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$ORQJVLGH�WKH�UHFHQW�H[SORVLRQ�RI�LQWHUQHW�FRPPXQLFDWLRQV��PDOLFLRXV�DFWLYLWLHV�KDYH

LQFUHDVHG�IURP�EDG�DFWRUV��LQFOXGLQJ�EODFN�KDW�KDFNHUV��QDWLRQ�VWDWH�DGYHUVDULHV��DQG�KDFNWLYLVWV�

7KHVH�DWWDFNV�UDQJH�IURP�PDOZDUH��VSDP��DQG�FRYHUW�DWWDFNV�GHVLJQHG�WR�LQILOWUDWH�V\VWHPV�DQG�WR

H[ILOWUDWH�VHQVLWLYH�GDWD��7KLV�KDV�SURPRWHG�WKH�LPSRUWDQFH�RI�IDVW�DQG�DFFXUDWH�DWWDFN�GHWHFWLRQ�LQ

QHWZRUN�VHFXULW\�PRQLWRULQJ��'HWHFWLQJ�DQ�DWWDFN�TXLFNO\�DQG�DFFXUDWHO\�FDQ�UHVXOW�LQ�TXLFNHU

UHPHGLDWLRQ�DQG�UHGXFWLRQV�LQ�PRQHWDU\�DQG�GDWD�ORVV��,Q�WKH�ODVW�WHQ�\HDUV��LQFUHDVHV�LQ

FRPSXWDWLRQDO�SRZHU�KDYH�OHG�WR�WKH�XVH�RI�PDFKLQH�OHDUQLQJ�DOJRULWKPV�IRU�WKLV�WDVN� $OJRULWKPV

KDYH�EHHQ�GHVLJQHG�XVLQJ�IHDWXUHV�H[WUDFWHG�IURP�GDWD�DW�DOO�QHWZRUN�OD\HUV�

6LQFH�������WKH�'RPDLQ�1DPH�6\VWHP��'16��KDV�EHHQ�DQ�HVVHQWLDO�FRPSRQHQW�RI�WKH

LQWHUQHW��'16�LV�D�V\VWHP�WKDW�SURYLGHV�D�PDSSLQJ�EHWZHHQ�GRPDLQ�QDPHV�WKDW�DUH�HDV\�WR

UHPHPEHU��H�J��JRRJOH�FRP��DQG�,3�DGGUHVVHV�WKDW�FRPSXWHUV�XVH�WR�FRPPXQLFDWH��H�J������������

7KHVH�'16�PDSSLQJV�DUH�FDOOHG�³UHFRUGV´��DQG�UHTXHVWV�WR�'16�VHUYHUV�IRU�UHFRUGV�DUH�FDOOHG

³TXHULHV�´�0DOLFLRXV�XVHUV�FRPPRQO\�XVH�'16�WR�DLG�WKHLU�DWWDFNV��VSDPPHUV�W\SRVTXDW�SRSXODU

GRPDLQ�QDPHV��H�J��JR�JOH�FRP�RU�JRRRJOH�FRP�RU�JRRJOH�WN��WR�HQDFW�SKLVKLQJ�FDPSDLJQV�DQG

PDOZDUH�JHQHUDWHV�KDUG�WR�SUHGLFW�GRPDLQ�QDPHV�WKDW�DFFHVV�FRPPDQG�DQG�FRQWURO��&���VHUYHUV

VSUHDG�DFURVV�WKH�LQWHUQHW��7KLV�OHG�WR�WKH�FUHDWLRQ�RI�VHYHUDO�V\VWHPV�GHVLJQHG�WR�HYDOXDWH�WKH

UHSXWDWLRQ�RI�'16�UHFRUGV�

'16�UHSXWDWLRQ�V\VWHPV�DUH�EDVHG�RQ�WKH�DQDO\VLV�RI�'16�UHFRUGV�DQG�TXHULHV��'16�TXHULHV

KDYH�EHHQ�VWXGLHG�WKURXJK�DFWLYH�'16�GDWD��ZKHUH�V\VWHPV�DXWRPDWLFDOO\�UHTXHVW�GRPDLQV

LQWHQGLQJ�WR�FROOHFW�ORQJLWXGLQDO�GDWD��SDVVLYH�'16�GDWD��ZKHUH�'16�UHTXHVWV�IURP�UHDO�XVHUV�DUH

�



PRQLWRUHG�E\�D�QHWZRUN�VHQVRU��DQG�SXEOLF�]RQH�GDWD��ZKHUH�SXEOLF�GDWD�IURP�'16�DXWKRULWLHV�LV

DQDO\]HG��$�YDULHW\�RI�PDFKLQH�OHDUQLQJ�WHFKQLTXHV�KDYH�EHHQ�XVHG�IRU�WKH�WDVN�RI�FODVVLI\LQJ

GRPDLQV��LQFOXGLQJ�UDQGRP�IRUHVWV��N�QHDUHVW�QHLJKERUV��DQG�UHFHQWO\��QHXUDO�QHWZRUNV��(DFK�RI

WKHVH�WHFKQLTXHV�XVHV�SDWWHUQ�UHFRJQLWLRQ�DQG�VWDWLVWLFV�WR�GHWHFW�PDOLFLRXV�GRPDLQV��:LWK�WKH

WHFKQLTXHV��KRZHYHU��FRPH�WKH�DGYDQFHV�RI�DGYHUVDULDO�PHWKRGV�GHVLJQHG�WR�SRLVRQ�DQG�HYDGH�WKHVH

PRGHOV��:KLOH�ERWK�JHQHULF�DWWDFNV�RQ�PDFKLQH�OHDUQLQJ�PRGHOV�DQG�VSHFLILF�DWWDFNV�RQ�FRPPRQ

0DFKLQH�/HDUQLQJ�WDVNV�OLNH�REMHFW�GHWHFWLRQ�KDYH�EHHQ�DFKLHYHG��WKHUH�LV�D�JDS�LQ�DWWDFNV�RQ

QHWZRUN�VHFXULW\�DOJRULWKPV��5HFHQW�UHVHDUFK�KDV�VKRZQ�WKDW�WKH�QDUURZHU�ILHOG�RI�VHFXULW\�SURYLGHV

JURXQG�IRU�QHZ�WHFKQLTXHV�LQ�DGYHUVDULDO�DWWDFNV�DQG�FUHDWLQJ�PRGHOV�WKDW�SURYLGH�UREXVWQHVV

DJDLQVW�WKHP�>�@�

7KLV�SURMHFW�DQDO\]HV�WKH�UREXVWQHVV�RI�WZR�SURPLQHQW�PRGHOV�IRU�'16�UHSXWDWLRQ��QDPHO\

1RWRV >�@��DQG ([SRVXUH >�@� WR�SUDFWLFDO�DGYHUVDULDO DWWDFNV��,Q�RUGHU�WR�GR�WKLV��ZH�ILUVW�UH�FUHDWHG

HDFK�PRGHO�ZLWK�WZR�PRQWKV�RI������SDVVLYH�'16��S'16��GDWD�FROOHFWHG�IURP�D�VHQVRU�DW�D�SXEOLF

$PHULFDQ�XQLYHUVLW\�DQG�D�VHQVRU�DW�WZR�ODUJH�LQWHUQHW�VHUYLFH�SURYLGHUV��,63V��DQG�WUDLQHG�LW�RQ�D

VHW�RI�PDOLFLRXV�DQG�EHQLJQ�GDWD�IURP�SXEOLF�OLVWV�DQG�ILOWHUHG�PDOZDUH�H[HFXWLRQ�WUDIILF��8VLQJ�WKH

PRGHOV��ZH�SURYLGH�SODXVLEOH�WHFKQLTXHV�DQG�DOJRULWKPV�WR�JHQHUDWH�QHWZRUN�WUDIILF�SDWWHUQV�WKDW

OHDG�WR�PRGHO�HYDVLRQ�DQG�GDWDVHW�SRLVRQLQJ��7KH�LQWXLWLRQ�JXLGLQJ�WKH�DWWDFN�LV�WKDW�VRPH�IHDWXUHV

FDQ�EH�PDQLSXODWHG�DW�D�ORZHU�FRVW�WKDQ�RWKHUV��IRU�H[DPSOH��D�IHDWXUH�LQYROYLQJ�ZKHWKHU�D�GRPDLQ

QDPH�ZLWK�ZRUGV�LQ�WKH�(QJOLVK�ODQJXDJH�FDQ�EH�PDQLSXODWHG�DW�D�ORZHU�FRVW�WKDQ�D�IHDWXUH

LQYROYLQJ�XVDJH�RI�D�VKDUHG�KRVWLQJ�SURYLGHU�

7KLV�ZRUN�LV�D�PHDQLQJIXO�FRQWULEXWLRQ�DV�LW�SURYLGHV�D�JHQHUDO�IUDPHZRUN�IRU�DGYHUVDULDO

DWWDFNV�RQ�QHWZRUN�VHFXULW\�PRGHOV�DQG�WKH�PHDQV�E\�ZKLFK�WKH\�FDQ�EH�PLWLJDWHG��/HYHU��HW�DO��>�@
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VKRZHG�WKDW�DQDO\VLV�RI�PDOZDUH�LQIUDVWUXFWXUH�WKURXJK�,QWHUQHW�3URWRFRO��,3��DQG�'16�WUDIILF�FDQ

GHWHFW�DQ�LQIHFWLRQ�VHYHUDO�ZHHNV�EHIRUH�PDOLFLRXV�ELQDULHV�DUH�FDSWXUHG�DQG�DQDO\]HG��$V�DQ

H[DPSOH��DWWDFN�DWWULEXWLRQ�LQ�WKH�0LUDL�ERWQHW�DWWDFN�ZDV�DVVLVWHG�E\�DQDO\VLV�RI�S'16�GDWD�>�@�

7KH�UHVHDUFKHUV�XWLOL]HG�VLPLODU�IHDWXUHV�DV�ZH�XVH�LQ�WKLV�ZRUN��UHODWHG�KLVWRULFDO�GRPDLQ�QDPHV�DQG

,3�DGGUHVVHV��WR�FUHDWH�'16�FOXVWHUV�WKDW�LQGLFDWH�RSHUDWRUV�RI�SRUWLRQV�RI�WKH�0LUDL�HFRV\VWHP��,I

WKH�DWWDFNHUV�PDQLSXODWHG�WKH�IHDWXUHV�SUHVHQWHG�E\�RXU�SDSHU��WKH\�PD\�KDYH�EHHQ�DEOH�WR�HYDGH

DWWULEXWLRQ�XVLQJ�WKHVH�PHWKRGV�

�
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'XH�WR�WKH�H[SORVLRQ�RI�QHWZRUN�WUDIILF�LQ�WKH�ODVW�WHQ�\HDUV�SDLUHG�ZLWK�WKH�LQFUHDVH�RI

