����

%UHQQHQ� -� 6�� )� 6LPRQ� 3� 1� +RZDUG� DQG 5� .� 1LHOVHQ ������� ´7\SHV� VRXUFHV� DQG FODLPV RI &29,'���

PLVLQIRUPDWLRQ�µ 5HXWHUV ,QVWLWXWH �� SS� �²��

%XLOGLQJ D 4$ V\VWHP ZLWK %HUW RQ :LNLSHGLD� XUO� �ÓÓÆÍɇɗɗÈvɐ�vÍÓ�¸ÉãvÉ�¬v�Íɐ�¸±ɗÆéÓ¸É��ɗ�

×���²�̅ȭȫ�v��ɗã�ª�Æ���vɗ��ÉÓɗÓÉv²Í�¸É±�ÉÍɗȭȫȭȫɗȫȰɗȬȴɗ �ÓÓ�²�ɘRÓvÉÓ��ɘã�Ó

�ɘM֑ɐ�Ó±¬ɏ[Í�²�ʐvʐÆÉ�ʐ��²�ʐÓ×²��ʐ±¸��¬ʐ�É¸±ʐÓ��ʐ%×���²�ʐ�v��ʐÉ�Æ¸Í�Ó¸Éé

�YLVLWHG RQ ������������

&DUYHU� 3� (� DQG -� 3KLOOLSV ������� ´1RYHO &RURQDYLUXV �&29,'����� :KDW <RX 1HHG WR .QRZ�µ :RUNSODFH

+HDOWK 	 6DIHW\ ������ SS� ���²����

&KDNUDEDUWL� &� DQG *� )� /XJHU ������� ´$UWLILFLDO FRQYHUVDWLRQV IRU FXVWRPHU VHUYLFH FKDWWHU ERWV� $UFKLWHF�

WXUH� DOJRULWKPV� DQG HYDOXDWLRQ PHWULFV�µ ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV ������� SS� ����²�����

LVVQ� ����������

&KDQGUD� <� :� DQG 6� 6X\DQWR ������� ´,QGRQHVLDQ &KDWERW RI 8QLYHUVLW\ $GPLVVLRQ 8VLQJ D 4XHVWLRQ

$QVZHULQJ 6\VWHP %DVHG RQ 6HTXHQFH�WR�6HTXHQFH 0RGHO�µ 7KH �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ

&RPSXWHU 6FLHQFH DQG &RPSXWDWLRQDO ,QWHOOLJHQFH �,&&6&, ����� � (QDEOLQJ &ROODERUDWLRQ WR (VFD�

ODWH ,PSDFW RI 5HVHDUFK 5HVXOWV IRU 6RFLHW\ ���� SS� ���²���� LVVQ� ����������

��

https://qa.fastforwardlabs.com/pytorch/hugging%20face/wikipedia/bert/transformers/2020/05/19/Getting_Started_with_QA.html#Using-a-pre-fine-tuned-model-from-the-Hugging-Face-repository
https://qa.fastforwardlabs.com/pytorch/hugging%20face/wikipedia/bert/transformers/2020/05/19/Getting_Started_with_QA.html#Using-a-pre-fine-tuned-model-from-the-Hugging-Face-repository
https://qa.fastforwardlabs.com/pytorch/hugging%20face/wikipedia/bert/transformers/2020/05/19/Getting_Started_with_QA.html#Using-a-pre-fine-tuned-model-from-the-Hugging-Face-repository
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&KHQ� '�� )� /L\LQJ� <� -LDQ]KXR� DQG %� 6KL ������� ´6HPDQWLF IRFXVHG FUDZOHU EDVHG RQ 4�OHDUQLQJ DQG

%D\HV FODVVLILHU�µ ���� �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 6FLHQFH DQG ,QIRUPDWLRQ 7HFKQRORJ\�

9RO� �� ,(((� SS� ���²����

&KHQ� +�� ;� /LX� '� <LQ� DQG -� 7DQJ ������� ´$ 6XUYH\ RQ 'LDORJXH 6\VWHPV� 5HFHQW $GYDQFHV DQG 1HZ

)URQWLHUV�µ 6,*.'' ([SORU� 1HZVO� ������ SS� ��²��� LVVQ� ����������

&KRX� 7��/� DQG <��/� +VXHK ������� ´$ 7DVN�RULHQWHG &KDWERW %DVHG RQ /670 DQG 5HLQIRUFHPHQW /HDUQLQJ

� 1/3,5 ����� ���� �5' ,17(51$7,21$/ &21)(5(1&( 21 1$785$/ /$1*8$*( 352&(66,1*

$1' ,1)250$7,21 5(75,(9$/�µ �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ 1DWXUDO /DQJXDJH 3URFHVVLQJ DQG

,QIRUPDWLRQ 5HWULHYDO �1/3,5�� 7RNXVKLPD 8QLY� 7RNXVKLPD� -$3$1� -81 ������ ����� ��²���

&KRZDQGD� $� DQG $� '� &KRZDQGD ������� ´*HQHUDWLYH ,QGRQHVLDQ &RQYHUVDWLRQ 0RGHO XVLQJ 5HFXUUHQW

1HXUDO 1HWZRUN ZLWK $WWHQWLRQ 0HFKDQLVP�µ 7KH �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 6FLHQFH

DQG &RPSXWDWLRQDO ,QWHOOLJHQFH �,&&6&, ����� � (PSRZHULQJ 6PDUW 7HFKQRORJ\ LQ 'LJLWDO (UD IRU D

%HWWHU /LIH ���� SS� ���²���� LVVQ� ����������

&LQHOOL� 0�� :� 4XDWWURFLRFFKL� $� *DOHD]]L� &� 0� 9DOHQVLVH� (� %UXJQROL� $� /� 6FKPLGW� 3� =ROD� )� =ROOR�

DQG $� 6FDOD ������� ´7KH FRYLG��� VRFLDO PHGLD LQIRGHPLF�µ DU;LY SUHSULQW DU;LY������������

&RURQDYLUXV GLVHDVH �&29,'���� )$4V� XUO� �ÓÓÆÍɇɗɗãããɐ×²ɐ¸É�ɗ�²ɗ�¸É¸²vâ�É×Íɗ�¸â��ʐȬȴʐ�vÈÍ

�YLVLWHG RQ ������������

'DKLZDOH� 3�� 0� 5DJKXZDQVKL� DQG /� 0DOLN ������� ´'HVLJQ RI LPSURYHG IRFXVHG ZHE FUDZOHU E\ DQD�

O\]LQJ VHPDQWLF QDWXUH RI 85/ DQG DQFKRU WH[W�µ ���� �WK ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QGXVWULDO DQG

,QIRUPDWLRQ 6\VWHPV �,&,,6�� ,(((� SS� �²��

'DOH� 5� ������� ´7KH UHWXUQ RI WKH FKDWERWV�µ 1DWXUDO /DQJXDJH (QJLQHHULQJ ������ SS� ���²����

'D\� 0��<�� -��7� /LQ� DQG <��&� &KHQ ������� ´$UWLILFLDO ,QWHOOLJHQFH IRU &RQYHUVDWLRQDO 5RER�$GYLVRU�µ $621$0

·��� SS� ����²����� LVVQ� ������������������

'HQJ� 6� ������� ´5HVHDUFK RQ WKH )RFXVHG &UDZOHU RI 0LQHUDO ,QWHOOLJHQFH 6HUYLFH %DVHG RQ 6HPDQWLF

6LPLODULW\�µ -RXUQDO RI 3K\VLFV� &RQIHUHQFH 6HULHV� 9RO� ����� �� ,23 3XEOLVKLQJ� S� �������

'HYOLQ� -�� 0��:� &KDQJ� .� /HH� DQG .� 7RXWDQRYD ������� ´%HUW� 3UH�WUDLQLQJ RI GHHS ELGLUHFWLRQDO WUDQV�

IRUPHUV IRU ODQJXDJH XQGHUVWDQGLQJ�µ DU;LY SUHSULQW DU;LY������������

'LQJ� 0�� &� =KRX� +� <DQJ� DQG -� 7DQJ ������� ´&RJOW[� $SSO\LQJ EHUW WR ORQJ WH[WV�µ $GYDQFHV LQ 1HXUDO

,QIRUPDWLRQ 3URFHVVLQJ 6\VWHPV ��� SS� �����²������

'RQJ� +�� )� .� +XVVDLQ� DQG (� &KDQJ ������� ´$ VXUYH\ LQ WUDGLWLRQDO LQIRUPDWLRQ UHWULHYDO PRGHOV�µ ����

�QG ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LJLWDO (FRV\VWHPV DQG 7HFKQRORJLHV� ,(((� SS� ���²����

'X� <�� :� /LX� ;� /Y� DQG *� 3HQJ ������� ´$Q LPSURYHG IRFXVHG FUDZOHU EDVHG RQ VHPDQWLF VLPLODULW\

YHFWRU VSDFH PRGHO�µ $SSOLHG 6RIW &RPSXWLQJ ��� SS� ���²����

'X� <�� 4� 3HQ� DQG =� *DR ������� ´$ WRSLF�VSHFLILF FUDZOLQJ VWUDWHJ\ EDVHG RQ VHPDQWLFV VLPLODULW\�µ 'DWD

	 .QRZOHGJH (QJLQHHULQJ ��� SS� ��²���

)HQJ� 6�� /� =KDQJ� <� ;LRQJ� DQG &� <DR ������� ´)RFXVHG FUDZOLQJ XVLQJ QDYLJDWLRQDO UDQN�µ 3URFHHGLQJV RI

WKH ��WK $&0 LQWHUQDWLRQDO FRQIHUHQFH RQ ,QIRUPDWLRQ DQG NQRZOHGJH PDQDJHPHQW� SS� ����²�����

��

https://www.un.org/en/coronavirus/covid-19-faqs
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)OHMWHU� '�� .� :LHORFK� DQG :� $EUDPRZLF] ������� ´8QVXSHUYLVHG PHWKRGV RI WRSLFDO WH[W VHJPHQWDWLRQ

IRU SROLVK�µ 3URFHHGLQJV RI WKH :RUNVKRS RQ %DOWR�6ODYRQLF 1DWXUDO /DQJXDJH 3URFHVVLQJ� SS� ��²���

*DQJXO\� %� DQG '� 5DLFK ������� ´3HUIRUPDQFH RSWLPL]DWLRQ RI IRFXVHG ZHE FUDZOLQJ XVLQJ FRQWHQW EORFN

VHJPHQWDWLRQ�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH RQ (OHFWURQLF 6\VWHPV� 6LJQDO 3URFHVVLQJ DQG &RPSXW�

LQJ 7HFKQRORJLHV� ,(((� SS� ���²����

*DR� &� DQG -� 5HQ ������� ´$ WRSLF�GULYHQ ODQJXDJH PRGHO IRU OHDUQLQJ WR JHQHUDWH GLYHUVH VHQWHQFHV�µ

1HXURFRPSXWLQJ ���� SS� ���²���� LVVQ� ����������

*DXU� 5� DQG '� .� 6KDUPD ������� ´5HYLHZ RI RQWRORJ\ EDVHG IRFXVHG FUDZOLQJ DSSURDFKHV�µ ���� ,QWHU�

QDWLRQDO &RQIHUHQFH RI 6RIW &RPSXWLQJ 7HFKQLTXHV IRU (QJLQHHULQJ DQG 7HFKQRORJ\ �,&6&7(7�� ,(((�

SS� �²��

*R\DO� 1�� 5� %KDWLD� DQG 0� .XPDU ������� ´$ JHQHWLF DOJRULWKP EDVHG IRFXVHG :HE FUDZOHU IRU DXWRPDWLF

ZHESDJH FODVVLILFDWLRQ�µ �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ (OHFWULFDO� (OHFWURQLFV� (QJLQHHULQJ 7UHQGV�

&RPPXQLFDWLRQ� 2SWLPL]DWLRQ DQG 6FLHQFHV �(((&26 ������ ,(7� SS� �²��

*UHHQJUDVV� (� ������� ´,QIRUPDWLRQ UHWULHYDO� $ VXUYH\�µ

*XSWD� $� DQG 3� $QDQG ������� ´)RFXVHG ZHE FUDZOHUV DQG LWV DSSURDFKHV�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH

RQ )XWXULVWLF 7UHQGV RQ &RPSXWDWLRQDO $QDO\VLV DQG .QRZOHGJH 0DQDJHPHQW �$%/$=(�� ,(((� SS� ���²

����

*XSWD� 6� ������� ´'HVLJQ RI IRFXVHG FUDZOHU EDVHG RQ IHDWXUH H[WUDFWLRQ� FODVVLILFDWLRQ DQG WHUP H[WUDF�

WLRQ�µ ���� �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWLQJ IRU 6XVWDLQDEOH *OREDO 'HYHORSPHQW �,1',$�

&RP�� ,(((� SS� ����²�����

+DQ� 0�� 3��+� :XLOOHPLQ� DQG 3� 6HQHOODUW ������� ´)RFXVHG FUDZOLQJ WKURXJK UHLQIRUFHPHQW OHDUQLQJ�µ

,QWHUQDWLRQDO &RQIHUHQFH RQ :HE (QJLQHHULQJ� 6SULQJHU� SS� ���²����

+DR� +��:�� &��;� 0X� ;��&� <LQ� 6� /L� DQG =��%� :DQJ ������� ´$Q LPSURYHG WRSLF UHOHYDQFH DOJRULWKP

IRU IRFXVHG FUDZOLQJ�µ ���� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 6\VWHPV� 0DQ� DQG &\EHUQHWLFV� ,(((�

SS� ���²����

+DVVDQ� 7�� &� &UX]� DQG $� %HUWDX[ ������� ´2QWRORJ\�EDVHG DSSURDFK IRU XQVXSHUYLVHG DQG DGDSWLYH

IRFXVHG FUDZOLQJ�µ 3URFHHGLQJV RI 7KH ,QWHUQDWLRQDO :RUNVKRS RQ 6HPDQWLF %LJ 'DWD� SS� �²��

+HUQiQGH]� ,�� &� 5� 5LYHUR� '� 5XL]� DQG 5� &RUFKXHOR ������� ´&$/$� &O$VVLI\LQJ /LQNV $XWRPDWLFDOO\

EDVHG RQ WKHLU 85/�µ -RXUQDO RI 6\VWHPV DQG 6RIWZDUH ���� SS� ���²����

+RUHY� 5� ������� %(57 ([SODLQHG� 6WDWH RI WKH DUW ODQJXDJH PRGHO IRU 1/3� XUO� �ÓÓÆÍɇɗɗÓ¸ãvÉ�Í�vÓ

vÍ���²��ɐ�¸±ɗ��ÉÓʐ�èÆ¬v�²��ʐÍÓvÓ�ʐ¸�ʐÓ��ʐvÉÓʐ¬v²�×v��ʐ±¸��¬ʐ�¸Éʐ²¬Æʐ�ȳ�ȭȬv

ȴ�ȱȭȲȫ �YLVLWHG RQ ������������

+XDQJ� ;�� )� 3HQJ� '� 6FKXXUPDQV� 1� &HUFRQH� DQG 6� (� 5REHUWVRQ ������� ´$SSO\LQJ PDFKLQH OHDUQLQJ

WR WH[W VHJPHQWDWLRQ IRU LQIRUPDWLRQ UHWULHYDO�µ ,QIRUPDWLRQ 5HWULHYDO ������� SS� ���²����

+XVVDLQ� 6�� 2� $PHUL 6LDQDNL� DQG 1� $EDEQHK ������� ´$ 6XUYH\ RQ &RQYHUVDWLRQDO $JHQWV�&KDWERWV

&ODVVLILFDWLRQ DQG 'HVLJQ 7HFKQLTXHV�µ $GYDQFHV LQ ,QWHOOLJHQW 6\VWHPV DQG &RPSXWLQJ ���� &LWHG %\

��� ([SRUW 'DWH� �� 0DUFK ����� SS� ���²����

��

https://towardsdatascience.com/bert-explained-state-of-the-art-language-model-for-nlp-f8b21a9b6270
https://towardsdatascience.com/bert-explained-state-of-the-art-language-model-for-nlp-f8b21a9b6270
https://towardsdatascience.com/bert-explained-state-of-the-art-language-model-for-nlp-f8b21a9b6270
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-DJDQDWKDQ� 3 DQG 7 .DUWKLNH\DQ ������� ´+LJKO\ (IILFLHQW $UFKLWHFWXUH IRU 6FDODEOH )RFXVHG &UDZOLQJ

