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1D\DQ�.DODPNDU

$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�'HSDUWPHQW��$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��
0DKDUDVKWUD��,QGLD� NDODPNDUQD\DQ���JPDLO�FRP

3URI��3RRQDP�3DZDU

$UWLILFLDO�,QWHOOLJHQFH�DQG�'DWD�6FLHQFH�'HSDUWPHQW��$MHHQN\D�'<�3DWLO�6FKRRO�RI�(QJLQHHULQJ��
0DKDUDVKWUD��,QGLD� SDZDU�SXQDP��#JPDLO�FRP

$%675$&7�

$QLPDO� FRPPXQLFDWLRQ� WDNHV� SODFH� YLD� YRFDOL]DWLRQV�� ERG\� SRVWXUH��PRYHPHQW�� IDFLDO� H[SUHVVLRQV�� DQG�
FRQWH[W��$OWKRXJK�WKHUH�DUH�VRPH�DQLPDO�FRPPXQLFDWLRQV�NQRZQ�WR�KXPDQV��GHFRGLQJ�WKH�LQWHUQDO�VWDWH�RI�
DQ�DQLPDO�FRUUHFWO\�PD\�EH�FKDOOHQJLQJ��HVSHFLDOO\�LI�WKHUH�DUH�GLIIHUHQW�VSHFLHV�RI�DQLPDOV��$Q�LGHD�RI�DQ�
$, $QLPDO�7UDQVODWRU� LV� LQWURGXFHG� LQ� WKLV� SDSHU�� ,W� LV� VXSSRVHG� WKDW� WKH� V\VWHP�ZRXOG� SHUIRUP� DXGLR�
DQDO\VLV��FRPSXWHU�YLVLRQ��PDFKLQH�OHDUQLQJ��DQG�RWKHU�FRQWH[W�UHODWHG�RSHUDWLRQV�WR�FODVVLI\�WKH�DQLPDOV
�
VRXQGV� DQG� EHKDYLRXU� LQWR� XQGHUVWDQGDEOH� KXPDQ� PHVVDJHV� OLNH� KXQJHU�� IHDU�� SDLQ�� VWUHVV�� FRPIRUW��
DOHUWQHVV��RU�DQ\�VRFLDO�DFWLYLW\��7KH�SURSRVHG�V\VWHP�ZRXOG�LQFOXGH�GDWD�FROOHFWLRQ��SUHSURFHVVLQJ��IHDWXUHV�
H[WUDFWLRQ��PXOWLPRGDO�FODVVLILFDWLRQ��FRQILGHQFH�DVVHVVPHQW��DQG�DOHUWLQJ�IRU�XVHUV��7KLV�GHYLFH�VKRXOG�EH�
XVHG�DV�DQ�DX[LOLDU\�V\VWHP�WR�KHOS�SHRSOH�WR�EHWWHU�FRPSUHKHQG�DQLPDOV
�FRPPXQLFDWLRQ��EXW�QRW�DV�D�GLUHFW�
WUDQVODWLRQ�IURP�RQH�ODQJXDJH�WR�DQRWKHU��7KH�UHYLHZ�RI�UHODWHG�VFLHQWLILF�WUHQGV��WKH�SUREOHP�VWDWHPHQW��WKH�
DUFKLWHFWXUH� RI� WKH� SURSRVHG V\VWHP�� HYDOXDWLRQ� PHWKRGRORJ\�� DSSOLFDWLRQV�� OLPLWDWLRQV�� HWKLFDO�
FRQVLGHUDWLRQV��DQG�IXUWKHU�UHVHDUFK�DUH�FRYHUHG�LQ�WKH�SDSHU�

.H\ZRUGV� ± $UWLILFLDO� ,QWHOOLJHQFH�� $QLPDO� &RPPXQLFDWLRQ�� %LRDFRXVWLFV�� 0DFKLQH� /HDUQLQJ�� 'HHS�
/HDUQLQJ��&RPSXWHU�9LVLRQ��6RXQG�&ODVVLILFDWLRQ��%HKDYLRU�5HFRJQLWLRQ��0XOWLPRGDO�/HDUQLQJ