VRSKLVWLFDWLRQ�LQ�DGYHUVDULHV��WKH�ILHOG�RI�QHWZRUN�VHFXULW\�DQG�DWWDFN�GHWHFWLRQ�KDV�EHFRPH

LQVHSDUDEOH�IURP�$UWLILFLDO�,QWHOOLJHQFH��,3��SDFNHW��DQG�'16�GDWD�KDYH�DOO�EHHQ�DQDO\]HG�DW�VFDOH�WR

GHWHFW�DGYHUVDULDO�EHKDYLRU�LQ�GDWDVHWV�IRU�SXUSRVHV�RI�DWWDFN�DWWULEXWLRQ��GHWHFWLRQ��DQG�SUHGLFWLRQ�

0DQ\�RI�WKHVH�H[SHULPHQWV�XVH�'16�UHVROXWLRQ�GDWD�VXSSOHPHQWHG�ZLWK�%*3��ZKRLV��DQG�NQRZQ

EODFNOLVWV�FRPELQHG�ZLWK�PDFKLQH�OHDUQLQJ�DOJRULWKPV��QDPHO\�UDQGRP�IRUHVWV��N�QHDUHVW�QHLJKERUV�

DQG�QHXUDO�QHWZRUNV��WR�GHWHFW�PDOLFLRXV�WUDIILF�>�������@��:KLOH�PDQ\�WHFKQLTXHV�KDYH�EHHQ

SURSRVHG�IRU�WKH�GHWHFWLRQ�RI�WKHVH�PDOLFLRXV�GRPDLQV��WKHUH�KDV�EHHQ�D�ODFN�RI�UHVHDUFK�LQ�DWWHPSWV

WR�FLUFXPYHQW�GHWHFWLRQ��2XU�JRDO�LV�WR�ILOO�WKLV�JDS�ZLWK�D�SUDFWLFDO�SDSHU�WKDW�RIIHUV�PHWKRGV�WKDW

FDQ�EH�XVHG�ERWK�WR�DWWDFN�'16�UHSXWDWLRQ�PRGHOV�DQG�WR�GHIHQG�IXWXUH�PRGHOV�DJDLQVW�DWWDFNV�

7KH 1RWRV PRGHO>E@ FODVVLILHG�GRPDLQV�DV�PDOLFLRXV ZHHNV�EHIRUH�WKH\�EHJDQ�WR�DSSHDU�LQ

GDWDVHWV�XVLQJ�D�FRPELQDWLRQ�RI�QHWZRUN�EDVHG��,3�DGGUHVVHV��%*3���]RQH�EDVHG��7/'V��6/'V�

�/'V��DQG�WKHLU�OH[LFRJUDSKLFDO�IHDWXUHV���DQG�HYLGHQFH�EDVHG��DSSHDUDQFHV�LQ�NQRZQ�PDOLFLRXV

GDWDVHWV��IHDWXUHV��)XWXUH�PRGHOV��LQFOXGLQJ ([SRVXUH >�@�H[SDQGHG�WKH�PRGHO�DQG�LQFUHDVHG�LWV

SUHGLFWLRQ�DFFXUDF\�E\�LQFRUSRUDWLQJ�WHPSRUDO�IHDWXUHV�LQWR�WKH�PRGHO��SULPDULO\�PRQLWRULQJ�WKH

FKDQJH�LQ�GRPDLQ�WR�,3�UHODWLRQVKLSV�RYHU�WLPH��7KHVH�PRGHOV�DFKLHYHG�KLJK�SUHFLVLRQ�DQG�UHFDOO

UDWHV�DW�WKHLU�WLPH�RI�SXEOLFDWLRQ��,Q�DGGLWLRQ�WR�GHWHFWLRQ�XVLQJ�QHWZRUN�OHYHO�VHQVRUV��WKHUH�LV�DOVR

ZRUN�LQ�DWWDFN�LGHQWLILFDWLRQ�YLD�DQDO\]LQJ�ODUJH�VFDOH�SXEOLF�GDWDVHWV��VKRZQ�LQ .RSLV >�@��7KHVH

YDU\LQJ�PHWKRGV�LQ�PRGHOV�KLJKOLJKW�D�PDMRU�GLIIHUHQFH�LQ�WKH�FRVW�RI�DQ�DWWDFN�RQ�WKH�UHVSHFWLYH

PRGHO��DQ�DWWDFNHU�ZRXOG�UHTXLUH�D�ODUJH�QXPEHU�RI�UHVRXUFHV��ERWK�FRPSXWDWLRQDO�DQG�ILQDQFLDO��LQ

�



RUGHU�WR�REWDLQ�D�ODUJH�HQRXJK�VHW�RI�QHWZRUN�GDWD�WR�FRQGXFW�D�ZKLWH�ER[��IXOO�NQRZOHGJH��DWWDFN

RQ�1RWRV�RU�([SRVXUH��$GGLWLRQDOO\��GHSOR\PHQW�RI�WKH�1RWRV�RU�([SRVXUH�PRGHOV�LV�H[SHQVLYH�DV

WKH\�UHTXLUH�WHUDE\WHV�RI�UHFHQW�QHWZRUN�GDWD�WR�EH�HIIHFWLYH��.RSLV��RQ�WKH�RWKHU�KDQG��LV�WUDLQHG�RQ

SXEOLF�]RQH�WUDQVIHU�GDWD��PDNLQJ�D�PRGHO�HDVLHU�WR�JHQHUDWH�DQG�JLYLQJ�DQ�DWWDFNHU�PRUH

NQRZOHGJH�

3DSHUQRW�HW�DO��>�@�GLYLGHG�DWWDFNV�RQ�PDFKLQH�OHDUQLQJ�DOJRULWKPV�LQWR�WKUHH�FDWHJRULHV�

LQMHFWLQJ�LQWR�WKH�GDWD�EHIRUH�WKH�PRGHO�LV�WUDLQHG��DWWDFNLQJ�WKH�PRGHO�LWVHOI��DQG�DWWHPSWLQJ�WR�OHDUQ