8VLQJ ,QFUHPHQWDO 3DUDOOHO :HE &UDZOHU�µ -RXUQDO RI &RPSXWHU 6FLHQFH ������ S� ����

-DODOL� 6� DQG &� :RKOLQ ������� ´6\VWHPDWLF OLWHUDWXUH VWXGLHV� GDWDEDVH VHDUFKHV YV� EDFNZDUG VQRZ�

EDOOLQJ�µ 3URFHHGLQJV RI WKH ���� $&0�,((( LQWHUQDWLRQDO V\PSRVLXP RQ HPSLULFDO VRIWZDUH HQJLQHHU�

LQJ DQG PHDVXUHPHQW� ,(((� SS� ��²���

-LDQ� )�� &� -LQJ�]KRX� DQG &� /HL ������� ´'HVLJQ DQG ,PSOHPHQWDWLRQ RI $ )RFXVHG &UDZOHU³7DUJHW&UDZOHU�µ

,QWHUQDWLRQDO -RXUQDO RI *ULG DQG 'LVWULEXWHG &RPSXWLQJ ����� SS� ���²����

-RH 'KDQLWK� 3� DQG % 6XUHQGLUDQ ������� ´$Q RQWRORJ\ OHDUQLQJ EDVHG DSSURDFK IRU IRFXVHG ZHE FUDZOLQJ

XVLQJ FRPELQHG QRUPDOL]HG SRLQWZLVH PXWXDO LQIRUPDWLRQ DQG 5HVQLN DOJRULWKP�µ ,QWHUQDWLRQDO -RXUQDO

RI &RPSXWHUV DQG $SSOLFDWLRQV� SS� �²��

.HHOH� 6� HW DO� ������� *XLGHOLQHV IRU SHUIRUPLQJ V\VWHPDWLF OLWHUDWXUH UHYLHZV LQ VRIWZDUH HQJLQHHULQJ�

7HFK� UHS� 7HFKQLFDO UHSRUW� 9HU� ��� (%6( 7HFKQLFDO 5HSRUW� (%6(�

.KDOLO� 6� DQG 0� )DNLU ������� ´5&UDZOHU� $Q 5 SDFNDJH IRU SDUDOOHO ZHE FUDZOLQJ DQG VFUDSLQJ�µ 6RIWZDUH;

�� SS� ��²����

.RVWHU� 0� ������� $ VWDQGDUG IRU URERW H[FOXVLRQ� 1(;25�

.XONDUQL� 7�� 0� .DEUD� DQG 5� 6KDQNDUPDQL ������� ´8VHU 3URILOLQJ %DVHG 5HFRPPHQGDWLRQ 6\VWHP IRU

(�/HDUQLQJ�µ ���� ,((( ��WK ,QGLD &RXQFLO ,QWHUQDWLRQDO &RQIHUHQFH �,1',&21�� ,(((� SS� �²��

.XPDU� 0�� 5� %KDWLD� DQG '� 5DWWDQ ������� ´$ VXUYH\ RI :HE FUDZOHUV IRU LQIRUPDWLRQ UHWULHYDO�µ :LOH\

,QWHUGLVFLSOLQDU\ 5HYLHZV� 'DWD 0LQLQJ DQG .QRZOHGJH 'LVFRYHU\ ����� H�����

.XPDU� 0�� $� %LQGDO� 5� *DXWDP� DQG 5� %KDWLD ������� ´.H\ZRUG TXHU\ EDVHG IRFXVHG :HE FUDZOHU�µ

3URFHGLD &RPSXWHU 6FLHQFH ���� SS� ���²����

.XPDU� 0� DQG 5� 9LJ ������� ´2QOLQH /LEUDU\ &RQWHQW *HQHUDWLRQ 8VLQJ )RFXVHG &UDZOLQJ %DVHG 8SRQ

0HWD 7DJV DQG 7I�,GI�µ ���� ,QWHUQDWLRQDO 6\PSRVLXP RQ &RPSXWDWLRQDO DQG %XVLQHVV ,QWHOOLJHQFH�

,(((� SS� ���²����

/,� &��[�� <��U� 68� 5��M� :$1*� <��\� :(,� DQG +� +XDQJ ������� ´6WUXFWXUHG $-$; GDWD H[WUDFWLRQ EDVHG RQ

DJULFXOWXUDO RQWRORJ\�µ -RXUQDO RI ,QWHJUDWLYH $JULFXOWXUH ������ SS� ���²����

/L� /�� &� /L� DQG '� -L ������� ´'HHS FRQWH[W PRGHOLQJ IRU PXOWL�WXUQ UHVSRQVH VHOHFWLRQ LQ GLDORJXH V\V�

WHPV�µ ,QIRUPDWLRQ 3URFHVVLQJ 0DQDJHPHQW ������ S� ������� LVVQ� ����������

/L� ;�� 0� ;LQJ� DQG -� =KDQJ ������� ´$ FRPSUHKHQVLYH SUHGLFWLRQ PHWKRG RI YLVLW SULRULW\ IRU IRFXVHG

FUDZOHU�µ ���� �QG ,QWHUQDWLRQDO 6\PSRVLXP RQ ,QWHOOLJHQFH ,QIRUPDWLRQ 3URFHVVLQJ DQG 7UXVWHG &RP�

SXWLQJ� ,(((� SS� ��²���

/LX� +� DQG (� 0LOLRV ������� ´3UREDELOLVWLF PRGHOV IRU IRFXVHG ZHE FUDZOLQJ�µ &RPSXWDWLRQDO ,QWHOOLJHQFH

������ SS� ���²����

/LX� /� DQG 7� 3HQJ ������� ´&OXVWHULQJ�EDVHG WRSLFDO :HE FUDZOLQJ XVLQJ &)X�WUHH JXLGHG E\ OLQN�FRQWH[W�µ

)URQWLHUV RI &RPSXWHU 6FLHQFH ����� SS� ���²����

/LX� :� DQG <� 'X ������� ´$ QRYHO IRFXVHG FUDZOHU EDVHG RQ FHOO�OLNH PHPEUDQH FRPSXWLQJ RSWLPL]DWLRQ

DOJRULWKP�µ 1HXURFRPSXWLQJ ���� SS� ���²����

��
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/RWIL� 0�� 0� 5� +DPEOLQ� DQG 1� 5H]DHL ������� ´&29,'���� 7UDQVPLVVLRQ� SUHYHQWLRQ� DQG SRWHQWLDO WKHU�

DSHXWLF RSSRUWXQLWLHV�µ &OLQLFD FKLPLFD DFWD�

/X� +�� '� =KDQ� /� =KRX� DQG '� +H ������� ´$Q LPSURYHG IRFXVHG FUDZOHU� XVLQJ ZHE SDJH FODVVLILFDWLRQ

DQG OLQN SULRULW\ HYDOXDWLRQ�µ 0DWKHPDWLFDO 3UREOHPV LQ (QJLQHHULQJ �����

/XFHQHäV 3UDFWLFDO 6FRULQJ )XQFWLRQ� XUO� �ÓÓÆÍɇɗɗãããɐ�¬vÍÓ��ɐ�¸ɗ�×���ɗ�²ɗ�¬vÍÓ��Í�vÉ��ɗ�×

���ɗ±vÍÓ�ÉɗÆÉv�Ó��v¬ʐÍ�¸É�²�ʐ�×²�Ó�¸²ɐ�Ó±¬ �YLVLWHG RQ ������������

/XR� -�� <� /� /X� DQG &� ;� /LQ ������� ´5HVHDUFK RQ &RQWHQW $QDO\VLV DOJRULWKP RI )RFXVHG &UDZOHU EDVHG

RQ /%7)�,')�µ $GYDQFHG 0DWHULDOV 5HVHDUFK� 9RO� ���� 7UDQV 7HFK 3XEO� SS� ����²�����

/XWNHYLFK� %� ������� :KDW LV %HUW �ODQJXDJH PRGHO� DQG KRZ GRHV LW ZRUN" XUO� �ÓÓÆÍɇɗɗÍ�vÉ���²Ó�É

ÆÉ�Í�v�ɐÓ���ÓvÉ��Óɐ�¸±ɗ����²�Ó�¸²ɗ��NWʐ¬v²�×v��ʐ±¸��¬ �YLVLWHG RQ ������������

0DOL� 6� 6 1LQRUL\D� DQG %� 0HVKUDP ������� ´)UHVKQHVV WXQLQJ LQ IRFXVHG FUDZOHU�µ 3URFHHGLQJV RI WKH

,QWHUQDWLRQDO &RQIHUHQFH 	 :RUNVKRS RQ (PHUJLQJ 7UHQGV LQ 7HFKQRORJ\� SS� ���²����

0DOL� 6� DQG %� 0HVKUDP ������� ´)RFXVHG ZHE FUDZOHU ZLWK UHYLVLW SROLF\�µ 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO

&RQIHUHQFH 	 :RUNVKRS RQ (PHUJLQJ 7UHQGV LQ 7HFKQRORJ\� SS� ���²����

0DOODZDDUDFKFKL� 9�� /� 0HHJDKDSROD� 5� 0DGKXVKDQND� (� +HVKDQ� '� 0HHGHQL\D� DQG 6� -D\DUDWKQD

������� ´&KDQJH 'HWHFWLRQ DQG 1RWLILFDWLRQ RI :HE 3DJHV� $ 6XUYH\�µ $&0 &RPSXWLQJ 6XUYH\V �&685�

������ SS� �²���

0LQHU� *�� -� (OGHU ,9� $� )DVW� 7� +LOO� 5� 1LVEHW� DQG '� 'HOHQ ������� 3UDFWLFDO WH[W PLQLQJ DQG VWDWLV�

WLFDO DQDO\VLV IRU QRQ�VWUXFWXUHG WH[W GDWD DSSOLFDWLRQV� &KDS� 7H[W &ODVVLILFDWLRQ DQG &DWHJRUL]DWLRQ�

SS� ���²����

0LQKDV� *� DQG 0� .XPDU ������� ´/6, EDVHG UHOHYDQFH FRPSXWDWLRQ IRU WRSLFDO ZHE FUDZOHU�µ -RXUQDO RI

(PHUJLQJ 7HFKQRORJLHV LQ :HE ,QWHOOLJHQFH ����� SS� ���²����

0LURQF]XN� 0� 0� DQG -� 3URWDVLHZLF] ������� ´$ UHFHQW RYHUYLHZ RI WKH VWDWH�RI�WKH�DUW HOHPHQWV RI WH[W

FODVVLILFDWLRQ�µ ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV ���� SS� ��²���

0LVUD� +�� )� <YRQ� 2� &DSSp� DQG -� -RVH ������� ´7H[W VHJPHQWDWLRQ� $ WRSLF PRGHOLQJ SHUVSHFWLYH�µ

,QIRUPDWLRQ 3URFHVVLQJ 	 0DQDJHPHQW ������ SS� ���²����

0RU� -�� 1� .XPDU� DQG '� 5DL ������� ´$Q ,PSURYHG &UDZOHU %DVHG RQ (IILFLHQW 5DQNLQJ $OJRULWKP�µ

,QWHUQDWLRQDO -RXUQDO RI $GYDQFHG 7UHQGV LQ &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ ����� SS� ���²����

1DHHP� 6� %� DQG 5� %KDWWL ������� ´7KH &RYLG��� ¶LQIRGHPLF·� D QHZ IURQW IRU LQIRUPDWLRQ SURIHVVLRQDOV�µ

+HDOWK ,QIRUPDWLRQ 	 /LEUDULHV -RXUQDO�

1DJKLEL� 0� DQG $� 7� 5DKPDQL ������� ´)RFXVHG FUDZOLQJ XVLQJ YLVLRQ�EDVHG SDJH VHJPHQWDWLRQ�µ ,QWHU�

QDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ 6\VWHPV� 7HFKQRORJ\ DQG 0DQDJHPHQW� 6SULQJHU� SS� �²���

1JX\HQ� 7� DQG 0� 6KFKHUEDNRY ������� ´$ 1HXUDO 1HWZRUN EDVHG 9LHWQDPHVH &KDWERW�µ ���� ,QWHUQDWLRQDO

&RQIHUHQFH RQ 6\VWHP 0RGHOLQJ $GYDQFHPHQW LQ 5HVHDUFK 7UHQGV �60$57�� SS� ���²���� LVVQ� 92

��

1LPDYDW� .� DQG 7� &KDPSDQHULD ������� ´&KDWERWV� DQ RYHUYLHZ W\SHV� DUFKLWHFWXUH� WRROV DQG IXWXUH

SRVVLELOLWLHV�µ ,QW� -� 6FL� 5HV� 'HY ����� SS� ����²�����

��

https://www.elastic.co/guide/en/elasticsearch/guide/master/practical-scoring-function.html
https://www.elastic.co/guide/en/elasticsearch/guide/master/practical-scoring-function.html
https://searchenterpriseai.techtarget.com/definition/BERT-language-model
https://searchenterpriseai.techtarget.com/definition/BERT-language-model
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1LQJ� +�� +� :X� =� +H� DQG <� 7DQ ������� ´)RFXVHG FUDZOHU 85/ DQDO\VLV PRGHO EDVHG RQ LPSURYHG JHQHWLF

DOJRULWKP�µ ���� ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 0HFKDWURQLFV DQG $XWRPDWLRQ� ,(((� SS� ����²

�����

1LWKXQD� 6 DQG &� /DVHHQD ������� ´5HYLHZ RQ ,PSOHPHQWDWLRQ 7HFKQLTXHV RI &KDWERW�µ ���� ,QWHUQDWLRQDO

&RQIHUHQFH RQ &RPPXQLFDWLRQ DQG 6LJQDO 3URFHVVLQJ �,&&63�� ,(((� SS� ����²�����

1XUX]]DPDQ� 0� DQG 2� .� +XVVDLQ ������� ´$ VXUYH\ RQ FKDWERW LPSOHPHQWDWLRQ LQ FXVWRPHU VHUYLFH

LQGXVWU\ WKURXJK GHHS QHXUDO QHWZRUNV�µ ���� ,((( ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ H�%XVLQHVV (Q�

JLQHHULQJ �,&(%(�� ,(((� SS� ��²���

1XUX]]DPDQ� 0� DQG 2� .� +XVVDLQ ������� ´,GHQWLI\LQJ )DFWV IRU &KDWERW·V 4XHVWLRQ $QVZHULQJ YLD 6H�

TXHQFH /DEHOOLQJ 8VLQJ 5HFXUUHQW 1HXUDO 1HWZRUNV�µ $&0 785& ·��� LVVQ� ������������������

1XUX]]DPDQ� 0� DQG 2� .� +XVVDLQ ������� ´,QWHOOL%RW� $ 'LDORJXH�EDVHG FKDWERW IRU WKH LQVXUDQFH LQGXV�

WU\�µ .QRZOHGJH�%DVHG 6\VWHPV ���� S� ������� LVVQ� ����������

2GKLDPER� -� DQG -� 2NXQJX �2FW� ������ ´7RS �� &RYLG��� 5HVHDUFK 7RSLFV DQG $UHDV�µ SUHSULQW RQ

ZHESDJH DW �ÓÓÆÍɇɗɗãããɐÉ�Í�vÉ���vÓ�ɐ²�ÓɗÆ×�¬��vÓ�¸²ɗȮȯȮȮȳȫȲȴȯɘW¸ÆɘȬȰɘ
¸â��ʐȬȴ

ɘN�Í�vÉ��ɘW¸Æ��Íɘv²�ɘ֑É�vÍ�

2QDQ� $� ������� ´&ODVVLILHU DQG IHDWXUH VHW HQVHPEOHV IRU ZHE SDJH FODVVLILFDWLRQ�µ -RXUQDO RI ,QIRUPDWLRQ

6FLHQFH ������ SS� ���²����

2VPDQ� '� -� DQG -� /� <HDUZRRG ������� ´2SLQLRQ VHDUFK LQ ZHE ORJV�µ 3URFHHGLQJV RI WKH HLJKWHHQWK

FRQIHUHQFH RQ $XVWUDODVLDQ GDWDEDVH�9ROXPH ��� SS� ���²����

g]HO� 6� $� ������� ´$ ZHE SDJH FODVVLILFDWLRQ V\VWHP EDVHG RQ D JHQHWLF DOJRULWKP XVLQJ WDJJHG�WHUPV DV

IHDWXUHV�µ ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV ������ SS� ����²�����

3DN� ,� DQG 3� /� 7HK ������� ´7H[W VHJPHQWDWLRQ WHFKQLTXHV� D FULWLFDO UHYLHZ�µ ,QQRYDWLYH &RPSXWLQJ�

2SWLPL]DWLRQ DQG ,WV $SSOLFDWLRQV� 6SULQJHU� SS� ���²����

3DUYH]� 0� 6�� .� 6� $� 7DVQHHP� 6� 6� 5DMHQGUD� DQG .� 5� %RGNH ������� ´$QDO\VLV 2I 'LIIHUHQW :HE

'DWD ([WUDFWLRQ 7HFKQLTXHV�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH RQ 6PDUW &LW\ DQG (PHUJLQJ 7HFKQRORJ\

�,&6&(7�� SS� �²��

3DVDUL� 5�� 9� &KDXGKDUL� $� %RUNDU� DQG $� -RVKL ������� ´3DUDOOHOL]DWLRQ RI YHUWLFDO VHDUFK HQJLQH XVLQJ

+DGRRS DQG 0DS5HGXFH�µ 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHV LQ ,QIRUPDWLRQ

&RPPXQLFDWLRQ 7HFKQRORJ\ 	 &RPSXWLQJ� SS� �²��

3DWHO� $� DQG 1� 6FKPLGW ������� ´$SSOLFDWLRQ RI VWUXFWXUHG GRFXPHQW SDUVLQJ WR IRFXVHG ZHE FUDZOLQJ�µ

&RPSXWHU 6WDQGDUGV 	 ,QWHUIDFHV ������ SS� ���²����

3DZDU� 1�� . 5DMHVZDUL� DQG $� -RVKL ������� ´,PSOHPHQWDWLRQ RI DQ HIILFLHQW ZHE FUDZOHU WR VHDUFK PHGLFL�

QDO SODQWV DQG UHOHYDQW GLVHDVHV�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWLQJ &RPPXQLFDWLRQ &RQ�

WURO DQG DXWRPDWLRQ �,&&8%($�� ,(((� SS� �²��

3HQJ� 7� DQG /� /LX ������� ´)RFXVHG FUDZOLQJ HQKDQFHG E\ &%3²6/&�µ .QRZOHGJH�%DVHG 6\VWHPV ���

SS� ��²���

3KDP� .�� $� 6DQWRV� DQG -� )UHLUH ������� ´/HDUQLQJ WR 'LVFRYHU 'RPDLQ�6SHFLILF :HE &RQWHQW�µ 3URFHHG�

LQJV RI WKH (OHYHQWK $&0 ,QWHUQDWLRQDO &RQIHUHQFH RQ :HE 6HDUFK DQG 'DWD 0LQLQJ� SS� ���²����

��

https://www.researchgate.net/publication/343380794_Top_15_Covid-19_Research_Topics_and_Areas
https://www.researchgate.net/publication/343380794_Top_15_Covid-19_Research_Topics_and_Areas
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3LUNROD� $� DQG 7� 7DOYHQVDDUL ������� ´$ WRSLF�VSHFLILF :HE VHDUFK V\VWHP IRFXVLQJ RQ TXDOLW\ SDJHV�µ

,QWHUQDWLRQDO &RQIHUHQFH RQ 7KHRU\ DQG 3UDFWLFH RI 'LJLWDO /LEUDULHV� 6SULQJHU� SS� ���²����

3UDVVDQQD� -�� .� .KDGDU 1DZDV� -� &KULVW\ -DFNVRQ� 5� 3UDEDNDUDQ� DQG 6� 5DPDQDWKDQ ������� ´7RZDUGV

EXLOGLQJ D QHXUDO FRQYHUVDWLRQ FKDWERW WKURXJK VHT�VHT PRGHO�µ ,QWHUQDWLRQDO -RXUQDO RI 6FLHQWLILF DQG

7HFKQRORJ\ 5HVHDUFK ����� ([SRUW 'DWH� �� 0DUFK ����� SS� ����²�����

4LX� -�� 4� 'X� :� :DQJ� .� <LQ� &� /LQ� DQG &� 4LDQ ������� ´7RSLF &UDZOHU IRU 2SHQ6WDFN 4$ .QRZO�

HGJH %DVH�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH RQ &\EHU�(QDEOHG 'LVWULEXWHG &RPSXWLQJ DQG .QRZOHGJH

'LVFRYHU\ �&\EHU&�� ,(((� SS� ���²����

5DMDODNVKPL� 5 DQG &� $UDYLQGDQ ������� ´:HE SDJH FODVVLILFDWLRQ XVLQJ Q�JUDP EDVHG 85/ IHDWXUHV�µ

���� ILIWK LQWHUQDWLRQDO FRQIHUHQFH RQ DGYDQFHG FRPSXWLQJ �,&R$&�� ,(((� SS� ��²���

5DMSXUNDU� 3�� -� =KDQJ� .� /RS\UHY� DQG 3� /LDQJ �1RY� ������ ´64X$'� �������� 4XHVWLRQV IRU 0DFKLQH

&RPSUHKHQVLRQ RI 7H[W�µ 3URFHHGLQJV RI WKH ���� &RQIHUHQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQ�

JXDJH 3URFHVVLQJ� $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� $XVWLQ� 7H[DV� SS� ����²�����

5KHLQOlQGHU� $�� 0� /HKPDQQ� $� .XQNHO� -� 0HLHU� DQG 8� /HVHU ������� ´3RWHQWLDO DQG SLWIDOOV RI GRPDLQ�

VSHFLILF LQIRUPDWLRQ H[WUDFWLRQ DW ZHE VFDOH�µ 3URFHHGLQJV RI WKH ���� LQWHUQDWLRQDO FRQIHUHQFH RQ

PDQDJHPHQW RI GDWD� SS� ���²����

5LFKDUGVRQ� /� ������� ´%HDXWLIXO 6RXS 'RFXPHQWDWLRQ�>RQOLQH@�µ XUO� �ÓÓÆÍɇɗɗãããɐ�É×±±éɐ�¸±ɗÍ¸�

ÓãvÉ�ɗ��v×Ó��×¬R¸×Æɗ�Íȯɗ�¸� �YLVLWHG RQ ������������

5RFKZHUJ� %�� 5� 3DUNH� 6� 0XUWK\� 6� 0� )HUQDQGR� -� 3� /HLJK� -� 0DUVKDOO� 1� .� $GKLNDUL� .� )LHVW� 5�

)RZOHU� )� /DPRQWDJQH� HW DO� ������� ´0LVLQIRUPDWLRQ GXULQJ WKH FRURQDYLUXV GLVHDVH ���� RXWEUHDN�

+RZ NQRZOHGJH HPHUJHV IURP QRLVH�µ &ULWLFDO &DUH ([SORUDWLRQV �����

6DLQL� &� DQG 9� $URUD ������� ´,QIRUPDWLRQ UHWULHYDO LQ ZHE FUDZOLQJ� $ VXUYH\�µ ���� ,QWHUQDWLRQDO &RQIHU�

HQFH RQ $GYDQFHV LQ &RPSXWLQJ� &RPPXQLFDWLRQV DQG ,QIRUPDWLFV �,&$&&,�� ,(((� SS� ����²�����

6DOHK� $� ,�� $� (� $EXOZDID� DQG 0� )� $O 5DKPDZ\ ������� ´$ ZHE SDJH GLVWLOODWLRQ VWUDWHJ\ IRU HIIL�

FLHQW IRFXVHG FUDZOLQJ EDVHG RQ RSWLPL]HG 1DwYH ED\HV �21%� FODVVLILHU�µ $SSOLHG 6RIW &RPSXWLQJ ���

SS� ���²����

6DQWRV� $�� %� 3DVLQL� DQG -� )UHLUH ������� ´$ ILUVW VWXG\ RQ WHPSRUDO G\QDPLFV RI WRSLFV RQ WKH ZHE�µ

3URFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH &RPSDQLRQ RQ :RUOG :LGH :HE� SS� ���²����

6FDFFKL� :� ������� ´)UHH�RSHQ VRXUFH VRIWZDUH GHYHORSPHQW�µ 3URFHHGLQJV RI WKH WKH �WK MRLQW PHHWLQJ RI

WKH (XURSHDQ VRIWZDUH HQJLQHHULQJ FRQIHUHQFH DQG WKH $&0 6,*62)7 V\PSRVLXP RQ 7KH IRXQGDWLRQV

RI VRIWZDUH HQJLQHHULQJ� SS� ���²����

6FKZDUW]� %� ������� *RRJOH� %(57 QRZ XVHG RQ DOPRVW HYHU\ (QJOLVK TXHU\� XUO� �ÓÓÆÍɇɗɗÍ�vÉ���²�

�²�¬v²�ɐ�¸±ɗ�¸¸�¬�ʐ��ÉÓʐ×Í��ʐ¸²ʐv¬±¸ÍÓʐ�â�Ééʐ�²�¬�Í�ʐÈ×�ÉéʐȮȯȭȬȴȮ �YLVLWHG RQ

������������

6HODPDW� $� DQG )� $KPDGL�$ENHQDUL ������� ´$UFKLWHFWXUH IRU D SDUDOOHO IRFXVHG FUDZOHU IRU FOLFNVWUHDP

DQDO\VLV�µ $VLDQ &RQIHUHQFH RQ ,QWHOOLJHQW ,QIRUPDWLRQ DQG 'DWDEDVH 6\VWHPV� 6SULQJHU� SS� ��²���

6H\IL� $� DQG $� 3DWHO ������� ´$ IRFXVHG FUDZOHU FRPELQDWRU\ OLQN DQG FRQWHQW PRGHO EDVHG RQ 7�*UDSK

SULQFLSOHV�µ &RPSXWHU 6WDQGDUGV 	 ,QWHUIDFHV ��� SS� �²���

��

https://www.crummy.com/software/BeautifulSoup/bs4/doc
https://www.crummy.com/software/BeautifulSoup/bs4/doc
https://searchengineland.com/google-bert-used-on-almost-every-english-query-342193
https://searchengineland.com/google-bert-used-on-almost-every-english-query-342193
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6H\IL� $�� $� 3DWHO� DQG -� &� -~QLRU ������� ´(PSLULFDO HYDOXDWLRQ RI WKH OLQN DQG FRQWHQW�EDVHG IRFXVHG

7UHDVXUH�&UDZOHU�µ &RPSXWHU 6WDQGDUGV 	 ,QWHUIDFHV ��� SS� ��²���

6KDKL� *� .� DQG '� 1DQGLQL ������� ´)DNH&RYLG²$ 0XOWLOLQJXDO &URVV�GRPDLQ )DFW &KHFN 1HZV 'DWDVHW

IRU &29,'����µ DU;LY SUHSULQW DU;LY������������

6KDQJ� 6�� +� :X� DQG -� 0D ������� ´$Q ,PSURYHG )RFXVHG :HE &UDZOHU EDVHG RQ +\EULG 6LPLODULW\�µ

,QWHUQDWLRQDO -RXUQDO RI 3HUIRUPDELOLW\ (QJLQHHULQJ � ����

6KULYDVWDYD� *� .�� 3� .DXVKLN� DQG 5� .� 3DWHUL\D ������� ´&RPSUHKHQVLYH $QDO\VLV RI :HE 3DJH &ODVVL�

ILHU IRU )VRFXVHG &UDZOHU�µ ,QWHUQDWLRQDO -RXUQDO RI ,QQRYDWLYH 7HFKQRORJ\ DQG ([SORULQJ (QJLQHHULQJ

5HJXODU ,VVXH ����� SS� ��²���

6LQJK� 1�� +� 6DQGKDZDOLD� 1� 0RQHW� +� 3RLULHU� DQG -��0� &RXUVLPDXOW ������� ´/DUJH VFDOH XUO�EDVHG FODV�

VLILFDWLRQ XVLQJ RQOLQH LQFUHPHQWDO OHDUQLQJ�µ ���� ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 0DFKLQH /HDUQLQJ

DQG $SSOLFDWLRQV� 9RO� �� ,(((� SS� ���²����

6OHLPDQ� +� $� DQG 5� &RUFKXHOR ������� ´$ VXUYH\ RQ UHJLRQ H[WUDFWRUV IURP ZHE GRFXPHQWV�µ ,(((

7UDQVDFWLRQV RQ .QRZOHGJH DQG 'DWD (QJLQHHULQJ ������ SS� ����²�����

64X$' ���� XUO� �ÓÓÆÍɇɗɗÉv©Æ×ÉªvÉɐ��Ó�×�ɐ�¸ɗRM×֑�ʐ�èÆ¬¸É�Éɗ �YLVLWHG RQ ������������

6WRS WRNHQ ILOWHU� (ODVWLFVHDUFK *XLGH >����@� XUO� �ÓÓÆÍɇɗɗãããɐ�¬vÍÓ��ɐ�¸ɗ�×���ɗ�²ɗ�¬vÍÓ��Í�v