WKH�PRGHO�RU�WKH�GDWD�XVHG��$GGLWLRQDOO\��3DSHUQRW�GLVWLQJXLVKHV�EHWZHHQ�ZKLWH�ER[�DQG�EODFN�ER[

DWWDFNV�ZKHQ�DWWDFNLQJ�PRGHOV��,Q�D�ZKLWH�ER[�DWWDFN��WKH�PRGHO��LWV�SDUDPHWHUV��DQG�WKH�WUDLQLQJ

GDWD�DUH�NQRZQ�E\�WKH�DWWDFNHU��,Q�D�EODFN�ER[�DWWDFN��WKH�PRGHO�RQO\�H[LVWV�DV�DQ�RUDFOH�WKDW�FDQ

SURYLGH�DQ�DQVZHU±±LWV�OHDUQLQJ�SDUDPHWHUV�DUH�QRW�NQRZQ�WR�WKH�DWWDFNHU��6LQFH�WKHQ��PRUH�VSHFLILF

DWWDFNV�KDYH�EHHQ�SURSRVHG�DJDLQVW�0DFKLQH�/HDUQLQJ�DOJRULWKPV��PDLQO\�QHXUDO�QHWZRUNV�>�@�

7KHVH�SDSHUV�DUH�SDLUHG�ZLWK�WHFKQLTXHV�WR�PLWLJDWH�WKHP��VXFK�DV�GDWD�DXJPHQWDWLRQ�RU�GURSRXW�

7KHUH�VHHPV�WR�EH�D�ODUJH�JDS�LQ�UHVHDUFK�VSHFLILFDOO\�FRQGXFWHG�RQ�HYDGLQJ�QRQ�QHXUDO�QHWZRUN

PRGHOV�WKDW�DUH�XVHG�IRU�'16�EDVHG�QHWZRUN�PRQLWRULQJ�V\VWHPV�

7KHUH�KDV�EHHQ�UHFHQW�ZRUN�LQ�FUHDWLQJ�PRGHOV�WKDW�DUH�UREXVW�LQ�DYRLGLQJ�WKHVH�W\SHV�RI

DWWDFNV��1HXUDO�QHWZRUNV�DUH�DJDLQ�WKH�PRVW�SRSXODU��EXW�WKHUH�H[LVWV�UHFHQW�UHVHDUFK�RQ�QRQ�QHXUDO

QHWZRUN�DOJRULWKPV�DQG�WKHLU�UREXVWQHVV� 1RWRV� ([SRVXUH� DQG .RSLV ZHUH�RULJLQDOO\�WUDLQHG�RQ

UDQGRP�IRUHVWV��VR�ZH�VSHFLILFDOO\�HYDOXDWH�WKH�OLWHUDWXUH�RQ�WKHVH��2QH�WHFKQLTXH��SURSRVHG�E\

<L]FKHQJ�HW�DO��>�@��DSSOLHV�D�PRQRWRQLFLW\�FRQVWUDLQW�RQ�IHDWXUHV�ZKHUH�LQFUHDVLQJ�WKH�YDOXH�RI�D

IHDWXUH�VWULFWO\�LQFUHDVHV�WKH�SUREDELOLW\�WKDW�D�VDPSOH�LV�PDOLFLRXV��DV�JLYHQ�E\�WKH�FODVVLILHU��)RU

H[DPSOH��IRU�FODVVLI\LQJ�SKLVKLQJ�85/V��DV�WKH�OHQJWK�RI�D�85/�LQFUHDVHV��WKH�FODVVLILHU�VWULFWO\

�



LQFUHDVHV�LWV�VSDP�VFRUH��0RQRWRQLFLW\�LGHDOO\�IRUFHV�DQ�DWWDFNHU�WR�ZHDNHQ�WKHLU�DWWDFN�LQ�RUGHU�WR

HYDGH�D�PDOLFLRXV�FODVVLILFDWLRQ��7KHVH�WHFKQLTXHV�KDYH�EHHQ�VXFFHVVIXOO\�DSSOLHG�WR�WKH�SUREOHP�RI

PDOZDUH�FODVVLILFDWLRQ�IRU�3')�EDVHG�PDOZDUH�>�@�

,Q�UHFHQW�\HDUV��PDQ\�ODUJH�VFDOH�VHFXULW\�LQFLGHQWV�KDYH�XVHG�'16��LQFOXGLQJ�WKH�0LUDL

ERWQHW�DQG�WKH������6RODU:LQGV�DWWDFN��7KH�LPSRUWDQFH�RI�WKHVH�'16�EDVHG�PRGHOV�FRPSDUHG�WR

DQDO\VLV�RI�PDOLFLRXV�ELQDULHV�LV�H[HPSOLILHG�E\�/HYHU��HW�DO��>�@��ZKR�VKRZHG�WKDW�DQDO\VLV�RI

PDOZDUH�LQIUDVWUXFWXUH�WKURXJK�,3�DQG�'16�WUDIILF�FDQ�GHWHFW�LQIHFWLRQ�RQ�WKH�VFDOH�RI�PRQWKV

EHIRUH�PDOLFLRXV�ELQDULHV�DUH�G\QDPLFDOO\�DQDO\]HG��7KHUHIRUH��WKH�DELOLW\�RI�DQ�DWWDFNHU�WR�HYDGH�D

'16�EDVHG�HDUO\�GHWHFWLRQ�V\VWHP�FRXOG�OHDG�WR�D�ORQJHU�SHULRG�RI�LQIHFWLRQ�RQ�D�FRPSXWHU�EHIRUH

GHWHFWLRQ�E\�LQWUXVLRQ�GHWHFWLRQ�RU�SUHYHQWLRQ�V\VWHPV�

�
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,Q�VXSSRUW�RI�WKH�SULPDU\�JRDO�RI�WKH�ZRUN��WR�GLVFRYHU�DWWDFNV�WKDW�FRPSURPLVH�WKH�LQWHJULW\