É��ɗÉ���É�²��ɗ�×ÉÉ�²Óɗv²v¬éÍ�ÍʐÍÓ¸ÆʐÓ¸ª�²��¬Ó�Éɐ�Ó±¬ɏv²v¬éÍ�ÍʐÍÓ¸ÆʐÓ¸ª�²��¬

Ó�ÉʐÍÓ¸Æʐã¸É�Íʐ�éʐ¬v²� �YLVLWHG RQ ������������

6XHEFKXD� 7�� %� 0DQDVNDVHPVDN� $� 5XQJVDZDQJ� DQG +� <DPDQD ������� ´(IILFLHQW WRSLFDO IRFXVHG

FUDZOLQJ WKURXJK QHLJKERUKRRG IHDWXUH�µ 1HZ *HQHUDWLRQ &RPSXWLQJ ������ SS� ��²����

6]SHNWRU� ,�� '� &RKHQ� *� (OLGDQ� 0� )LQN� $� +DVVLGLP� 2� .HOOHU� 6� .XONDUQL� (� 2IHN� 6� 3XGLQVN\� $� 5H�

YDFK� 6� 6DODQW� DQG <� 0DWLDV ������� ´'\QDPLF &RPSRVLWLRQ IRU &RQYHUVDWLRQDO 'RPDLQ ([SORUDWLRQ�µ

::: ·��� SS� ���²���� LVVQ� ������������������

7DQ� 4� DQG 3� 0LWUD ������� ´&OXVWHULQJ�EDVHG LQFUHPHQWDO ZHE FUDZOLQJ�µ $&0 7UDQVDFWLRQV RQ ,QIRUPD�

WLRQ 6\VWHPV �72,6� ������ SS� �²���

7D\ODQ� '�� 0� 3R\UD]� 6� $N\RNXĀ� DQG 0� &� *DQL] ������� ´,QWHOOLJHQW IRFXVHG FUDZOHU� /HDUQLQJ ZKLFK

OLQNV WR FUDZO�µ ���� ,QWHUQDWLRQDO 6\PSRVLXP RQ ,QQRYDWLRQV LQ ,QWHOOLJHQW 6\VWHPV DQG $SSOLFDWLRQV�

,(((� SS� ���²����

7RUNHVWDQL� -� $� ������� ´$Q DGDSWLYH IRFXVHG ZHE FUDZOLQJ DOJRULWKP EDVHG RQ OHDUQLQJ DXWRPDWD�µ $S�

SOLHG ,QWHOOLJHQFH ������ SS� ���²����

8HPXUD� <�� 7� ,WRNDZD� 7� .LWDVXND� DQG 0� $ULWVXJL ������� ´$Q HIIHFWLYHO\ IRFXVHG FUDZOLQJ V\VWHP�µ

,QQRYDWLRQV LQ ,QWHOOLJHQW 0DFKLQHVá�� 6SULQJHU� SS� ��²���

9DPVL� *� .�� $� 5DVRRO� DQG *� +DMHOD ������� ´&KDWERW� $ 'HHS 1HXUDO 1HWZRUN %DVHG +XPDQ WR 0D�

FKLQH &RQYHUVDWLRQ 0RGHO�µ ���� ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWLQJ� &RPPXQLFDWLRQ DQG

1HWZRUNLQJ 7HFKQRORJLHV �,&&&17�� SS� �²�� LVVQ� 92 ��

9HODYDQ� 7� 3� DQG &� *� 0H\HU ������� ´7KH &29,'��� HSLGHPLF�µ 7URSLFDO PHGLFLQH 	 LQWHUQDWLRQDO KHDOWK

������ S� ����

��

https://rajpurkar.github.io/SQuAD-explorer/
https://www.elastic.co/guide/en/elasticsearch/reference/current/analysis-stop-tokenfilter.html#analysis-stop-tokenfilter-stop-words-by-lang
https://www.elastic.co/guide/en/elasticsearch/reference/current/analysis-stop-tokenfilter.html#analysis-stop-tokenfilter-stop-words-by-lang
https://www.elastic.co/guide/en/elasticsearch/reference/current/analysis-stop-tokenfilter.html#analysis-stop-tokenfilter-stop-words-by-lang
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9HQX� 6� +�� 9� 0RKDQ� .� 8UNDODQ� DQG 7� *HHWKD ������� ´8QVXSHUYLVHG GRPDLQ RQWRORJ\ OHDUQLQJ IURP

WH[W�µ ,QWHUQDWLRQDO &RQIHUHQFH RQ 0LQLQJ ,QWHOOLJHQFH DQG .QRZOHGJH ([SORUDWLRQ� 6SULQJHU� SS� ���²

����

:DL� +� 3� 0�� 3� 3� 7DU� DQG 3� 7KZH ������� ´2QWRORJ\ %DVHG :HE 3DJH &ODVVLILFDWLRQ 6\VWHP E\ 8V�

LQJ (QKDQFHG &�� � DQG 1DwYH %D\HVLDQ &ODVVLILHUV�µ ���� ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QWHOOLJHQW

,QIRUPDWLFV DQG %LRPHGLFDO 6FLHQFHV �,&,,%06�� 9RO� �� ,(((� SS� ���²����

:DQJ� :�� ;� &KHQ� <� =RX� +� :DQJ� DQG =� 'DL ������� ´$ IRFXVHG FUDZOHU EDVHG RQ QDLYH ED\HV FODVVLILHU�µ

���� 7KLUG ,QWHUQDWLRQDO 6\PSRVLXP RQ ,QWHOOLJHQW ,QIRUPDWLRQ 7HFKQRORJ\ DQG 6HFXULW\ ,QIRUPDWLFV�

,(((� SS� ���²����

:DQJ� <�� =� +RQJ� DQG 0� 6KL ������� ´5HVHDUFK RQ OGD PRGHO DOJRULWKP RI QHZV�RULHQWHG ZHE FUDZOHU�µ

���� ,(((�$&,6 ��WK ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQFH �,&,6�� ,(((�

SS� ���²����

:DV]DN� 3� 0�� :� .DVSU]\FND�:DV]DN� DQG $� .XEDQHN ������� ´7KH VSUHDG RI PHGLFDO IDNH QHZV LQ VRFLDO

PHGLD²WKH SLORW TXDQWLWDWLYH VWXG\�µ +HDOWK SROLF\ DQG WHFKQRORJ\ ����� SS� ���²����

:+2 &RURQDYLUXV �&29,'���� 'DVKERDUG� XUO� �ÓÓÆÍɇɗɗ�¸â��Ȭȴɐã�¸ɐ�²Óɗ �YLVLWHG RQ ������������

:LNLSHGLD ������� )�VFRUH â :LNLSHGLD� 7KH )UHH (QF\FORSHGLD� �ÓÓÆɇɗɗ�²ɐã�ª�Æ���vɐ¸É�ɗãɗ�²��è

ɐÆ�ÆɑÓ�Ó¬�ˮ�ʐÍ�¸É�ճ¸¬���ˮȬȫȮȫȰȮȬȮȴȲ� �9LVLWHG RQ ������������

:RKOLQ� &� ������� ´*XLGHOLQHV IRU VQRZEDOOLQJ LQ V\VWHPDWLF OLWHUDWXUH VWXGLHV DQG D UHSOLFDWLRQ LQ VRIW�

ZDUH HQJLQHHULQJ�µ 3URFHHGLQJV RI WKH ��WK LQWHUQDWLRQDO FRQIHUHQFH RQ HYDOXDWLRQ DQG DVVHVVPHQW LQ

VRIWZDUH HQJLQHHULQJ� SS� �²���

;LH� '� ;� DQG :� )� ;LD ������� ´'HVLJQ DQG LPSOHPHQWDWLRQ RI WKH WRSLF�IRFXVHG FUDZOHU EDVHG RQ VFUDS\�µ

DGYDQFHG PDWHULDOV UHVHDUFK� 9RO� ���� 7UDQV 7HFK 3XEO� SS� ���²����

;X� *�� 3� -LDQJ� &� 0D� 0� 'DQHVKPDQG� DQG 6� ;LH ������� ´95362)&� D IUDPHZRUN IRU IRFXVHG FUDZOHU

XVLQJ PXWDWLRQ LPSURYLQJ SDUWLFOH VZDUP RSWLPL]DWLRQ DOJRULWKP�µ 3URFHHGLQJV RI WKH $&0 7XULQJ

&HOHEUDWLRQ &RQIHUHQFH�&KLQD� SS� �²��

<DQ� :� DQG /� 3DQ ������� ´'HVLJQLQJ IRFXVHG FUDZOHU EDVHG RQ LPSURYHG JHQHWLF DOJRULWKP�µ ���� 7HQWK

,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHG &RPSXWDWLRQDO ,QWHOOLJHQFH �,&$&,�� ,(((� SS� ���²����

<DQJ� 6��<� ������� ´2QWR&UDZOHU� $ IRFXVHG FUDZOHU ZLWK RQWRORJ\�VXSSRUWHG ZHEVLWH PRGHOV IRU LQIRUPD�

WLRQ DJHQWV�µ ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV ������ SS� ����²�����

<DQJ� 6��<� DQG &��/� +VX ������� ´$Q RQWRORJ\�VXSSRUWHG ZHE IRFXVHG�FUDZOHU IRU -DYD SURJUDPV�µ ����

�UG ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ 8EL�0HGLD &RPSXWLQJ� ,(((� SS� ���²����

<LQ� =�� .��+� &KDQJ� DQG 5� =KDQJ ������� ´'HHS3UREH� ,QIRUPDWLRQ GLUHFWHG VHTXHQFH XQGHUVWDQGLQJ

DQG FKDWERW GHVLJQ YLD UHFXUUHQW QHXUDO QHWZRUNV�µ 3URFHHGLQJV RI WKH $&0 6,*.'' ,QWHUQDWLRQDO

&RQIHUHQFH RQ .QRZOHGJH 'LVFRYHU\ DQG 'DWD 0LQLQJ� &LWHG %\ ��� ([SRUW 'DWH� �� 0DUFK �����

SS� ����²�����

<X� <��%�� 6��/� +XDQJ� 1� 7DVKL� +� =KDQJ� )� /HL� DQG /��<� :X ������� ´$ VXUYH\ DERXW DOJRULWKPV XWLOL]HG

E\ IRFXVHG ZHE FUDZOHU�µ -RXUQDO RI (OHFWURQLF 6FLHQFH DQG 7HFKQRORJ\ ������ SS� ���²����

��

https://covid19.who.int/
http://en.wikipedia.org/w/index.php?title=F-score&oldid=1030531397
http://en.wikipedia.org/w/index.php?title=F-score&oldid=1030531397
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<XNL� .�� 0� )XMLRJL� DQG 6� .RXWVRJLDQQDNL ������� ´&29,'��� SDWKRSK\VLRORJ\� $ UHYLHZ�µ &OLQLFDO ,P�

PXQRORJ\ ���� S� ������� LVVQ� ����������

=KDQJ� +� DQG -� /X ������� ´6&7:&� $Q RQOLQH VHPL�VXSHUYLVHG FOXVWHULQJ DSSURDFK WR WRSLFDO ZHE

FUDZOHUV�µ $SSOLHG 6RIW &RPSXWLQJ ������ SS� ���²����

=KDQJ� 5�� -� *XR� <� )DQ� <� /DQ� DQG ;� &KHQJ ������� ´'XDO�)DFWRU *HQHUDWLRQ 0RGHO IRU &RQYHUVDWLRQ�µ

$&0 7UDQV� ,QI� 6\VW� ������ LVVQ� ����������

=KDQJ� <�� 7� ;X� DQG <� 'DL ������� ´5HVHDUFK RQ &KDWERWV IRU 2SHQ 'RPDLQ� 8VLQJ %L/670 DQG 6HTXHQFH

WR 6HTXHQFH�µ $,&6 ����� SS� ���²���� LVVQ� ������������������

=KHQJ� 6� ������� ´*HQHWLF DQG DQW DOJRULWKPV EDVHG IRFXVHG FUDZOHU GHVLJQ�µ ���� 6HFRQG ,QWHUQDWLRQDO

&RQIHUHQFH RQ ,QQRYDWLRQV LQ %LR�LQVSLUHG &RPSXWLQJ DQG $SSOLFDWLRQV� ,(((� SS� ���²����

=KHQJ� =� DQG '� 4LDQ ������� ´$Q LPSURYHG IRFXVHG FUDZOHU EDVHG RQ WH[W NH\ZRUG H[WUDFWLRQ�µ ���� �WK

,QWHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU 6FLHQFH DQG 1HWZRUN 7HFKQRORJ\ �,&&617�� ,(((� SS� ���²

����

��
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6\VWHPDWLF /LWHUDWXUH 5HYLHZ� 4XDOLW\ $VVHVVPHQW

7KH IROORZLQJ WDEOHV �RUGHUHG E\ 6FRUH DQG WKHQ DOSKDEHWLFDOO\ E\ 6WXG\ � UHSUHVHQW WKH 4XDOLW\ $VVHVVPHQW

UHVXOWV SHUIRUPHG RQ WKH VHOHFWHG VWXGLHV ZLWKLQ WKH 6/5 FRQGXFWHG�

7DEOH $��� 4XDOLW\ $VVHVVPHQW� :HE &UDZOLQJ

6WXG\ 4� 4� 4� 4� 4� 6FRUH

'X HW DO� ������ � � � � � �

+HUQiQGH] HW DO� ������ � � � � � �

0DOODZDDUDFKFKL HW DO� ������ � � � � � �

3HQJ DQG /LX ������ � � � � � �

3KDP HW DO� ������ � � � � � �

6DOHK HW DO� ������ � � � � � �

6DQWRV HW DO� ������ � � � � � �

7DQ DQG 0LWUD ������ � � � � � �

$KPDGL�$ENHQDUL DQG 6HODPDW ������ � � ��� � � ���

%D\NDQ HW DO� ������ ��� � � � � ���

)HQJ HW DO� ������ ��� � � � � ���

.XPDU HW DO� ������ ��� � � � � ���

/LX DQG 'X ������ ��� � � � � ���

6H\IL HW DO� ������ ��� � � � � ���

6H\IL DQG 3DWHO ������ ��� � � � � ���

6OHLPDQ DQG &RUFKXHOR ������ ��� � � � � ���

7RUNHVWDQL ������ ��� � � � � ���

<DQJ ������ ��� � � � � ���

��



$33(1',; $� 6<67(0$7,& /,7(5$785( 5(9,(:� 48$/,7< $66(660(17

7DEOH $�� FRQWLQXHG IURP SUHYLRXV SDJH

6WXG\ 4� 4� 4� 4� 4� 6FRUH

%HGL HW DO� ������ � � � � � �

%ROGL HW DO� ������ � � � � � �

'X HW DO� ������ ��� � � ��� � �

+DR HW DO� ������ � � � � � �

/X HW DO� ������ � � � � � �

1LQJ HW DO� ������ � � � � � �

2QDQ ������ � � � � � �

3DWHO DQG 6FKPLGW ������ ��� � ��� � � �

=KDQJ DQG /X ������ ��� � � ��� � �

%HGL HW DO� ������ ��� � � � � ���

'DKLZDOH HW DO� ������ ��� � � � � ���

+DQ HW DO� ������ � � ��� � � ���

/, HW DO� ������ ��� � � � � ���

/LX DQG 0LOLRV ������ � � ��� � � ���

/LX DQG 3HQJ ������ ��� � � � � ���

6LQJK HW DO� ������ ��� � � � � ���

6XHEFKXD HW DO� ������ ��� � � � � ���

7D\ODQ HW DO� ������ ��� � � � � ���

:DQJ HW DO� ������ ��� � � � � ���

$OPXKDUHE ������ � � � � � �

$PDOLD HW DO� ������ � � � � � �

$PULQ HW DO� ������ � � � � � �

%DODML DQG 6DUXPDWKL ������ � � � � � �

*DQJXO\ DQG 5DLFK ������ � � � � � �

*DXU DQG 6KDUPD ������ � � � � � �

*XSWD DQG $QDQG ������ � � � � � �

+DVVDQ HW DO� ������ � � � � � �

.KDOLO DQG )DNLU ������ � � � � � �

/L HW DO� ������ � � � � � �

0DOL HW DO� ������ � � � � � �

0RU HW DO� ������ � � � � � �

3DZDU HW DO� ������ � � � � � �

5DMDODNVKPL DQG $UDYLQGDQ ������ � � � � � �

5KHLQOlQGHU HW DO� ������ � � � � � �

9HQX HW DO� ������ � � � � � �

��
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7DEOH $�� FRQWLQXHG IURP SUHYLRXV SDJH