RI�VWDWH�RI�WKH�DUW�'16�UHSXWDWLRQ�PRGHOV�DQG�WR�HYDOXDWH�WKH�PRGHOV¶�UREXVWQHVV�WR�DWWDFNV��ZH

UH�LPSOHPHQWHG�WKH�PRGHOV�ZLWK�YDULRXV�GDWDVHWV�DQG�IHDWXUH�H[WUDFWLRQ�WHFKQLTXHV��7R�FUHDWH�WKH

PRGHOV��ZH�XVHG�D�VWDQGDUG�SLSHOLQH�LQ�PDFKLQH�OHDUQLQJ��GDWD�FROOHFWLRQ��GDWD�FOHDQXS��IHDWXUH

H[WUDFWLRQ��DQG�PRGHO�WUDLQLQJ�

'DWD�&ROOHFWLRQ

7KH�EDVLV�RI�HDFK�PRGHO�ZDV�UHFXUVLYH�'16��U'16��UHVROXWLRQ�TXHULHV��:H�UDQ�RXU

H[SHULPHQWV�RQ�IRXU�GDWDVHWV��HDFK�FRQWDLQLQJ�U'16�TXHULHV�EHWZHHQ�$XJXVW����������DQG

6HSWHPEHU�����������7KH�WKUHH�GDWDVHWV�FDPH�IURP�GLIIHUHQW�VRXUFHV��SDVVLYH�U'16�IURP�WZR�ODUJH

1RUWK�$PHULFDQ�LQWHUQHW�VHUYLFH�SURYLGHUV��,63V���DQG�SXEOLFO\�DYDLODEOH�DFWLYH�U'16�GDWD�IURP�WKH

$FWLYH'16�SURMHFW�

:H�REWDLQHG�JURXQG�WUXWK�GDWD�IURP�DQ�DJJUHJDWLRQ�RI�SXEOLF�DQG�SURSULHWDU\�GDWDVHWV��7KH

EHQLJQ�GDWDVHW�FRQVLVWHG�RI�WKH�WRS��������HQWULHV�LQ�WKH�7UDQFR�SRSXODU�GRPDLQ�OLVW��7KH�PDOLFLRXV

GDWDVHW�ZDV�SRSXODWHG�E\�YDULRXV�SXEOLF�EORFNOLVWV��3%/V���7KLV�LQFOXGHG�UHJLVWHUHG�GRPDLQV�IURP

'*$UFKLYH�DQG�1HWODE�����3KLVK7DQN�GRPDLQV��WKH�6SDPKDXV�'RPDLQ�%ORFNOLVW��DQG�85/+DXV

GRPDLQV��:H�DOVR�LQFRUSRUDWHG�PDOZDUH�H[HFXWLRQV�IURP�D�SURSULHWDU\�VDQGER[�HQYLURQPHQW�DIWHU

FOHDQLQJ�WKH�GDWD�E\�YDOLGDWLQJ�HDFK�H[HFXWLRQ�ZLWK�9LUXV7RWDO�GDWDEDVHV�

�



'DWD�&OHDQXS

$V�RXU�PRGHO�ZDV�KHDYLO\�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�GRPDLQ�QDPHV��,3�DGGUHVVHV�

DQG�77/V�RYHU�WLPH��ZH�FRQVLGHUHG�RQO\�$�DQG�$$$$�UHFRUGV��ERWK�RI�ZKLFK�UHVROYH�GRPDLQ

QDPHV�WR�,3�DGGUHVVHV��$GGLWLRQDOO\��EHFDXVH�HDFK�RI�WKH�PRGHOV�HYDOXDWHG�ZDV�UHOHDVHG�EHIRUH�WKH

UHOHDVH�RI�,3Y���ZH�RQO\�FRQVLGHU�,3Y��UHVROXWLRQV��:H�GLVFDUGHG�UHVROXWLRQV�FRQWDLQLQJ�XQURXWDEOH�

ERJRQ�,3�DGGUHVVHV�DV�WKH\�FDQQRW�KRVW�PDOLFLRXV�GDWD��)LQDOO\��ZH�FRQVLGHUHG�WKH�HIIHFWLYH

VHFRQG�OHYHO�GRPDLQ��H�/'��H�J��³JRRJOH�FRP´�LQ�³PDSV�JRRJOH�FRP´��IRU�HDFK�GRPDLQ�DQG

GLVFDUGHG�WKRVH�WKDW�ZHUH�LGHQWLILHG�DV�D�SRSXODU�FRQWHQW�GHOLYHU\�QHWZRUN��H�J��
�FORXGIURQW�FRP��

G\QDPLF�'16��H�J��
�G\QGQV�RUJ���RU�IUHH�VKDUHG�KRVWLQJ�SURYLGHU��H�J��
�JLWKXE�LR���(DFK�RI�WKRVH

GRPDLQV�LV�QRLV\�DQG�FDQ�FRQWDLQ�ERWK�EHQLJQ�DQG�PDOLFLRXV�VXEGRPDLQV��ZKLFK�GHFUHDVHV�WKH

PRGHO¶V�DFFXUDF\�

)HDWXUH�6HOHFWLRQ

���IHDWXUHV�IURP�1RWRV�>�@�DQG�([SRVXUH�>�@�ZHUH�FRPSXWHG�IURP�HDFK�GDWDVHW��7KH�IHDWXUHV

ZHUH�FUHDWHG�EDVHG�RQ�WKH�H�/'V�RI�HDFK�RI�WKH�UHVROXWLRQV�LQ�WKH�RULJLQDO�GDWDVHW�

0RGHO�7UDLQLQJ

:H�HYDOXDWHG�WKH�PRGHO�RQ�WKUHH�SRSXODU�0DFKLQH�/HDUQLQJ�PRGHOV��QDPHO\�UDQGRP�IRUHVWV�

N�QHDUHVW�QHLJKERUV��DQG�VXSSRUW�YHFWRU�PDFKLQHV��:H�SHUIRUPHG�D�JULG�VHDUFK�RYHU�UHDVRQDEOH

K\SHUSDUDPHWHUV�IRU�HDFK�PRGHO�DQG�XVHG�WHQ�IROG�FURVV�YDOLGDWLRQ�IRU�DOO�WUDLQLQJ�VWHSV�

'XH�WR�WKH�VPDOO�VL]H�RI�WKH�EHQLJQ�JURXQG�WUXWK�GDWDVHW��WKH�UHVXOWLQJ�WUDLQLQJ�GDWD�ZDV

XQEDODQFHG��7R�UHPHGLDWH�WKLV��ZH�XQGHUVDPSOHG�WKH�ODUJHU�GDWDVHW�ZLWKRXW�UHSODFHPHQW��:H�WUDLQHG

��



HDFK�PRGHO�ZLWK�����EDODQFHG�VDPSOHV�DQG�UHSRUWHG�PRGHO�VWDWLVWLFV��DFFXUDF\��$8&��SUHFLVLRQ�

UHFDOO��EDVHG�RQ�WKH�DYHUDJH�RI�WKH�VDPSOHV��7KH�PRGHOV�WUDLQHG�RQ�WKH�WZR�ODUJH�SDVVLYH�'16

PRGHOV�ERWK�UHVXOWHG�LQ�!����SUHFLVLRQ�DQG�UHFDOO�UDWHV��D�VLPLODU�SHUIRUPDQFH�WR 1RWRV DQG

([SRVXUH�7DEOH���VKRZV�WKH�SHUIRUPDQFH�RI�WKH�PRGHO IRU�HDFK�GDWDVHW��ZKLFK�FRQWDLQV�LQIRUPDWLRQ

DERXW�WUXH�SRVLWLYHV��WUXH�QHJDWLYHV��IDOVH�SRVLWLYHV��DQG�IDOVH�QHJDWLYHV�

7DEOH����0RGHO�SHUIRUPDQFH�IRU�HDFK�GDWDVHW�

'DWDVHW 735 )35 $8& $FFXUDF\

/DUJH�S'16 ��� ���� ����� ������

0HGLXP�S'16 ��� ���� ����� ������

$FWLYH'16 ����� ���� ����� �����

�

$WWDFNV

2XU�ZRUN�GLIIHUV�IURP�PDQ\�DWWDFNV�RQ�0DFKLQH�/HDUQLQJ�PRGHOV�DV�WKH�GRPDLQ�LV�KLJKO\

FRQVWUDLQHG��,Q�LPDJHV��IRU�H[DPSOH��DQ�DWWDFNHU�DWWHPSWLQJ�WR�IRRO�DQ�REMHFW�FODVVLILHU�LV�DEOH�WR

PDQLSXODWH�HDFK�SL[HO�RYHU�WKH�IXOO�UDQJH�RI�FRORUV�ZLWKRXW�DQ\�FRQVWUDLQWV��$GGLWLRQDOO\��WR�DQ