6WXG\ 4� 4� 4� 4� 4� 6FRUH

:DL HW DO� ������ � � � � � �

:DQJ HW DO� ������ � � � � � �

;X HW DO� ������ � � � � � �

<DQ DQG 3DQ ������ � � � � � �

<DQJ DQG +VX ������ � � � � � �

<X HW DO� ������ � � � � � �

$OGHUUDWLD DQG (OVKHK ������ � � � ��� � ���

0DOL DQG 0HVKUDP ������ � � � ��� � ���

1DJKLEL DQG 5DKPDQL ������ � � ��� � � ���

g]HO ������ � � ��� � � ���

3DVDUL HW DO� ������ � � � � ��� ���

6HODPDW DQG $KPDGL�$ENHQDUL ������ ��� � ��� ��� � ���

=KHQJ ������ � � ��� � � ���

=KHQJ DQG 4LDQ ������ � � � ��� � ���

&KHQ HW DO� ������ � � ��� ��� � �

'HQJ ������ � � � � � �

*R\DO HW DO� ������ � � � � � �

*XSWD ������ � ��� � ��� � �

-DJDQDWKDQ DQG .DUWKLNH\DQ ������ � � ��� ��� � �

-RH 'KDQLWK DQG 6XUHQGLUDQ ������ � � � � � �

.XPDU HW DO� ������ � � ��� ��� � �

6KULYDVWDYD HW DO� ������ � � � � � �

;LH DQG ;LD ������ � ��� � ��� � �

-LDQ HW DO� ������ � � � ��� � ���

0LQKDV DQG .XPDU ������ � � � ��� � ���

3LUNROD DQG 7DOYHQVDDUL ������ � ��� � � � ���

4LX HW DO� ������ � � � ��� � ���

6KDQJ HW DO� ������ � � � ��� � ���

8HPXUD HW DO� ������ � ��� � � � ���

$JJDUZDO ������ � ��� ��� � � �

.XONDUQL HW DO� ������ � ��� � ��� � �

.XPDU DQG 9LJ ������ � � � ��� � ���

/XR HW DO� ������ � ��� ��� ��� � ���

��
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7DEOH $��� 4XDOLW\ $VVHVVPHQW� &KDWERW 'HYHORSPHQW

6WXG\ 4� 4� 4� 4� 4� 6FRUH

%DYDUHVFR HW DO� ������ � � � � � �

&KDNUDEDUWL DQG /XJHU ������ � � � � � �

*DR DQG 5HQ ������ � � � � � �

/L HW DO� ������ � � � � � �

1XUX]]DPDQ DQG +XVVDLQ ������ � � � � � �

<LQ HW DO� ������ � � � � � �

6]SHNWRU HW DO� ������ � � � ��� � ���

1XUX]]DPDQ DQG +XVVDLQ ������ � � � � � �

=KDQJ HW DO� ������ ��� � � � � ���

$GDPRSRXORX DQG 0RXVVLDGHV ������ � � � � � �

&KHQ HW DO� ������ � � � � � �

+XVVDLQ HW DO� ������ � � � � � �

1JX\HQ DQG 6KFKHUEDNRY ������ � � � � � �

&KRX DQG +VXHK ������ � � ��� � � ���

&KRZDQGD DQG &KRZDQGD ������ � � � ��� � ���

'D\ HW DO� ������ � � ��� � � ���

1XUX]]DPDQ DQG +XVVDLQ ������ � � � ��� � ���

&KDQGUD DQG 6X\DQWR ������ � � ��� ��� � �

9DPVL HW DO� ������ � � � � � �

3UDVVDQQD HW DO� ������ � � � � � �

=KDQJ HW DO� ������ � � ��� � � ���

��
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%
:HE &UDZOHU� $&+( &RQILJXUDWLRQ )LOH

7KH OLVWLQJV LQ WKLV $SSHQGL[ DUH WKH UHSUHVHQWDWLRQ RI WKH FRQILJXUDWLRQV XVHG WR VHWXS WKH $&+( :HE

&UDZOHU� GHILQHG LQ WKH DFKH�\PO ILOH�

%�� 7DUJHW 6WRUDJH

/LVWLQJ %��� $&+( 7DUJHW 6WRUDJH &RQILJXUDWLRQV

Ȭ ɖ 
�v³�� Ô¹ �v¬Î� �� ê¹Ø �¹³ɜÔ äv³Ô Ô¹ ÎÔ¹Ê� Çv��Î �¬vÎÎ����� vÎ �ÊÊ�¬�ãv³Ô

ȭ ÓvÉ��ÓɘÍÓ¸Év��ɐÍÓ¸É�ɘ²��vÓ�â�ɘÆv��Íɇ �v¬Î�

Ȯ

ȯ ɖ 
¹³���ØÊvÔ�¹³ �¹Ê �vÔv �¹Ê²vÔ ØÎ�� Ô¹ ÎÔ¹Ê� �Êvä¬�� �vÔv

Ȱ ÓvÉ��ÓɘÍÓ¸Év��ɐ�vÓvɘ�¸É±vÓɐÔêÇ�ɇ �'3�RmRW�8ɘ0R?9

ȱ ÓvÉ��ÓɘÍÓ¸Év��ɐ�vÓvɘ�¸É±vÓɐ��¬�ÍéÍÓ�±ɐ�vÍ�ɘ��¬�ɘ²v±�ɇ ÔÊØ�

Ȳ ÓvÉ��ÓɘÍÓ¸Év��ɐ�vÓvɘ�¸É±vÓɐ��¬�ÍéÍÓ�±ɐ�¸±ÆÉ�ÍÍɘ�vÓvɇ �v¬Î�

ȳ

ȴ ɖ K�Ê�¹Ê²Î �vÊ� �¹�ØÎ ¹Ê Î¹�Ô �¹�ØÎɗ g��³ �vÊ� �¹�ØÎ �Î �³v�¬��ɏ

Ȭȫ ɖ Ô�� �Êvä¬�Ê ¹³¬ê �¹¬¬¹äÎ ¬�³ªÎ �Ê¹² Çv��Î �¬vÎÎ����� vÎ Ê�¬�ãv³Ô

ȬȬ ÓvÉ��ÓɘÍÓ¸Év��ɐ�vÉ�ɘ�¸�×Íɇ �v¬Î�

Ȭȭ

ȬȮ ɖ NØ³ ��ÇvÊÔ�Ô� �Êvä¬�Ê

Ȭȯ ÓvÉ��ÓɘÍÓ¸Év��ɐ��ÆvÉÓ�Ó�ɇ �v¬Î�

ȬȰ

Ȭȱ ɖ 8vé�²Ø² ³Ø²��Ê ¹� Çv��Î Ô¹ ã�Î�Ô

ȬȲ ÓvÉ��ÓɘÍÓ¸Év��ɐâ�Í�Ó��ɘÆv��ɘ¬�±�Óɇ Ȭȫȫȫȫȫȫȫȫȫ

Ȭȳ

Ȭȴ ɖ RÔ¹Ê� ¹³¬ê Çv��Î Ô�vÔ �¹³Ôv�³ �³�¬�Î� Ô�éÔ ØÎ�³� ¬v³�Øv�� ��Ô��Ô¹Ê

ȭȫ ÓvÉ��ÓɘÍÓ¸Év��ɐ�²�¬�Í�ɘ¬v²�×v��ɘ��Ó��Ó�¸²ɘ�²v�¬��ɇ �v¬Î�

��
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%�� /LQN 6WRUDJH

/LVWLQJ %��� $&+( /LQN 6WRUDJH &RQILJXUDWLRQV

Ȭ ɖ 8vé ³Ø²��Ê ¹� Çv��Î Ô¹ �� �Êvä¬�� �Ê¹² �v�� ä�� �¹²v�³

ȭ ¬�²ªɘÍÓ¸Év��ɐ±vèɘÆv��ÍɘÆ�Éɘ�¸±v�²ɇ Ȭȫȫȫȫȫȫȫȫȫ

Ȯ ɖ N�ÎÔÊ��ÔÎ Ô�� �Êvä¬�Ê Ô¹ �Êvä¬ Ô�� ä��Î�Ô�Î ÇÊ¹ã���� vÎ Î���Î

ȯ ¬�²ªɘÍÓ¸Év��ɐ¬�²ªɘÍÓÉvÓ��éɐ×Í�ɘÍ�¸Æ�ɇ �v¬Î�

Ȱ ɖ ֱ¬¬¹äÎ Ô�� �Êvä¬�Ê Ô¹ �¹¬¬¹ä �¹ÊävÊ� ¬�³ªÎ

ȱ ¬�²ªɘÍÓ¸Év��ɐ¬�²ªɘÍÓÉvÓ��éɐ¸×Ó¬�²ªÍɇ ÔÊØ�

Ȳ ɖ  �ÔÎ �v�ª¬�³ªÎ ¹� Ô�� Çv��Î �Ê¹² v Î�vÊ�� �³��³� ØÎ�� �ê Ô�� ��ÇvÊÔ�Ô� �Êvä¬�³�

ȳ ¬�²ªɘÍÓ¸Év��ɐ¬�²ªɘÍÓÉvÓ��éɐ�v�ª¬�²ªÍɇ �v¬Î�

ȴ

Ȭȫ ɖ WêÇ� ¹� ¬�³ª �¬vÎÎ����Ê ØÎ�� �ê ¬�³ª ÎÔ¹Êv��

ȬȬ ɖ ʉ 3�³ª
¬vÎÎ����Ê�vÎ�¬�³�Ɏ Êv³�¹² ¬�³ª ÎÔÊvÔ��ê ä��³ ³¹ Çv�� �¬vÎÎ����Ê �Î ÇÊ¹ã����ɏ

Ȭȭ ɖ ¹Ê R¹Ø²�³ɜÎ �vÎ�¬�³� ÎÔÊvÔ��ê ä��³ v Çv�� �¬vÎÎ����Ê �Î ÇÊ¹ã����

ȬȮ ɖ ʉ 3�³ª
¬vÎÎ����Ê'²Ç¬Ɏ ¬�³ª ÎÔÊvÔ��ê ØÎ�³� v ¬�³ª �¬vÎÎ����Ê

Ȭȯ ɖ ʉ 3�³ª
¬vÎÎ����ÊֱØÔ�¹Ê�ÔêɎ ¬�³ª ÎÔÊvÔ��ê �¹Ê Ô�� ��ÇvÊÔ�Ô� �Êvä¬�³�

ȬȰ ¬�²ªɘÍÓ¸Év��ɐ¬�²ªɘ�¬vÍÍ����ÉɐÔêÇ�ɇ 3�²ª
¬vÍÍ����É�vÍ�¬�²�

Ȭȱ

ȬȲ ɖ N�ÔÊv�³ ¬�³ª �¬vÎÎ����ÊÎ ¹³ʉÔ��ʉ�¬ê

Ȭȳ ¬�²ªɘÍÓ¸Év��ɐ¸²¬�²�ɘ¬�vÉ²�²�ɐ�²v�¬��ɇ �v¬Î�

Ȭȴ

ȭȫ ¬�²ªɘÍÓ¸Év��ɐ¬�²ªɘÍ�¬��Ó¸Éɇ W¸Æª3�²ªR�¬��Ó¸É

ȭȬ

ȭȭ ɖ �³v�¬� Ê��Êvä¬�³� ¹� Î�Ô�²vÇÎ ØÎ�³� vÔ ��é�� Ô�²� �³Ô�Êãv¬Î ɼ�³ ²�³ØÔ�Îɽ

ȭȮ ¬�²ªɘÍÓ¸Év��ɐÉ��Évã¬ɘÍ�¬��Ó¸Éɇ R�Ó�±vÆÍN��Évã¬R�¬��Ó¸É

ȭȯ ¬�²ªɘÍÓ¸Év��ɐÉ��Évã¬ɘÍ�¬��Ó¸ÉɐÍ�Ó�±vÆÍɐ�²Ó�Éâv¬ɇ Ȯȱȫ ɖ ȱ �¹ØÊÎ

ȭȰ

ȭȱ ɖ ��Î�¹ã�Êê ¹� ³�ä ¬�³ªÎ ØÎ�³� Î�Ô�²vÇɗé²¬ ÇÊ¹Ô¹�¹¬

ȭȲ ¬�²ªɘÍÓ¸Év��ɐ�¸ã²¬¸v�ɘÍ�Ó�±vÆɘè±¬ɇ ÔÊØ�

ȭȳ

ȭȴ ¬�²ªɘÍÓ¸Év��ɐ±vèɘÍ�î�ɘ�v���ɘ×É¬Íɇ Ȭȫȫȫȫ

Ȯȫ

ȮȬ ɖ ��Ê��Ô¹Êê Ô¹ ÎÔ¹Ê� ¬�³ª ÎÔ¹Êv��ɜÎ �Ê¹³Ô��Ê �vÔv�vÎ�

Ȯȭ ¬�²ªɘÍÓ¸Év��ɐ��É��Ó¸Ééɇ ʙ�vÓvɘ×É¬ɗ��Éʙ

ȮȮ

Ȯȯ ¬�²ªɘÍÓ¸Év��ɐÍ����×¬�Éɐ�¸ÍÓɘ±�²ɘv���ÍÍɘ�²Ó�Éâv¬ɇ Ȱȫȫȫ

ȮȰ ¬�²ªɘÍÓ¸Év��ɐÍ����×¬�Éɐ±vèɘ¬�²ªÍɇ Ȭȫȫȫȫ

%�� &UDZOHU 0DQDJHU

/LVWLQJ %��� $&+( &UDZOHU 0DQDJHU &RQILJXUDWLRQV

Ȭ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ×Í�Éɘv��²Óɐ²v±�ɇ ֑
%�

��
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ȭ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ×Í�Éɘv��²Óɐ×É¬ɇ �ÓÓÆÍɇɗɗ��Ó�×�ɐ�¸±ɗf��֑ʐ9m[ɗv���

Ȯ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ×Í�Éɘv��²Óɐ�±v�¬ɇ vȳȫȭȱȬղv¬×²¸Íɐ×±�²�¸ɐÆÓ

ȯ

Ȱ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ�¸ã²¬¸v�ɘÓ�É�v�ɘÆ¸¸¬ɘÍ�î�ɇ Ȭȫȫ

ȱ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ±vèɘÉ�ÓÉéɘ�¸×²Óɇ Ȯ

Ȳ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐâv¬��ɘ±�±�ɘÓéÆ�Íɇ

ȳ ʐ Ó�èÓɗè±¬

ȴ ʐ Ó�èÓɗ�Ó±¬

Ȭȫ ʐ Ó�èÓɗÆ¬v�²

ȬȬ ʐ vÆÆ¬��vÓ�¸²ɗèʐvÍÆ

Ȭȭ ʐ vÆÆ¬��vÓ�¸²ɗè�Ó±¬̈è±¬

ȬȮ ʐ vÆÆ¬��vÓ�¸²ɗâ²�ɐãvÆɐè�Ó±¬̈è±¬

Ȭȯ

ȬȰ ɖ [Î� ?ª%ÔÔÇ��Ô���Ê �³ÎÔ�v� ¹� R�²Ç¬�%ÔÔÇ��Ô���Ê

Ȭȱ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ×Í�ɘ¸ª�ÓÓÆȮɘ��Ó���Éɇ ÔÊØ�

ȬȲ

Ȭȳ ɖ ¹ª�ÔÔÇȮ ÇÊ¹éê 
¹³���ØÊvÔ�¹³

Ȭȴ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ¸ª�ÓÓÆȮɐÆÉ¸èéɘ�¸ÍÓɇ ²×¬¬

ȭȫ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ¸ª�ÓÓÆȮɐÆÉ¸èéɘ×Í�É²v±�ɇ ²×¬¬

ȭȬ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ¸ª�ÓÓÆȮɐÆÉ¸èéɘÆvÍÍã¸É�ɇ ²×¬¬

ȭȭ �Évã¬�Éɘ±v²v��Éɐ�¸ã²¬¸v��Éɐ¸ª�ÓÓÆȮɐÆÉ¸èéɘÆ¸ÉÓɇ ȳȫȳȫ

��
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&RGH /LVWLQJV

7KLV $SSHQGL[ FRQWDLQV OLVWLQJV RI WKH FRGH XVHG WR EXLOG WKH DSSOLFDWLRQ�

&�� &KXQNLI\� 7RNHQL]H DQG *HW $QVZHU ZLWK %(57 PRGHO

/LVWLQJ &��� &KXQNLI\� 7RNHQL]H DQG *HW $QVZHU ZLWK %(57 PRGHO

Ȭ �²Ç¹ÊÔ Ó¸É��

ȭ �Ê¹² �¸¬¬��Ó�¸²Í �²Ç¹ÊÔ ?É��É�����Ó

Ȯ

ȯ ��� Ó¸ª�²�î�ɵÓ¸ª�²�î�ÉɈ ±¸��¬Ɉ È×�ÍÓ�¸²Ɉ Ó�èÓɶɇ

Ȱ �²Æ×ÓÍ ˮ Ó¸ª�²�î�Éɐ�²�¸��ɘÆ¬×ÍɵÈ×�ÍÓ�¸²Ɉ Ó�èÓɈ v��ɘÍÆ���v¬ɘÓ¸ª�²ÍˮWÉ×�Ɉ É�Ó×É²ɘÓ�²Í¸ÉÍˮʙÆÓʙ

↩→ ɶ

ȱ �²Æ×Óɘ��Í ˮ �²Æ×ÓÍɯʙ�²Æ×Óɘ��ÍʙɰɐÓ¸¬�ÍÓɵɶɯȫɰ

Ȳ

ȳ ��×²ª�� ˮ �v¬Í�

ȴ

Ȭȫ �� ¬�³ɵ�²Æ×Óɘ��Íɶ ˲ ±¸��¬ɐ�¸²���ɐ±vèɘÆ¸Í�Ó�¸²ɘ�±�����²�Íɇ

ȬȬ �²Æ×ÓÍ ˮ ��×²ª��éɵ�²Æ×ÓÍɶ

Ȭȭ ��×²ª�� ˮ WÉ×�

ȬȮ

Ȭȯ Ê�ÔØÊ³ ��×²ª��Ɉ �²Æ×ÓÍ

ȬȰ

Ȭȱ ��� ��×²ª��éɵ�²Æ×ÓÍɶɇ

ȬȲ ɖ �Ê�vÔ� ÉØ�ÎÔ�¹³ ²vÎª �vÎ�� ¹³ Ô¹ª�³ɟÔêÇ�ɟ��Î

Ȭȳ ɖ ãv¬Ø� �Î ȫ �¹Ê ÉØ�ÎÔ�¹³ Ô¹ª�³Îɏ Ȭ �¹Ê �¹³Ô�éÔ Ô¹ª�³Î

Ȭȴ È±vÍª ˮ �²Æ×ÓÍɯɕÓ¸ª�²ɘÓéÆ�ɘ��Íɕɰɐ¬ÓɵȬɶ

ȭȫ ÈÓ ˮ Ó¸É��ɐ±vÍª��ɘÍ�¬��Óɵ�²Æ×ÓÍɯɕ�²Æ×Óɘ��ÍɕɰɈ È±vÍªɶ

ȭȬ ��×²ªɘÍ�î� ˮ ±¸��¬ɐ�¸²���ɐ±vèɘÆ¸Í�Ó�¸²ɘ�±�����²�Í ʐ ÈÓɐÍ�î�ɵɶɯȫɰ ʐ Ȭ

��
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ȭȭ ɖ Ô�� ʒʉȬʒ v��¹Ø³ÔÎ �¹Ê �vã�³� Ô¹ v�� v³ �³��³� ɶR�Kɷ Ô¹ª�³ Ô¹ Ô�� �³�

ȭȮ

ȭȯ ɖ �Ê�vÔ� v ���Ô ¹� ���ÔÎɝ �v�� ÎØ�ʉ���Ô ²�²��Î Ô�� ÎÔÊØ�ÔØÊ� ¹� ÇÊ�ʉ��Ø³ª�� ²¹��¬ �³ÇØÔ

ȭȰ ��×²ª��ɘ�²Æ×Ó ˮ ?É��É�����Óɵɶ

ȭȱ �¹Ê ªɈâ �³ �²Æ×ÓÍɐ�Ó�±Íɵɶɇ

ȭȲ È ˮ Ó¸É��ɐ±vÍª��ɘÍ�¬��ÓɵâɈ È±vÍªɶ

ȭȳ � ˮ Ó¸É��ɐ±vÍª��ɘÍ�¬��ÓɵâɈ ˦È±vÍªɶ

ȭȴ ��×²ªÍ ˮ Ó¸É��ɐÍÆ¬�Óɵ�Ɉ ��×²ªɘÍ�î�ɶ

Ȯȫ

ȮȬ �¹Ê �Ɉ ��×²ª �³ �³Ø²�ÊvÔ�ɵ��×²ªÍɶɇ

Ȯȭ �� � ³¹Ô �³ ��×²ª��ɘ�²Æ×Óɇ

ȮȮ ��×²ª��ɘ�²Æ×Óɯ�ɰ ˮ ɭɮ

Ȯȯ

ȮȰ Ó��²� ˮ Ó¸É��ɐ�vÓɵɵÈɈ ��×²ªɶɶ

Ȯȱ �� � Ɍˮ ¬�³ɵ��×²ªÍɶʐȬɇ

ȮȲ �� ª ˮˮ ɕ�²Æ×Óɘ��Íɕɇ

Ȯȳ Ó��²� ˮ Ó¸É��ɐ�vÓɵɵÓ��²�Ɉ Ó¸É��ɐÓ�²Í¸ÉɵɯȬȫȭɰɶɶɶ

Ȯȴ �¬Î�ɇ

ȯȫ Ó��²� ˮ Ó¸É��ɐ�vÓɵɵÓ��²�Ɉ Ó¸É��ɐÓ�²Í¸ÉɵɯȬɰɶɶɶ

ȯȬ

ȯȭ ��×²ª��ɘ�²Æ×Óɯ�ɰɯªɰ ˮ Ó¸É��ɐ×²ÍÈ×��î�ɵÓ��²�Ɉ ��±ˮȫɶ

ȯȮ Ê�ÔØÊ³ ��×²ª��ɘ�²Æ×Ó

ȯȯ

ȯȰ

ȯȱ ��� �¸²â�ÉÓɘ��ÍɘÓ¸ɘÍÓÉ�²�ɵÓ¸ª�²�î�ÉɈ �²Æ×Óɘ��Íɶɇ

ȯȲ Ê�ÔØÊ³ Ó¸ª�²�î�Éɐ�¸²â�ÉÓɘÓ¸ª�²ÍɘÓ¸ɘÍÓÉ�²�ɵÓ¸ª�²�î�Éɐ�¸²â�ÉÓɘ��ÍɘÓ¸ɘÓ¸ª�²Íɵ�²Æ×Óɘ��Íɶɶ

ȯȳ

ȯȴ

Ȱȫ ��� ��Óɘv²Íã�ÉɵÓ¸ª�²�î�ÉɈ ±¸��¬Ɉ ��×²ª��Ɉ �²Æ×ÓÍɶɇ

ȰȬ �� ��×²ª��ɇ

Ȱȭ v²Íã�É ˮ ɕɕ

ȰȮ �¹Ê ªɈ ��×²ª �³ �²Æ×ÓÍɐ�Ó�±Íɵɶɇ

Ȱȯ v²Íã�ÉɘÍÓvÉÓɘÍ�¸É�ÍɈ v²Íã�Éɘ�²�ɘÍ�¸É�Í ˮ ±¸��¬ɵɃɃ��×²ªɶ

ȰȰ

Ȱȱ v²Íã�ÉɘÍÓvÉÓ ˮ Ó¸É��ɐvÉ�±vèɵv²Íã�ÉɘÍÓvÉÓɘÍ�¸É�Íɶ

ȰȲ v²Íã�Éɘ�²� ˮ Ó¸É��ɐvÉ�±vèɵv²Íã�Éɘ�²�ɘÍ�¸É�Íɶ ̈ Ȭ

Ȱȳ v²Í ˮ �¸²â�ÉÓɘ��ÍɘÓ¸ɘÍÓÉ�²�ɵÓ¸ª�²�î�ÉɈ ��×²ªɯɕ�²Æ×Óɘ��Íɕɰɯȫɰɯv²Íã�ÉɘÍÓvÉÓɇv²Íã�Éɘ�²�

↩→ ɰɶ

Ȱȴ �� v²Í Ɍˮ ɕɯ
3Rɰɕɇ

ȱȫ v²Íã�É ̈ˮ v²Í ̈ ʙ�ɗ�ʙ

ȱȬ Ê�ÔØÊ³ v²Íã�É

ȱȭ �¬Î�ɇ

ȱȮ v²Íã�ÉɘÍÓvÉÓɘÍ�¸É�ÍɈ v²Íã�Éɘ�²�ɘÍ�¸É�Í ˮ ±¸��¬ɵɃɃ�²Æ×ÓÍɶ

ȱȯ

��
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ȱȰ v²Íã�ÉɘÍÓvÉÓ ˮ Ó¸É��ɐvÉ�±vèɵv²Íã�ÉɘÍÓvÉÓɘÍ�¸É�Íɶ ɖ ��Ô Ô�� ²¹ÎÔ ¬�ª�¬ê ����³³�³� ¹�

↩→ v³Îä�Ê ä�Ô� Ô�� vÊ�²vé ¹� Ô�� Î�¹Ê�

ȱȱ v²Íã�Éɘ�²� ˮ Ó¸É��ɐvÉ�±vèɵv²Íã�Éɘ�²�ɘÍ�¸É�Íɶ ̈ Ȭ ɖ ��Ô Ô�� ²¹ÎÔ ¬�ª�¬ê �³� ¹� v³Îä�Ê

↩→ ä�Ô� Ô�� vÊ�²vé ¹� Ô�� Î�¹Ê�

ȱȲ

ȱȳ Ê�ÔØÊ³ �¸²â�ÉÓɘ��ÍɘÓ¸ɘÍÓÉ�²�ɵÓ¸ª�²�î�ÉɈ �²Æ×ÓÍɯɕ�²Æ×Óɘ��Íɕɰɯȫɰɯv²Íã�ÉɘÍÓvÉÓɇv²Íã�Éɘ�²�ɰɈ

↩→ Ó¸ª�²�î�Éɶ

&�� *HW $QVZHU ZLWK %(57 PRGHO XVLQJ D 3LSHOLQH

/LVWLQJ &��� *HW $QVZHU ZLWK %(57 PRGHO XVLQJ D 3LSHOLQH

Ȭ �²Ç¹ÊÔ Ó¸É��

ȭ �Ê¹² ÓÉv²Í�¸É±�ÉÍ �²Ç¹ÊÔ Æ�Æ�¬�²�Ɉ ��ÉÓW¸ª�²�î�ÉɈ ��ÉÓ�¸ÉM×�ÍÓ�¸²֑²Íã�É�²�

Ȯ

ȯ ɖ ²¹��¬ɟÇvÔ� �Î Ô�� ¬¹�vÔ�¹³ ¹� Ô�� �¹¬��Ê �¹³Ôv�³�³� Ô�� ÔÊv�³�� ��NW ²¹��¬ ��¬�Î

Ȱ

ȱ ɖ �³�Ô�v¬�ï� ��NW Ô¹ª�³�ï�Ê

Ȳ Ó¸ª�²�î�É ˮ ��ÉÓW¸ª�²�î�Éɐ�É¸±ɘÆÉ�ÓÉv�²��ɵ±¸��¬ɘÆvÓ�Ɉ ×Í�ɘ�vÍÓˮ�v¬Í�ɶ

ȳ

ȴ ɖ �³�Ô�v¬�ï� ��NW ²¹��¬

Ȭȫ ±¸��¬ ˮ ��ÉÓ�¸ÉM×�ÍÓ�¸²֑²Íã�É�²�ɐ�É¸±ɘÆÉ�ÓÉv�²��ɵ±¸��¬ɘÆvÓ�Ɉ É�Ó×É²ɘ���Óˮ�v¬Í�ɶ

ȬȬ

Ȭȭ ɖ �³�Ô�v¬�ï� Ô�� K�Ç�¬�³�

ȬȮ Æ�Æ� ˮ Æ�Æ�¬�²�ɵɕÈ×�ÍÓ�¸²ʐv²Íã�É�²�ɕɈ ±¸��¬ˮ±¸��¬Ɉ Ó¸ª�²�î�ÉˮÓ¸ª�²�î�Éɶ

Ȭȯ

ȬȰ ��� ��Óɘv²Íã�Éɘã�Ó�ɘÆ�Æ�¬�²�ɵÆ�Æ�Ɉ �¸²Ó�èÓɈ È×�ÍÓ�¸²ɶɇ

Ȭȱ v²Íã�É ˮ Æ�Æ�ɵ

ȬȲ ɭ

Ȭȳ ɕÈ×�ÍÓ�¸²ɕɇ È×�ÍÓ�¸²Ɉ

Ȭȴ ɕ�¸²Ó�èÓɕɇ �¸²Ó�èÓ

ȭȫ ɮ

ȭȬ ɶ

ȭȭ Ê�ÔØÊ³ v²Íã�É

��
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&29,'��� 7HVWLQJ 4$ 6HW ��� 4$ SDLUV�

7KLV DSSHQGL[ FRQWDLQV WKH 4$ VHW XVHG IRU WHVWLQJ WKH DSSOLFDWLRQ� ,W LV FRPSRVHG RI WHQ TXHVWLRQ�DQVZHU

SDLUV LQ (QJOLVK DQG WKHLU WUDQVODWLRQ WR 3RUWXJXHVH� 7KLV VHW ZDV DGDSWHG IURP &RURQDYLUXV GLVHDVH �&29,'�

��� )$4V�

'�� (QJOLVK 4$ 6HW

(14� +RZ GRHV &29,'��� VSUHDG"