DWWDFNHU��HDFK�SL[HO�LV�LQGHSHQGHQW�RI�RQH�DQRWKHU��)HDWXUHV�EDVHG�RQ�QHWZRUN�VWUXFWXUH��KRZHYHU�

DUH�KLJKO\�FRUUHODWHG��'LUHFWLQJ�D�GRPDLQ�DW�D�VLQJOH�QHZ�,3�DGGUHVV�FDQ�KDYH�ODUJH�HIIHFWV�RQ�WKH

IHDWXUH�YDOXHV��)RU�H[DPSOH��LI�WKH�QHZ�,3�DGGUHVV�LV�D�VKDUHG�,3��WKH�QXPEHU�RI�UHODWHG�GRPDLQ

QDPHV�DQG�,3�DGGUHVVHV�ZLOO�LQFUHDVH�VLJQLILFDQWO\�

7KH�DWWDFN�SUHVHQWHG�ZDV�GHVLJQHG�E\�PDQLSXODWLQJ�WKH�VSDFH�RI�QHWZRUN�WUDIILF��ZKLFK

UHVXOWHG�LQ�FKDQJHV�WR�WKH�IHDWXUHV�YHFWRUV�WKHPVHOYHV��$GGLWLRQDOO\��WKLV�DWWDFN�LV�EDVHG�RQ�D�EODFN

ER[�DSSURDFK��PHDQLQJ�WKDW�DQ�DWWDFNHU�GRHV�QRW�KDYH�DFFHVV�WR�WKH�PRGHO�LWVHOI��7KH�JRDO�RI�RXU

��



DWWDFN�LV�WR HYDGH PDOLFLRXV�FODVVLILFDWLRQ�E\�WKH�PRGHO��:H�PHDVXUH�LWV�VXFFHVV�RQ�LWV�OLNHOLKRRG�WR

HYDGH�WKH�PRGHO��LWV�ILQDQFLDO�FRVW��DQG�LWV�GHWHFWDELOLW\�E\�D�QHWZRUN�RSHUDWRU�

0LPLFU\�$WWDFNV

0LPLFU\�DWWDFNV�DUH�EDVHG�RQ�WKH�LGHD�WKDW�D�GRPDLQ�FDQ�KLGH�PDOLFLRXV�DFWLYLW\�E\

PLPLFNLQJ�EHQLJQ�WUDIILF��7KLV�LV�DFKLHYHG�E\�URXWLQHO\�TXHU\LQJ�D�SRSXODU�GRPDLQ��H�J�

µJRRJOH�FRP¶���VWRULQJ�LWV�,3��DQG�WKHQ�FKDQJLQJ�WKH�PDOLFLRXV�GRPDLQ¶V�DVVRFLDWHG�,3�DGGUHVV�WR�WKH

EHQLJQ�,3��,I�WKLV�LV�SHUIRUPHG�PDQ\�WLPHV��WKHQ�WKH�PDOLFLRXV�GRPDLQ�ZLOO�DSSHDU�WR�KDYH�WKH�VDPH

QHWZRUN�VWUXFWXUH�DV�WKH�EHQLJQ�RQH��7KH�IXOO�DOJRULWKP�LV�VKRZQ�LQ�$OJRULWKP���

$OJRULWKP����7KH�0LPLFU\�$WWDFN�DOJRULWKP�

��



5(68/76

:H�SHUIRUP�D�PLPLFU\�DWWDFN�RQ�����VSDP�DQG�PDOZDUH�GRPDLQV�WKDW�HDFK�PRGHO�FRUUHFWO\

FODVVLILHG�DV�PDOLFLRXV�XVLQJ�������������DQG������WRWDO�UHVRXUFH�UHFRUGV�VDPSOHG�IURP�DFWLYH�'16

TXHULHV�WR�WKH�7UDQFR�7RS����JRRJOH�FRP��IDFHERRN�FRP��QHWIOL[�FRP��PLFURVRIW�FRP�

IDFHERRN�FRP��GRPDLQV��:H�ILUVW�DQDO\]H�WKH�UHVXOWV�IRU�WKH�����GRPDLQV��DQG�WKHQ�JLYH�DQ�LQ�GHSWK

DQDO\VLV�RI�D�VLQJOH�GRPDLQ�WKDW�HYDGHG�WKH�PRGHO��7DEOH���VKRZV�WKH�HIIHFWLYHQHVV�RI�WKH�DWWDFN�

7DEOH����(YDVLRQ�UDWH�RI�EODFN�ER[�PLPLFU\�DWWDFNV�0LPLFU\�DWWDFNV�ZHUH�UXQ�RQ�����FRUUHFWO\�LGHQWLILHG PDOZDUH
DQG�VSDP�GRPDLQV�IURP�HDFK�GDWDVHW��HDFK�XVLQJ�WKH�VDPH�������������DQG������UHVRXUFH�UHFRUGV�VDPSOHG�IURP�DFWLYH

'16�UHFRUGV�IRU�JRRJOH�FRP��7KH�HYDVLRQ�UDWH�RI�HDFK�VHW�RI�VDPSOHV�LV�VKRZQ�

�����55V�LQVHUWHG �����55V�LQVHUWHG �����55V�LQVHUWHG

/DUJH�S'16�'DWDVHW �� ��� �����

$FWLYH�'16�'DWDVHW ����� ����� �����

7KH�PLPLFU\�DWWDFN�LV�HIIHFWLYH�EHFDXVH�GRPDLQV�DQG�,3V�FRQWUROOHG�E\�ODUJH��OHJLWLPDWH

HQWLWLHV�KDYH�FHUWDLQ�FKDUDFWHULVWLFV�WKDW�D�GRPDLQ�FDQ�HPXODWH�E\�DGGLQJ�WKRVH�,3V�WR�LWV�RZQ

QHWZRUN�WUDIILF��7KLV�DWWDFN�ZRUNV�SDUWLFXODUO\�ZHOO�LQ�HYDGLQJ�IHDWXUHV�WKDW�FRQVLGHU�UHODWHG�KLVWRULF

GRPDLQ�QDPHV�VLQFH�PDQLSXODWLRQ�RI�WKHVH�IHDWXUHV�FRPHV�DW�D�ORZ�ILQDQFLDO�FRVW��)RU�D�GRPDLQ� G��D

VHFRQG�GRPDLQ��T� LV�FRQVLGHUHG�WR�EH�D�UHODWHG�KLVWRULF GRPDLQ�QDPH�RI G DW�OHDVW�RQH�RI�WKH�,3V�WKDW

T KDV�UHVROYHG�WR�KDV�DOVR�EHHQ�UHVROYHG�WR�E\ G� )LJXUH���VKRZV�DQ�H[DPSOH�RI�WKLV�UHODWLRQVKLS�IRU

WKUHH�GRPDLQV��,Q�)LJXUH����WKH�ILUVW�URZ�VKRZV�D�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQ�IRU�WKH�QXPEHU�RI

��



UHODWHG�KLVWRULF�GRPDLQ�QDPHV��7KH�VHFRQG�URZ�VKRZV�WKH�DYHUDJH�IUHTXHQF\�RI�7/'�LQ�WKHVH

UHODWHG�KLVWRULF�GRPDLQ�QDPHV�

)LJXUH����5+'1�IHDWXUHV�IRU�WKUHH�GRPDLQV� %RWK�JDWHFK�HGX DQG�JRRJOH�FRP�KDYH�UHVROYHG�WR�WKH�VDPH�,3
DGGUHVV���������������VR�WKH\�DUH�UHODWHG�KLVWRULF�GRPDLQ�QDPHV�RI�HDFK�RWKHU��JRRJOH�FRP�DQG�WZLWWHU�FRP�DUH�DOVR

UHODWHG�KLVWRULF�GRPDLQV�RI�HDFK�RWKHU��EXW�WZLWWHU�FRP�DQG�JDWHFK�HGX�DUH QRW UHODWHG�KLVWRULF�GRPDLQV�

)LJXUH����&RPSDULVRQ�RI�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQV�IRU�WZR�IHDWXUHV�DIWHU�D�EODFN�ER[�0LPLFU\�$WWDFN
ZKHUH�����GRPDLQV�PLPLF�55V�IURP��JRRJOH�FRP�� �D� VKRZV�WKH�QXPEHU�RI�UHODWHG�KLVWRULF�GRPDLQ�QDPHV���E�

VKRZV�WKH�DYHUDJH�IUHTXHQF\�RI�DOO�7/'V�IRU�HDFK�UHODWHG�KLVWRULF�GRPDLQ�QDPH��,Q�HDFK�FDVH��DGGLQJ�PRUH�EHQLJQ�55V
UHVXOWV�LQ�D�GLVWULEXWLRQ�PRUH�VLPLODU�WR�WKH�EHQLJQ�RQH�

��



([DPSOH

:H�GHPRQVWUDWH�D�VSHFLILF�H[DPSOH�RI�WKLV�DWWDFN��VWDUWLQJ�IURP�WKH�PDOLFLRXV�GRPDLQ

JNMH[SRUWV��!FRP��7KLV�GRPDLQ�VXFFHVVIXOO\�HYDGHG�WKH�PRGHO�DIWHU������55V�IURP�JRRJOH�FRP

ZHUH�LQVHUWHG�

7R�GHWHUPLQH�ZKLFK�IHDWXUHV�ZHUH�PRVW�XVHIXO�LQ�WKH�HYDVLRQ��ZH�XVH�D�WHFKQLTXH�GHYHORSHG

E\�;X�HW��DO�>��@�7KH LPSDFW�VFRUH RI�D�IHDWXUH�LV D�PHDVXUH�RI�WKH�FKDQJH�LQ�D�GRPDLQ¶V�UHSXWDWLRQ

VFRUH�E\�FKDQJLQJ�RQO\�WKDW�IHDWXUH�YDOXH��7KH�LPSDFW�VFRUH�LV�GHWHUPLQHG�E\�WKH�FKDQJH�LQ

UHSXWDWLRQ�DIWHU�RYHUZULWLQJ�YDOXHV�LQ�WKH�HYDGHG�VDPSOH�WR�YDOXHV�RI�WKH�RULJLQDO�VDPSOH��DQG

RYHUZULWLQJ�YDOXHV�LQ�WKH�RULJLQDO�VDPSOH�WR�YDOXHV�RI�WKH�HYDGHG�VDPSOH��7DEOH���VKRZV�WKH�WRS�WHQ

LPSDFW�VFRUHV�IRU�WKH�H[DPSOH��6HYHQ�RI�WKH�WHQ�IHDWXUHV�DUH�UHODWHG�WR�UHODWHG�KLVWRULF�GRPDLQ

QDPHV��LQGLFDWLQJ�WKDW�WKRVH�IHDWXUHV�DUH�PRVW�YXOQHUDEOH�WR�WKLV�DWWDFN�

7DEOH��� ,PSDFW�RI�HDFK�IHDWXUH�RQ�HYDVLRQ�IRU�JNMH[SRUWV��!FRP� �2ULJLQDO��DQG��(YDGHG��DUH�WKH�IHDWXUH��YDOXHV
EHIRUH�DQG�DIWHU�D�PLPLFU\�DWWDFN�LV�SHUIRUPHG��ǻ� LV�WKH�FKDQJH�LQ�WKH�RULJLQDO�VDPSOH¶V�UHSXWDWLRQ VFRUH�DIWHU�HDFK�RI�LWV�IHDWXUHV�DUH
RYHUZULWWHQ�ZLWK�WKH�HYDGHG�IHDWXUH¶V�YDOXH��ǻ� LV WKH�FKDQJH�LQ�WKH�HYDGHG�VDPSOH¶V�UHSXWDWLRQ�VFRUH�DIWHU�HDFK�RI�LWV�IHDWXUHV�DUH