6$56�&R9��� WKH YLUXV WKDW FDXVHV &29,'���� FDQ VSUHDG IURP SHUVRQ WR SHUVRQ WKURXJK GURSOHWV

SURGXFHG GXULQJ FRXJKLQJ RU EUHDWKLQJ GXULQJ FORVH FRQWDFW ZLWK DQ LQIHFWHG LQGLYLGXDO� ,QIHFWLRQ FDQ

DOVR RFFXU LQGLUHFW FRQWDFW ZKHQ WKHVH GURSOHWV ODQG RQ REMHFWV DQG VXUIDFHV DURXQG WKH LQIHFWHG

LQGLYLGXDO DQG WKH RWKHU SHUVRQ WRXFKHV WKHVH REMHFWV RU VXUIDFHV� WKHQ WRXFKHV WKHLU H\HV� QRVH

RU PRXWK� 7KLV LV ZK\ LW LV LPSRUWDQW WR VWD\ DW OHDVW ��� PHWHUV ���� IHHW� DZD\ IURP D SHUVRQ ZKR

LV VLFN� *LYHQ WKDW VRPH LQGLYLGXDOV KDYH QR V\PSWRPV ZKLOH VWLOO LQIHFWHG ZLWK WKH YLUXV� SK\VLFDO

GLVWDQFLQJ RI ��� PHWHUV VKRXOG EH REVHUYHG UHJDUGOHVV RI ZKHWKHU WKH RWKHU SHUVRQ VHHPV VLFN�

(14� :KDW DUH WKH V\PSWRPV RI &29,'���"

7KH PRVW FRPPRQ V\PSWRPV RI &29,'��� DUH IHYHU� FRXJK DQG IDWLJXH� 6RPH SDWLHQWV PD\ KDYH

ORVV RI WDVWH RU VPHOO� FRQMXQFWLYLWLV� KHDGDFKH� PXVFOH DFKHV DQG SDLQV� QDVDO FRQJHVWLRQ� UXQQ\

QRVH� VRUH WKURDW� GLDUUKHD� QDXVHD RU YRPLWLQJ� DQG GLIIHUHQW W\SHV RI VNLQ UDVKHV� 7KHVH V\PSWRPV

DUH XVXDOO\ PLOG DQG EHJLQ JUDGXDOO\� 6RPH SHRSOH EHFRPH LQIHFWHG EXW GRQ·W GHYHORS DQ\ V\PSWRPV

DQG GRQ·W IHHO XQZHOO� 0RVW SHRSOH �DERXW ���� UHFRYHU IURP WKH GLVHDVH ZLWKRXW QHHGLQJ VSHFLDO

PDQDJHPHQW� $SSUR[LPDWHO\ � RXW RI HYHU\ � SHRSOH ZKR JHW &29,'��� EHFRPHV VHULRXVO\ LOO DQG

GHYHORSV V\PSWRPV RI VHYHUH &29,'���� ZKLFK LQFOXGH GLIILFXOW\ EUHDWKLQJ�VKRUWQHVV RI EUHDWK�

FRQIXVLRQ� ORVV RI DSSHWLWH� SHUVLVWHQW SDLQ RU SUHVVXUH LQ WKH FKHVW� DQG QHHGV KRVSLWDOL]DWLRQ�

��
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2OGHU SHRSOH DQG WKRVH ZLWK XQGHUO\LQJ PHGLFDO SUREOHPV OLNH KLJK EORRG SUHVVXUH� KHDUW SUREOHPV

RU GLDEHWHV DUHPRUH OLNHO\ WR GHYHORS VHULRXV LOOQHVV� 3HRSOH ZLWK IHYHU� FRXJK DQG GLIILFXOW\ EUHDWKLQJ

VKRXOG VHHN PHGLFDO DWWHQWLRQ�

(14� +RZ GR , NQRZ LI LW LV &29,'��� RU MXVW WKH FRPPRQ FROG"

$ &29,'��� LQIHFWLRQ KDV VLPLODU VLJQV DQG V\PSWRPV DV WKH FRPPRQ FROG RU LQIOXHQ]D� DQG \RX

FDQ RQO\ GLIIHUHQWLDWH WKHP WKURXJK ODERUDWRU\ WHVWLQJ WR GHWHUPLQH WKH YLUXV W\SH�

(14� &DQ WKH YLUXV WKDW FDXVHV &29,'��� EH WUDQVPLWWHG WKURXJK WKH DLU"

6WXGLHV WR GDWH VXJJHVW WKDW WKH YLUXV WKDW FDXVHV &29,'��� LV PDLQO\ WUDQVPLWWHG WKURXJK UHVSLUDWRU\

GURSOHWV UDWKHU WKDQ WKURXJK WKH DLU� 6HH SUHYLRXV DQVZHU RQ ´+RZ GRHV &29,'��� VSUHDG"µ $HURVROV

PD\ EH JHQHUDWHG GXULQJ FHUWDLQ PHGLFDO SURFHGXUHV DQG RWKHU DFWLYLWLHV� VXFK DV VLQJLQJ� EXW DUH

QRW FRQVLGHUHG WKH SUHGRPLQDQW URXWH RI VSUHDG IRU WKLV LQIHFWLRQ�

(14� :KDW FDQ , GR WR SURWHFW P\VHOI DQG SUHYHQW WKH VSUHDG RI GLVHDVH"

5HYLHZ WKH ODWHVW LQIRUPDWLRQ RQ WKH &29,'��� SDQGHPLF DYDLODEOH LQ WKH :+2 ZHEVLWH DQG WKURXJK

\RXU QDWLRQDO DQG ORFDO SXEOLF KHDOWK DXWKRULW\� 7KH VLWXDWLRQ LV G\QDPLF VR FKHFN UHJXODUO\ IRU WKH

ODWHVW QHZV�

<RX FDQ UHGXFH \RXU FKDQFHV RI EHLQJ LQIHFWHG RU VSUHDGLQJ &29,'��� E\ WDNLQJ WKH IROORZLQJ

SUHFDXWLRQV�

� &OHDQ \RXU KDQGV UHJXODUO\ DQG WKRURXJKO\ ZLWK DQ DOFRKRO�EDVHG KDQG UXE RU ZDVK WKHP ZLWK

VRDS DQG ZDWHU� :DVKLQJ \RXU KDQGV ZLWK VRDS DQG ZDWHU RU XVLQJ DOFRKRO�EDVHG KDQG UXE NLOOV

YLUXVHV WKDW PD\ EH RQ \RXU KDQGV�

� 0DLQWDLQ DW OHDVW ����PHWHU ���� IHHW� GLVWDQFH EHWZHHQ \RXUVHOI DQG DQ\RQH ZKR LV FRXJKLQJ RU

VQHH]LQJ� :KHQ VRPHRQH FRXJKV RU VQHH]HV� WKH\ VSUD\ VPDOO OLTXLG GURSOHWV IURP WKHLU QRVH RU

PRXWK ZKLFK PD\ FRQWDLQ YLUXV� ,I \RX DUH WRR FORVH� \RX FDQ EUHDWKH LQ WKH GURSOHWV� LQFOXGLQJ WKH

&29,'��� YLUXV LI WKH SHUVRQ FRXJKLQJ RU VQHH]LQJ KDV WKH GLVHDVH�

� )ROORZ SK\VLFDO GLVWDQFLQJ UXOHV RI DW OHDVW ����PHWHU ���� IHHW� GLVWDQFH EHWZHHQ \RXUVHOI DQG

RWKHUV UHJDUGOHVV RI ZKHWKHU WKH\ DUH VKRZLQJ V\PSWRPV�

� $YRLG WRXFKLQJ \RXU H\HV� QRVH DQG PRXWK� +DQGV WRXFK PDQ\ VXUIDFHV DQG FDQ SLFN XS YLUXVHV�

2QFH FRQWDPLQDWHG� \RXU KDQGV FDQ WUDQVIHU WKH YLUXV WR \RXU H\HV� QRVH RU PRXWK� )URP WKHUH� WKH

YLUXV FDQ HQWHU \RXU ERG\ DQG FDQ PDNH \RX VLFN�

� 0DNH VXUH \RX DQG WKH SHRSOH DURXQG \RX IROORZ JRRG UHVSLUDWRU\ K\JLHQH� 7KLV PHDQV FRYHULQJ

\RXU PRXWK DQG QRVH ZLWK \RXU EHQW HOERZ RU WLVVXH ZKHQ FRXJKLQJ RU VQHH]LQJ� WKHQ GLVSRVLQJ

RI WKH XVHG WLVVXH LPPHGLDWHO\� 'URSOHWV VSUHDG YLUXV� %\ IROORZLQJ JRRG UHVSLUDWRU\ K\JLHQH� \RX

SURWHFW WKH SHRSOH DURXQG \RX IURP YLUXVHV VXFK DV WKH FRPPRQ FROG� IOX DQG &29,'����

��
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� 6WD\ KRPH LI \RX IHHO XQZHOO� ,I \RX KDYH D IHYHU� FRXJK DQG GLIILFXOW\ EUHDWKLQJ� VHHN PHGLFDO

DWWHQWLRQ DQG FDOO LQ DGYDQFH� )ROORZ WKH GLUHFWLRQV RI \RXU ORFDO KHDOWK DXWKRULW\� 1DWLRQDO DQG

ORFDO DXWKRULWLHV ZLOO KDYH WKH PRVW XS WR GDWH LQIRUPDWLRQ RQ WKH VLWXDWLRQ LQ \RXU DUHD� &DOOLQJ LQ

DGYDQFH ZLOO DOORZ \RXU KHDOWK FDUH SURYLGHU WR TXLFNO\ GLUHFW \RX WR WKH ULJKW KHDOWK IDFLOLW\� 7KLV ZLOO

DOVR SURWHFW \RX DQG KHOS SUHYHQW VSUHDG RI YLUXVHV DQG RWKHU LQIHFWLRQV�

� :HDU D PDVN IRU WKH GXUDWLRQ RI \RXU LOOQHVV DQG ZKLOH \RX KDYH V\PSWRPV�DV VRXUFH FRQWURO WR

SUHYHQW RQZDUG VSUHDG RI &29,'��� LI \RX DUH LQIHFWHG�

� :HDU D PDVN DV SDUW RI WKH FRPSUHKHQVLYH SXEOLF KHDOWK PHDVXUHV WDUJHWHG WR SUHYHQW WKH VSUHDG

RI &29,'��� HYHQ LI \RX GR QRW KDYH V\PSWRPV DQG�RU DUH QRW LQIHFWHG�

� .HHS XS WR GDWH RQ WKH ODWHVW &29,'��� KRWVSRWV �FLWLHV RU ORFDO DUHDV ZKHUH &29,'��� LV VSUHDGLQJ

ZLGHO\�� ,I SRVVLEOH� DYRLG WUDYHOLQJ WR WKRVH SODFHV ² HVSHFLDOO\ LI \RX DUH DQ ROGHU SHUVRQ RU KDYH

GLDEHWHV� KHDUW RU OXQJ GLVHDVH� EHFDXVH \RX KDYH D KLJKHU FKDQFH RI FDWFKLQJ &29,'��� LQ RQH RI

WKHVH DUHDV�

(14� 6KRXOG , ZHDU D PDVN ZKLOH H[HUFLVLQJ"

7KH :+2 UHFRPPHQGV WKDW PDVNV QRW EH ZRUQ GXULQJ YLJRURXV SK\VLFDO DFWLYLW\� 3OHDVH HQVXUH D

����PHWHU GLVWDQFH IURP RWKHUV ZKHQ H[HUFLVLQJ DQG WKDW WKHUH LV DGHTXDWH YHQWLODWLRQ�

(14� $UH WKH V\PSWRPV RI &29,'��� GLIIHUHQW LQ FKLOGUHQ WKDQ LQ DGXOWV"

7KH V\PSWRPV RI &29,'��� DUH VLPLODU LQ FKLOGUHQ DQG DGXOWV� +RZHYHU� FKLOGUHQ ZLWK FRQILUPHG

&29,'��� KDYH JHQHUDOO\ SUHVHQWHG ZLWK PLOG V\PSWRPV� $OWKRXJK FKLOGUHQ WHQG WR KDYH D PLOGHU

GLVHDVH� FULWLFDO LOOQHVV KDYH EHHQ UHSRUWHG� $ &29,'��� 0XOWLV\VWHP ,QIODPPDWRU\ 6\QGURPH LQ

&KLOGUHQ �0,6�&� KDV DOVR EHHQ GHVFULEHG LQ FKLOGUHQ DQG DGROHVFHQWV�

(14� $UH DQWLELRWLFV HIIHFWLYH LQ SUHYHQWLQJ RU WUHDWLQJ &29,'���"

$QWLELRWLFV DUH XVHG WR WUHDW EDFWHULDO LQIHFWLRQV� 6LQFH &29,'��� LV D YLUXV� DQWLELRWLFV DUH QRW LQGL�

FDWHG IRU WKH GLUHFW WUHDWPHQW� +RZHYHU� LW PD\ EH UHTXLUHG LQ VRPH LQVWDQFHV� VXFK DV IRU WUHDWLQJ

VHFRQGDU\ EDFWHULDO LQIHFWLRQV�

(14� &DQ KXPDQV EHFRPH LQIHFWHG ZLWK &29,'��� IURP DQ DQLPDO VRXUFH"

3RVVLEOH DQLPDO VRXUFHV RI &29,'��� KDYH QRW \HW EHHQ FRQILUPHG WKRXJK DUH SRVWXODWHG� 7R SURWHFW

\RXUVHOI� VXFK DV ZKHQ YLVLWLQJ OLYH DQLPDO PDUNHWV� DYRLG GLUHFW FRQWDFW ZLWK DQLPDOV DQG VXUIDFHV

LQ FRQWDFW ZLWK DQLPDOV� (QVXUH JRRG IRRG VDIHW\ SUDFWLFHV DW DOO WLPHV� +DQGOH UDZ PHDW� PLON RU

DQLPDO RUJDQV ZLWK FDUH WR DYRLG FRQWDPLQDWLRQ RI XQFRRNHG IRRGV DQG DYRLG FRQVXPLQJ UDZ RU

XQGHUFRRNHG DQLPDO SURGXFWV�

(14�� +RZ ORQJ GRHV WKH YLUXV VXUYLYH RQ VXUIDFHV"

,W LV QRW FHUWDLQ KRZ ORQJ WKH YLUXV WKDW FDXVHV &29,'��� VXUYLYHV RQ VXUIDFHV� EXW LW VHHPV WR EHKDYH

OLNH RWKHU FRURQDYLUXVHV� 6WXGLHV VXJJHVW WKDW FRURQDYLUXVHV �LQFOXGLQJ SUHOLPLQDU\ LQIRUPDWLRQ RQ

��
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WKH &29,'��� YLUXV� PD\ SHUVLVW RQ VXUIDFHV IRU D IHZ KRXUV RU XS WR VHYHUDO GD\V� 7KLV PD\ YDU\

XQGHU GLIIHUHQW FRQGLWLRQV �H�J� W\SH RI VXUIDFH� WHPSHUDWXUH RU KXPLGLW\ RI WKH HQYLURQPHQW��

,I \RX WKLQN D VXUIDFH PD\ EH LQIHFWHG� FOHDQ LW ZLWK VLPSOH GLVLQIHFWDQW WR NLOO WKH YLUXV DQG SURWHFW

\RXUVHOI DQG RWKHUV� &OHDQLQJ \RXU KDQGV ZLWK DQ DOFRKRO�EDVHG KDQG UXE RU ZDVKLQJ WKHP ZLWK

VRDS DQG ZDWHU LV YHU\ LPSRUWDQW� $YRLG WRXFKLQJ \RXU H\HV� PRXWK� RU QRVH�

'�� 3RUWXJXHVH 4$ 6HW

374� &RPR VH WUDQVPLWH D &29,'���"

2 6$56�&R9��� R YtUXV TXH FDXVD D &29,'���� SRGH VH HVSDOKDU GH SHVVRD SDUD SHVVRD SRU PHLR GH

JRWtFXODV SURGX]LGDV GXUDQWH D WRVVH RX UHVSLUDomR GXUDQWH R FRQWDWR SUy[LPR FRP XP LQGLYtGXR

LQIHWDGR� $ LQIHomR WDPEpP SRGH RFRUUHU SRU FRQWDWR LQGLUHWR� TXDQGR HVVDV JRWtFXODV SRXVDP

HP REMHWRV H VXSHUItFLHV DR UHGRU GR LQGLYtGXR LQIHWDGR H D RXWUD SHVVRD WRFD HVVHV REMHWRV RX

VXSHUItFLHV H� D VHJXLU� WRFD VHXV ROKRV� QDUL] RX ERFD� e SRU LVVR TXH p LPSRUWDQWH ILFDU D SHOR

PHQRV � D � PHWURV �� D � SpV� GH GLVWkQFLD GH XPD SHVVRD GRHQWH� 'DGR TXH DOJXQV LQGLYtGXRV

QmR DSUHVHQWDP VLQWRPDV TXDQGR HVWmR LQIHWDGRV FRP R YtUXV� GHYH�VH PDQWHU XP GLVWDQFLDPHQWR

ItVLFR GH ��� PHWURV� LQGHSHQGHQWHPHQWH GH D RXWUD SHVVRD SDUHFHU GRHQWH RX QmR�

374� 4XDLV VmR RV VLQWRPDV GD &29,'���"

2V VLQWRPDV PDLV FRPXQV GH &29,'��� VmR IHEUH� WRVVH H IDGLJD� $OJXQV SDFLHQWHV SRGHP DS�

UHVHQWDU SHUGD GH SDODGDU RX ROIDWR� FRQMXQWLYLWH� GRU GH FDEHoD� GRUHV PXVFXODUHV� FRQJHVWmR

QDVDO� FRUULPHQWR QDVDO� GRU GH JDUJDQWD� GLDUUHLD� QiXVHD RX YyPLWR H GLIHUHQWHV WLSRV GH HUXSo}HV

FXWkQHDV� (VVHV VLQWRPDV VmR JHUDOPHQWH OHYHV H FRPHoDP JUDGXDOPHQWH� $OJXPDV SHVVRDV ILFDP

LQIHWDGDV� PDV QmR GHVHQYROYHP TXDLVTXHU VLQWRPDV H QmR VH VHQWHP PDO� $ PDLRULD GDV SHVVRDV

�FHUFD GH �� �� UHFXSHUD GD GRHQoD VHP SUHFLVDU GH WUDWDPHQWR HVSHFLDO� $SUR[LPDGDPHQWH �

HP FDGD � SHVVRDV TXH DSDQKDP &29,'��� ILFD JUDYHPHQWH GRHQWH H GHVHQYROYH VLQWRPDV GH

&29,'��� JUDYH� TXH LQFOXHP GLILFXOGDGH HP UHVSLUDU � IDOWD GH DU� FRQIXVmR� SHUGD GH DSHWLWH� GRU

SHUVLVWHQWH RX SUHVVmR QR SHLWR H SUHFLVD GH KRVSLWDOL]DomR � ,GRVRV H SHVVRDV FRP SUREOHPDV

PpGLFRV VXEMDFHQWHV� FRPR KLSHUWHQVmR� SUREOHPDV FDUGtDFRV RX GLDEHWHV� WrP PDLRU SUREDELOL�

GDGH GH GHVHQYROYHU VLQWRPDV JUDYHV� 3HVVRDV FRP IHEUH� WRVVH H GLILFXOGDGH UHVSLUDWyULD GHYHP

SURFXUDU DWHQGLPHQWR PpGLFR�

374� &RPR SRVVR VDEHU VH WHQKR &29,'��� RX XPD FRQVWLSDomR"

8PD LQIHomR SRU &29,'��� WHP VLQDLV H VLQWRPDV VHPHOKDQWHV DRV GD FRQVWLSDomR FRPXP RX

JULSH� H Vy VH SRGH GLIHUHQFLi�ORV SRU PHLR GH WHVWHV ODERUDWRULDLV SDUD GHWHUPLQDU R WLSR GH YtUXV�

374� 2 YtUXV TXH WUDQVPLWH D &29,'��� SRGH VHU WUDQVPLWLGR SHOR DU"

��
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2V HVWXGRV DWp DR PRPHQWR LQGLFDP TXH R YtUXV TXH FDXVD &29,'��� p WUDQVPLWLGR SULQFLSDOPHQWH

SRU JRWtFXODV UHVSLUDWyULDV� H QmR SHOR DU� &RQVXOWH D UHVSRVWD DQWHULRU HP ´&RPR VH WUDQVPLWH D

&29,'���"µ� $HURVVyLV SRGHP VHU JHUDGRV GXUDQWH FHUWRV SURFHGLPHQWRV PpGLFRV H RXWUDV DWLYL�

GDGHV� FRPR FDQWDU� PDV QmR VmR FRQVLGHUDGRV R PpWRGR SUHGRPLQDQWH GH SURSDJDomR GHVWD

LQIHomR�

374� 2 TXH SRVVR ID]HU SDUD PH SURWHJHU H HYLWDU D GLVVHPLQDomR GD GRHQoD"

5HYHMD DV LQIRUPDo}HV PDLV UHFHQWHV VREUH D SDQGHPLD GH &29,'��� GLVSRQtYHLV QR VLWH GD 206

RX DWUDYpV GD VXD DXWRULGDGH QDFLRQDO H ORFDO GH VD~GH S~EOLFD� $ VLWXDomR p GLQkPLFD� SRUWDQWR�

YHULILTXH UHJXODUPHQWH DV ~OWLPDV QRWtFLDV�

3RGH UHGX]LU DV KLSyWHVHV GH HVWDU LQIHFWDGR RX HVSDOKDU &29,'��� WHQGR HP FRQVLGHUDomR DV

VHJXLQWHV SUHFDXo}HV�

� /LPSH DV PmRV UHJXODUPHQWH H FXLGDGRVDPHQWH FRP XP SURGXWR j EDVH GH iOFRRO RX ODYH�DV FRP

iJXD H VDEmR� /DYDU DV PmRV FRP iJXD H VDEmR RX XVDU XP SURGXWR j EDVH GH iOFRRO HOLPLQD RV

YtUXV TXH SRGHP HVWDU QDV VXDV PmRV�

� 0DQWHQKD XPD GLVWkQFLD GH SHOR PHQRV ��� PHWURV ���� SpV� HQWUH VL H TXDOTXHU SHVVRD TXH HVWHMD

D WRVVLU RX D HVSLUUDU� 4XDQGR DOJXpP WRVVH RX HVSLUUD� SHTXHQDV JRWDV GH OtTXLGR GR QDUL] RX GD

ERFD TXH SRGHP FRQWHU YtUXV VmR HVSDOKDGDV� 6H HVWLYHU PXLWR SHUWR� SRGH UHVSLUDU DV JRWtFXODV�

LQFOXLQGR R YtUXV &29,'���� VH D SHVVRD TXH WRVVH RX HVSLUUD WHP D GRHQoD�

� 6LJD DV UHJUDV GH GLVWDQFLDPHQWR ItVLFR GH SHOR PHQRV � D � PHWURV �� D � SpV� GH GLVWkQFLD HQWUH

VL H RV RXWURV� LQGHSHQGHQWHPHQWH GH DSUHVHQWDUHP RX QmR VLQWRPDV�

� (YLWH WRFDU QRV ROKRV� QDUL] H ERFD� $V PmRV WRFDP HP PXLWDV VXSHUItFLHV H SRGHP DSDQKDU YtUXV�

8PD YH] FRQWDPLQDGDV� DV VXDV PmRV SRGHP WUDQVIHULU R YtUXV SDUD RV VHXV ROKRV� QDUL] RX ERFD�

$ SDUWLU GDt� R YtUXV SRGH HQWUDU QR VHX FRUSR H GHL[i�OR GRHQWH�

� &HUWLILTXH�VH GH TXH R SUySULR H DV SHVVRDV DR VHX UHGRU VHJXHP XPD ERD KLJLHQH H HWLTXHWD

UHVSLUDWyULD� ,VVR VLJQLILFD FREULU D ERFD H R QDUL] FRP R FRWRYHOR GREUDGR RX FRP XP OHQoR GH SDSHO

DR WRVVLU RX HVSLUUDU H� HP VHJXLGD� GHVFDUWDU R OHQoR XVDGR LPHGLDWDPHQWH� $V JRWDV HVSDOKDP

YtUXV� $R VHJXLU XPD ERD KLJLHQH UHVSLUDWyULD� SURWHJH DV SHVVRDV DR VHX UHGRU GH YtUXV FRPR D

FRQVWLSDomR FRPXP� JULSH H &29,'����

� )LTXH HP FDVD VH QmR VH VHQWLU EHP� 6H WLYHU IHEUH� WRVVH H GLILFXOGDGH HP UHVSLUDU� SURFXUH

DWHQGLPHQWR PpGLFR H OLJXH FRP DQWHFHGrQFLD� 6LJD DV LQVWUXo}HV GD DXWRULGDGH GH VD~GH ORFDO� $V

DXWRULGDGHV QDFLRQDLV H ORFDLV WHUmR DV LQIRUPDo}HV PDLV DWXDOL]DGDV VREUH D VLWXDomR QD VXD iUHD�

/LJDU FRP DQWHFHGrQFLD SHUPLWLUi TXH R VHX PpGLFR R HQFDPLQKH UDSLGDPHQWH SDUD D XQLGDGH GH

VD~GH FHUWD� ,VVR WDPEpP R SURWHJHUi H DMXGDUi D SUHYHQLU D SURSDJDomR GH YtUXV H RXWUDV LQIHo}HV�

� 8VH XPD PiVFDUD GXUDQWH D GRHQoD H HQTXDQWR WLYHU VLQWRPDV� GH PDQHLUD D HYLWDU D SURSDJDomR

GH &29,'��� VH HVWLYHU LQIHFWDGR�

���
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� 8VH XPD PiVFDUD FRPR SDUWH GDV PHGLGDV DEUDQJHQWHV GH VD~GH S~EOLFD GHVWLQDGDV D SUHYHQLU

D SURSDJDomR GH &29,'���� PHVPR QmR WHQGR VLQWRPDV H�RX QmR HVWLYHU LQIHFWDGR�

� 0DQWHQKD�VH DWXDOL]DGR VREUH RV SRQWRV GH DFHVVR &29,'��� PDLV UHFHQWHV �FLGDGHV RX iUHDV

ORFDLV RQGH D &29,'��� HVWi D HVSDOKDU�VH DPSODPHQWH�� 6H SRVVtYHO� HYLWH YLDMDU SDUD HVVHV OXJDUHV�

HVSHFLDOPHQWH VH IRU XPD SHVVRD LGRVD RX WLYHU GLDEHWHV� GRHQoD FDUGtDFD RX SXOPRQDU� SRUTXH

WHP XPD PDLRU SUREDELOLGDGH GH DSDQKDU &29,'��� QXPD GHVVDV iUHDV�

374� 'HYR XVDU PiVFDUD HQTXDQWR IDoR H[HUFtFLR"

$ 206 UHFRPHQGD TXH DV PiVFDUDV QmR VHMDP XWLOL]DGDV GXUDQWH DWLYLGDGHV ItVLFDV YLJRURVDV�

&HUWLILTXH�VH GH TXH PDQWHQKD XPD GLVWkQFLD GH ��� PHWURV GH RXWUDV SHVVRDV DR H[HUFLWDU�VH H

GH TXH KDMD YHQWLODomR DGHTXDGD�

374� 2V VLQWRPDV GD &29,'��� VmR GLIHUHQWHV QRV DGXOWRV H QDV FULDQoDV"

2V VLQWRPDV GH &29,'��� VmR VHPHOKDQWHV HP FULDQoDV H DGXOWRV� 1R HQWDQWR� DV FULDQoDV FRP

&29,'��� FRQILUPDGR JHUDOPHQWH DSUHVHQWDP VLQWRPDV OHYHV� (PERUD DV FULDQoDV WHQGDP D WHU

XPD GRHQoD OHYH� VLQWRPDV FUtWLFRV IRUDP WDPEpP UHODWDGRV� 8P VtQGURPH LQIODPDWyULR PXOWL�

VVLVWpPLFR &29,'��� HP FULDQoDV �0,6�&� WDPEpP IRL REVHUYDGR HP FULDQoDV H DGROHVFHQWHV�

374� 2V DQWLELyWLFRV VmR HILFD]HV QD SUHYHQomR RX WUDWDPHQWR GD &29,'���"

$QWLELyWLFRV VmR XVDGRV SDUD WUDWDU LQIHo}HV EDFWHULDQDV� 3RU VHU R &29,'��� XP YtUXV� RV DQWLELyWL�

FRV QmR VmR LQGLFDGRV SDUD R WUDWDPHQWR GLUHWR� 1R HQWDQWR� SRGHP VHU QHFHVViULRV HP DOJXQV

FDVRV� FRPR SDUD R WUDWDPHQWR GH LQIHo}HV EDFWHULDQDV VHFXQGiULDV�

374� 2V KXPDQRV SRGHP VHU LQIHWDGRV FRP D &29,'��� DWUDYpV GH DQLPDLV"

3RVVtYHLV IRQWHV DQLPDLV GH &29,'��� DLQGD QmR IRUDP FRQILUPDGDV� HPERUD VHMDP SRVWXODGDV�

3DUD VH SURWHJHU� FRPR DR YLVLWDU PHUFDGRV GH DQLPDLV YLYRV� HYLWH R FRQWDWR GLUHWR FRP DQLPDLV H

VXSHUItFLHV HP FRQWDWR FRP RV DQLPDLV� *DUDQWD ERDV SUiWLFDV GH VHJXUDQoD DOLPHQWDU HP WRGRV

RV PRPHQWRV� 0DQXVHLH FDUQH FUXD� OHLWH RX yUJmRV GH DQLPDLV FRP FXLGDGR SDUD HYLWDU D FRQWDP�

LQDomR GH DOLPHQWRV FUXV H HYLWH FRQVXPLU SURGXWRV GH RULJHP DQLPDO FUXV RX PDO FR]LQKDGRV�

374�� 4XDQWR WHPSR VREUHYLYH R YtUXV QDV VXSHUItFLHV"

1mR VH VDEH DR FHUWR TXDQWR WHPSR R YtUXV TXH FDXVD D &29,'��� VREUHYLYH HP VXSHUItFLHV� PDV

SDUHFH FRPSRUWDU�VH FRPR RXWURV FRURQDYtUXV� (VWXGRV VXJHUHP TXH RV FRURQDYtUXV �LQFOXLQGR

LQIRUPDo}HV SUHOLPLQDUHV VREUH R YtUXV GD &29,'���� SRGHP SHUVLVWLU QDV VXSHUItFLHV SRU DOJXPDV

KRUDV RX DWp YiULRV GLDV� ,VVR SRGH YDULDU HP GLIHUHQWHV FRQGLo}HV �SRU H[HPSOR� WLSR GH VXSHUItFLH�

WHPSHUDWXUD RX KXPLGDGH GR DPELHQWH��

6H DFKD TXH XPD VXSHUItFLH SRGH HVWDU LQIHWDGD� OLPSH�D FRP XP GHVLQIHWDQWH VLPSOHV SDUD PDWDU

R YtUXV H SURWHJHU�VH D VL H D RXWUDV SHVVRDV� e PXLWR LPSRUWDQWH OLPSDU DV PmRV FRP XP SURGXWR

j EDVH GH iOFRRO RX ODYi�ODV FRP iJXD H VDEmR� (YLWH WRFDU QRV VHXV ROKRV� ERFD RX QDUL]�

���
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