RYHUZULWWHQ�ZLWK�WKH�RULJLQDO�IHDWXUH¶V�YDOXH��,PSDFW�LV�ǻ� �ǻ� �

��



',6&866,21

7KH DWWDFNV SHUIRUPHG VLJQLILFDQWO\ EHWWHU RQ WKH DFWLYH '16 GDWDVHW WKDQ WKH SDVVLYH '16

RQHV� 7KH PRVW OLNHO\ UHDVRQ IRU WKLV LV D OLPLWDWLRQ LQ RXU IHDWXUH HQJLQHHULQJ SURFHVV� $FWLYH '16

TXHULHV PDQ\ PRUH H�/'V WKDQ ORQJHU )4'1V �H�J� ³JRRJOH�FRP´ YV� ³GULYH�JRRJOH�FRP´�� DQG

HDFK RI RXU PRGHOV RQO\ FRQVLGHUV WKH H�/' ZKHQ JHQHUDWLQJ D IHDWXUH� 7KLV FDXVHV GRPDLQV ZLWK

ODUJH QXPEHUV RI VXEGRPDLQV WR KDYH VLJQLILFDQWO\ ODUJHU YDOXHV IRU VRPH ILHOGV �H�J� WKH QXPEHU RI

5+'1V��

$ OLPLWDWLRQ RI WKLV DWWDFN LV WKDW LQ SUDFWLFH� '16 UHSXWDWLRQ PRGHOV DUH UHWUDLQHG RQ QHZ

GDWD RIWHQ �LQ WKH OLWHUDWXUH� WKLV UDQJHV IURP HYHU\GD\ WR HYHU\ WZR ZHHNV�� ,I WKH PDOLFLRXV ,3 RU

GRPDLQ DSSHDUV LQ RQH RI WKH JURXQG�WUXWK GDWDVHWV� WKLV FDQ UHVXOW LQ WKH PRGHO RYHUILWWLQJ WR D

SUHYLRXVO\ VXFFHVVIXO HYDVLRQ� WKHUHIRUH EORFNLQJ LW� ,W FRXOG DOVR OHDG WR D PRGHO OHDUQLQJ D

PLPLFU\ DWWDFN� 7KLV W\SH RI DWWDFN IDLOXUH FDQ EH UHVROYHG E\ XVLQJ LGHDV IURP GRPDLQ JHQHUDWLRQ

DOJRULWKPV �'*$V�� '*$V DUH FRPPRQO\ JHQHUDWHG XVLQJ UDQGRP VWULQJV �H�J� �DMZHIQF�FRP� RU

E\ FRQFDWHQDWLQJ (QJOLVK ZRUGV �H�J� WUHHGRJFORXG�FRP�� 7KH '*$ LV LPSOHPHQWHG ERWK RQ WKH

PDOZDUH RSHUDWRU¶V LQIUDVWUXFWXUH DQG LQ WKH PDOZDUH LWVHOI� WKH RSHUDWRU¶V YHUVLRQ UHJLVWHUV QHZ

GRPDLQ QDPHV DQG WKH PDOZDUH¶V YHUVLRQ XSGDWHV LWV FRPPXQLFDWLRQV WR XVH WKH QHZ GRPDLQ� :KHQ

XVHG DORQJVLGH D PLPLFU\ DWWDFN� WKH PDOZDUH RSHUDWRU¶V YHUVLRQ UHJLVWHUV WKH QHZ GRPDLQ DQG

SHUIRUPV ,3 VDPSOLQJ DJDLQVW WUXVWZRUWK\ GRPDLQV IRU D IL[HG SHULRG� $IWHU WKLV SHULRG HQGV DQG WKH

PRGHO LV SRLVRQHG ZLWK EHQLJQ GDWD UHODWLQJ WR WKH GRPDLQ� WKH GRPDLQ EHJLQV UHVROYLQJ WR

��



PDOLFLRXV LQIUDVWUXFWXUH� DQG VLPXOWDQHRXVO\� WKH PDOZDUH VZLWFKHV WR WKLV QHZ GRPDLQ� 7KLV

FRQWLQXHV�LWHUDWLYHO\��ZLWK�QHZ�GRPDLQV�FRQVWDQWO\�EHLQJ�SUHSDUHG�E\�WKH�'*$�IRU�IXWXUH�XVH�

0LPLFU\ DWWDFNV DUH DOVR OLPLWHG E\ WKHLU KLJK GHWHFWDELOLW\� '16 DQDO\VWV FRXOG HDVLO\

GLVFRYHU DQ DWWDFN E\ FUHDWLQJ DQ DOHUW IRU QHZ� QRQ ZKLWHOLVWHG GRPDLQV WKDW UHVROYH WR PDQ\

GLIIHUHQW ,3V LQ SRSXODU DXWRQRPRXV V\VWHPV� $GGLWLRQDOO\� LI WKH PLPLFNHG ,3V DUH DOVR EHLQJ

DFFHVVHG LQ DGGLWLRQ WR EHLQJ UHVROYHG� D QHWZRUN DQDO\VW PD\ QRWLFH WKH DGGLWLRQDO WUDIILF WR WKHLU

VHUYHUV�

&21&/86,21

7KLV WKHVLV SURYLGHV DQ RYHUYLHZ RI DWWDFNV RQ DGYHUVDULDO 0DFKLQH /HDUQLQJ V\VWHPV DQG

SURYLGHV DQ LQ�GHSWK DQDO\VLV RI DWWDFNV RQ '16 5HSXWDWLRQ 6\VWHPV� :H IRXQG WKDW LQ D EODFN ER[

VHWWLQJV��ZH�FDQ�FRQVWUXFW�H[DPSOHV�WKDW�HYDGH�WKHVH�PRGHOV�RYHU�����RI�WKH�WLPH�

)XWXUH�:RUN

,Q IXWXUH ZRUN� ZH FRXOG IXUWKHU H[SORUH WKH PDQLSXODWLRQ RI '16 UHFRUGV WR FKDQJH WKH

IHDWXUHV E\ VWUDWHJLFDOO\ WDNLQJ FHUWDLQ DFWLRQV RYHU WLPH� ;X HW DO� >��@ SURSRVHG DQ HYROXWLRQDU\�

EODFN ER[ DOJRULWKP WKDW DFKLHYHV ���� HYDVLRQ RQ 3')�EDVHG PDOZDUH FODVVLILHUV E\ WDNLQJ D

SVHXGR UDQGRP DFWLRQ� YHULI\LQJ WKDW LW SUHVHUYHV WKH PDOLFLRXV IXQFWLRQDOLW\� DQG WKHQ PHDVXULQJ

WKH DFWLRQ¶V HIIHFW RQ WKH 3')¶V UHSXWDWLRQ VFRUH� $IWHU HDFK EDWFK RI DFWLRQV� WKH SURFHVV LV UHSHDWHG

ZLWK WKH DFWLRQV WKDW QHJDWLYHO\ DIIHFWHG WKH UHSXWDWLRQ VFRUH WKH PRVW� 7KLV VDPH SURFHVV FRXOG EH

��



DSSOLHG IRU '16 UHSXWDWLRQ V\VWHPV E\ WDNLQJ DFWLRQV LQ WKH QHWZRUN VSDFH �UHJLVWHULQJ DQ ,3 LQ D

QHZ DXWRQRPRXV V\VWHP RU FRXQWU\� FKDQJLQJ WKH ,3 IRU D GRPDLQ� HWF��� )LQDQFLDO FRVW LV HDVLO\

PHDVXUHG DV WKH VXP RI WKH FRVW RI HDFK DFWLRQ DQG GHWHFWDELOLW\ LV PHDVXUHG E\ WKH QXPEHU RI

DFWLRQV�WKDW�WKH�DWWDFNHU�PXVW�WDNH�WR�DFKLHYH�HYDVLRQ�

%\ XVLQJ RXU SURSRVHG DWWDFN RQ '16 UHSXWDWLRQ PRGHOV� DQ DWWDFNHU FRXOG VXFFHVVIXOO\

HYDGH DXWRPDWLF GHWHFWLRQ E\ D PDFKLQH OHDUQLQJ EDVHG PRGHO� 7KH ZRUN DOVR SURYLGHV D SUDFWLFDO

DQG HPSLULFDO VWXG\ RQ DGYHUVDULDO DWWDFNV ZLWK 0DFKLQH /HDUQLQJ PRGHOV ZLWK KHDYLO\ FRQVWUDLQHG

GRPDLQV� :H DGGLWLRQDOO\ SURYLGH JURXQGV IRU IXUWKHU UHVHDUFK LQWR WKH UREXVWQHVV RI WKHVH PRGHOV�

ZKLFK ZLOO OHDG WR DQ LQFUHDVH LQ DWWULEXWLRQ RI DWWDFNV� TXLFNHU GHWHFWLRQ WLPHV� DQG D UHGXFWLRQ RI

DWWDFNV�DOWRJHWKHU�

��



5()(5(1&(6

>�@�0DQRV�$QWRQDNDNLV��7LP�$SULO��0LFKDHO�%DLOH\��0DWWKHZ�%HUQKDUG��(OLH�%XUV]WHLQ��-DLPH
&RFKUDQ��=DNLU�'XUXPHULF��-��$OH[�+DOGHUPDQ��/XFD�,QYHUQL]]L��0LFKDOLV�.DOOLWVLV��'HHSDN
.XPDU��&KD]�/HYHU��=DQH�0D��-RVKXD�0DVRQ��'DPLDQ�0HQVFKHU��&KDG�6HDPDQ��1LFN
6XOOLYDQ��.XUW�7KRPDV��DQG�<L�=KRX��������8QGHUVWDQGLQJ�WKH�0LUDL�%RWQHW��,Q 3URFHHGLQJV
RI�WKH���WK�86(1,;�&RQIHUHQFH�RQ�6HFXULW\�6\PSRVLXP �6(&¶�����86(1,;�$VVRFLDWLRQ�
9DQFRXYHU��%&��&DQDGD������±�����

>�@�0DQRV�$QWRQDNDNLV��5REHUWR�3HUGLVFL��'DYLG�'DJRQ��:HQNH�/HH��DQG�1LFN�)HDPVWHU�������
%XLOGLQJ�D�'\QDPLF�5HSXWDWLRQ�6\VWHP�IRU�'16��,Q 3URFHHGLQJV RI�WKH���WK�86(1,;
&RQIHUHQFH�RQ�6HFXULW\ �86(1,;�6HFXULW\¶�����86(1,; $VVRFLDWLRQ��:DVKLQJWRQ��'&�����

>�@�0DQRV�$QWRQDNDNLV��5REHUWR�3HUGLVFL��:HQNH�/HH��1LNRODRV�9DVLORJORX��DQG�'DYLG�'DJRQ�
������'HWHFWLQJ�0DOZDUH�'RPDLQV�DW�WKH�8SSHU�'16�+LHUDUFK\��,Q 3URFHHGLQJV�RI�WKH���WK
86(1,;�&RQIHUHQFH�RQ�6HFXULW\ �6(&¶�����86(1,;�$VVRFLDWLRQ� 6DQ�)UDQFLVFR��&$�����

>�@�/H\OD�%LOJH��6HYLO�6HQ��'DYLGH�%DO]DURWWL��(QJLQ�.LUGD��DQG�&KULVWRSKHU�.UXHJHO�������
([SRVXUH��$�3DVVLYH�'16�$QDO\VLV�6HUYLFH�WR�'HWHFW�DQG�5HSRUW�0DOLFLRXV�'RPDLQV� $&0
7UDQV��,QI��6\VW��6HFXU� �������$SULO��������'2,�KWWSV���GRL�RUJ����������������

>�@�<L]KHQJ�&KHQ��6KLTL�:DQJ��<XH�4LQ��;LDRMLQJ�/LDR��6XPDQ�6HNKDU�-DQD��DQG�'DYLG�$��:DJQHU�
������/HDUQLQJ�6HFXULW\�&ODVVLILHUV�ZLWK�9HULILHG�*OREDO�5REXVWQHVV�3URSHUWLHV�
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