,� ,1752'8&7,21

$PRQJ�WKH�DVSHFWV�WKDW�FKDUDFWHUL]H�DQLPDO�EHKDYLRU��FRPPXQLFDWLRQ�VWDQGV�RXW�DV�RQH�RI�WKH�PRVW�FULWLFDO�
RQHV��&RPPXQLFDWLRQ�FDQ� LQYROYH�YDULRXV�FDOOV��EDUNV��PHRZV��FKLUSV�� JURZOV��ZKLVWOHV��HWF���DV�ZHOO�DV�
ERG\�SRVWXUHV��WDLO�PRYHPHQWV��HDU�SRVLWLRQLQJ��IDFLDO�H[SUHVVLRQV��DQG�PRYHPHQWV�RI�WKH�ZKROH�ERG\��7KH�
VLJQDOV� FDQ� LQGLFDWH� VRFLDO� EHKDYLRU�� DODUP�� PDWLQJ�� IRUDJLQJ�� WHUULWRULDO� EHKDYLRU�� DQG� GLVWUHVV�� DPRQJ�
RWKHUV��8QGHUVWDQGLQJ�IURP�WKH�SHUVSHFWLYH�RI�KXPDQ�SHUFHSWLRQ�ODUJHO\�GHSHQGV�RQ�WKH�VSHFLHV��VLWXDWLRQ��
DQG�H[SHULHQFH��WKH�VDPH�VRXQG�FDQ�KDYH�GLIIHUHQW�PHDQLQJ�GHSHQGLQJ�RQ�WKH�FRQWH[W�



Ь«ĺīŪıôϙ͑ϠϙIŜŜŪôϙ͔ϙϼ�ôŕťôıæôŘϱièťĺæôŘϙ͑͏͕͑Ͻ ϼ�ŕôèĖÍīϙIŜŜŪôϙ͐ϽϙϙϙϙϙϙϙϙϙϙϙI��bϡϙ͒͐͒͘ϱ͓͕͐͗ϙϼiĲīĖĲôϽ

�V""ϱ͑͏͕͑ϱ͏͏͖͓͐и�i"FI«��X�F�ϙVi��b�[ϙi>ϙ"I«(��(ϙ"I��I�[Ib(ϙиϙſſſϟæĤîîĤĺŪŘĲÍīϟĺŘČ иϙϙ͔͓͕

7KH� UHFHQW� GHYHORSPHQW� LQ� WKH� ILHOG� RI� DUWLILFLDO� LQWHOOLJHQFH�PDNHV� LW� SRVVLEOH� WR� DQDO\]H� H[WHQVLYH�
GDWDVHWV�RI�DXGLR�DQG�YLGHR�UHFRUGLQJV��0DFKLQH�OHDUQLQJ�DOJRULWKPV�ZLOO�KHOS�WR�UHFRJQL]H�DFRXVWLF�VLJQDOV��
ZKLOH�FRPSXWHU�YLVLRQ�DOJRULWKPV�ZLOO�LGHQWLI\�YLVXDO�DFWLRQV�DQG�SRVWXUHV��8WLOL]DWLRQ�RI�ERWK�PRGDOLWLHV�
WRJHWKHU�ZLWK�WKH�FRQWH[W�FDQ�LPSURYH�WKH�UHFRJQLWLRQ�DFFXUDF\�FRPSDUHG�WR�WKH�FDVH�ZKHQ�HLWKHU�VRXQG�RU�
SLFWXUH�DORQH�LV�DQDO\]HG��7KXV��WKH�DLP�RI�WKH�$,�$QLPDO�7UDQVODWRU�LV�WR�DQDO\]H�WKH�REVHUYHG�VLJQDOV�DQG�
JLYH�WKH�LQWHUSUHWDWLRQ�RI�WKH�VWDWH�RI�DQ�DQLPDO�

,Q�WKH�WHUP��WUDQVODWRU���WKH�LGHD�LV�XQGHUVWRRG�LQ�D�OLPLWHG�DQG�SUDJPDWLFDO�VHQVH��)LUVW�RI�DOO��WKLV�GRHV�
QRW� LPSO\� D�GHFRGLQJ�RI� WKH�XQLYHUVDO� ODQJXDJH� RI� DQLPDOV�RU� WKH� DELOLW\� WR�XQGHUVWDQG� WKH� WKRXJKWV�RI�
DQLPDOV��,W�MXVW�LPSOLHV�WKH�OHDUQLQJ�RI�WKH�SDWWHUQV�WKDW�KDG�EHHQ�LGHQWLILHG�LQ�WKH�SDVW�E\�UHVHDUFKHUV�RU�
H[SHUWV� LQ� WKLV� SDUWLFXODU� DUHD�� 7KHVH� UHVXOWV� VKRXOG� EH� WUHDWHG� DV� SUREDELOLVWLF� LQWHUSUHWDWLRQV� DQG� QRW�
GLDJQRVHV��7KLV�LV�HVSHFLDOO\�LPSRUWDQW�ZKHQ�D�VLJQDO�RI�GLVHDVH�RU�SDLQ�LV�UHFRJQL]HG�

,,� /,7(5$785(�6859(<

7KH�OLWHUDWXUH�RQ�ELRDFRXVWLF�DQDO\VLV�KDV�SURYHQ�WKDW�DQLPDO�VRXQGV�FRXOG�EH�GHWHFWHG��VHJPHQWHG�DQG�
FODVVLILHG� XVLQJ� VLJQDO� SURFHVVLQJ� DQG� PDFKLQH� OHDUQLQJ� PHWKRGV�� 7KH� H[LVWLQJ� PHWKRGV� LQFOXGH� VXFK�
IHDWXUHV�DV�0HO�IUHTXHQF\�FHSVWUDO�FRHIILFLHQWV��VSHFWUDO�FHQWURLG��HQHUJ\�DQG�SLWFK�UHODWHG�IHDWXUHV��DV�ZHOO�
DV�FODVVLILHUV�VXFK�DV�690�DQG�5DQGRP�)RUHVWV��:KLOH�WKHVH�WHFKQLTXHV�ZRUN�ZHOO�HQRXJK�LQ�VWUXFWXUHG�
GDWD�VHWV��WKHLU�SHUIRUPDQFH�GHSHQGV�RQ�JRRG�TXDOLW\�UHFRUGLQJV�DQG�SURSHU�FKRLFH RI�IHDWXUHV�

7KH� WHFKQLTXH� RI� GHHS� OHDUQLQJ� LQFOXGHV� XVDJH� RI� FRQYROXWLRQDO� QHXUDO� QHWZRUNV� IRU� DQDO\]LQJ�
VSHFWURJUDPV�DQG�UHFXUUHQW�RU�DWWHQWLRQ�QHWZRUNV�IRU�WHPSRUDO�PRGHOLQJ��8VDJH�RI�DXGLR�HPEHGGLQJV�DQG�
WUDQVIRUPHUV�PLJKW� KHOS� SHUIRUP� WUDQVIHU� OHDUQLQJ�ZKHQ� WKHUH� LV� D� VKRUWDJH� RI� ODEHOHG� GDWD�� 6WLOO�� GHHS�
OHDUQLQJ�PRGHOV�PLJKW� SHUIRUP�ZRUVH�ZKHQ� WKH\� DUH� XVHG� LQ� D� GLIIHUHQW� VHWWLQJ� IURP� WKH� WUDLQLQJ� RQH��
DQRWKHU�VSHFLHV��HQYLURQPHQW��PLFURSKRQH�DQG�UHFRUGLQJ�FRQGLWLRQV�

&RPSXWHU�YLVLRQ�WHFKQRORJLHV�ZHUH�DSSOLHG�IRU�UHFRJQLWLRQ�RI�DFWLRQV�DQG�SRVWXUHV�RI�DQLPDOV�EDVHG�RQ�
LPDJHV� RU� YLGHR� IRRWDJH�� 0HWKRGV� VXFK� DV� SRVH� HVWLPDWLRQ� KHOS� GHWHFW� ERG\� NH\SRLQWV�� ZKLOH� LPDJH�
FODVVLILHUV�DUH�DEOH�WR�GHWHFW�EURDG�YLVXDO�VWDWHV��0XOWLPRGDO�V\VWHPV�PLJKW�KHOS�FODVVLI\�VRXQGV�XVLQJ�ERWK�
DXGLR�DQG�YLVXDO�IHDWXUHV�LQ�RUGHU�WR�UHGXFH�DPELJXLW\�LQ�FDVH�VRXQG�DORQH�LV�QRW�VXIILFLHQW��([LVWLQJ�UHVHDUFK�
SURYHV�WKH�SRVVLELOLW\�RI�VLJQDO�FODVVLILFDWLRQ��EXW�WKHUH�DUH�VWLOO�PDQ\�FKDOOHQJHV�OHIW�IRU�WKH�FUHDWLRQ�RI�DQ�
DQLPDO�WUDQVODWRU�GXH�WR�GLIIHUHQFH�LQ�ODEHOV��PHDQLQJV�DQG�VFKHPHV�RI�FRPPXQLFDWLRQ�EHWZHHQ�VSHFLHV�

5HI� 6WXG\ $SSURDFK���)RFXV 0DLQ�&RQWULEXWLRQ

>�@ 6WRZHOO�������
&RPSXWDWLRQDO�
ELRDFRXVWLFV�DQG�GHHS�
OHDUQLQJ

6XPPDULVHG�UHFHQW�GHYHORSPHQWV�LQ�GHHS�
OHDUQLQJ�EDVHG�DFRXVWLF�DQDO\VLV�RI�DQLPDO�
VRXQGV�DQG�RXWOLQHG�IXWXUH�UHVHDUFK�QHHGV�

>�@ 3LF]DN�������
&RQYROXWLRQDO�1HXUDO�
1HWZRUNV��&11V��IRU�
VRXQG�FODVVLILFDWLRQ

6KRZFDVHG�KRZ�&11V�FRXOG�EH�XVHG�WR�
OHDUQ�VRXQG�UHSUHVHQWDWLRQV�LQ�IRUP�RI�D�
VSHFWURJUDP�IRU�FODVVLILFDWLRQ�

>�@
+HUVKH\�HW�DO��
������

'LIIHUHQW�&11�
$UFKLWHFWXUHV�IRU�DXGLR�
UHFRJQLWLRQ

([SORUHG�GHHS�&11�DUFKLWHFWXUHV�IRU�DXGLR�
UHFRJQLWLRQ�WDVNV��ZKLFK�KDYH�DSSOLFDWLRQV�
LQ�DQLPDO�VRXQG�FODVVLILFDWLRQ�

>�@
6DODPRQ��-DFRE\�
DQG�%HOOR�������

8UEDQ�VRXQG�GDWDVHWV�DQG�
FODVVLILFDWLRQ

$�GHYHORSHG�GDWDVHW�DQG�WD[RQRP\�RI�
XUEDQ�VRXQGV�WKDW�KHOS�EXLOG�DQG�HYDOXDWH�
VRXQG�FODVVLILFDWLRQ�V\VWHPV�
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>�@
6WRZHOO�HW�DO��
������

%LUG�DXGLR�GHWHFWLRQ�XVLQJ�
GHHS�OHDUQLQJ

&UHDWHG�D�EHQFKPDUN�FKDOOHQJH�IRU�
DVVHVVLQJ�DXWRPDWHG�ELUG�DXGLR�GHWHFWLRQ�
DOJRULWKPV�EDVHG�RQ�UHDO�ZRUOG�GDWD�

>�@
%HOOR�HW�DO��
������

0RQLWRULQJ�DQG�DQDO\VLQJ�
DFRXVWLF�HQYLURQPHQW

3UHVHQWHG�D�V\VWHP�IRU�PRQLWRULQJ�DQG�
DQDO\VLQJ�VRXQGV�LQ�WKH�XUEDQ�HQYLURQPHQW�

7DEOH�,��6XPPDU\�RI�PDMRU�UHVHDUFK�GLUHFWLRQV�UHOHYDQW�WR�DQ�$,�$QLPDO�7UDQVODWRU�

,,,� 352%/(0�)2508/$7,21�$1'�2%-(&7,9(6

/HW�XV�WDNH�$�WR�EH�DQ�DXGLR�FOLS��9�WR�EH�DQ�LPDJH�RU�YLGHR�FOLS��DQG�&�WR�EH�FRQWH[W�LQ�WHUPV�RI�VSHFLHV��
WLPH��ORFDWLRQ��DQG�UHFHQW�KLVWRU\��7KHQ��WKH�V\VWHP�LV�XVHG�WR�HVWLPDWH�D�VHW�RI�EHKDYLRUDO�ODEHOV�<�DORQJ�
ZLWK�WKH�SUREDELOLWLHV�RI�WKRVH�SUHGLFWLRQV��3�<�_�$��9��&���([DPSOHV�RI�WKHVH�SUHGLFWLRQV�PD\�EH�WKDW�WKH�
DQLPDO�YRFDOL]DWLRQV�FRUUHVSRQG� WR�DODUP�FDOOV�RU� WKDW�FHUWDLQ�SRVWXUHV�FRUUHVSRQG� WR� WKH�DQLPDOV�EHLQJ�
XQFRPIRUWDEOH��7KLV�ODEHO�SUHGLFWLRQ�LV�RQO\�DQ�HVWLPDWLRQ�EDVHG�RQ�WKH�WUDLQLQJ�

7KH�SULPDU\�JRDOV�DUH��

����GHWHFWLRQ�FODVVLILFDWLRQ�RI�DQLPDO�VRXQGV��

����LGHQWLILFDWLRQ�RI�EHKDYLRUV�SRVWXUH�LI�WKHUH�LV�YLGHR��

����PRGDOLW\�LQWHJUDWLRQ�DQG�FRQWH[WXDO�LQSXWV��

����LQWXLWLYH�H[SODQDWLRQ�ZLWK�FRQILGHQFH��

����PXOWL�VSHFLHV�WDUJHWV�XVLQJ�VSHFLHV�VSHFLILF�PRGHOV��

����UHFRUGLQJ�DQG�XVHU�SULYDF\�SURWHFWLRQ��DQG�

����DFFXUDF\�DVVHVVPHQW�WKURXJK�H[SHUW�ODEHOHG�VDPSOHV�

,9� 027,9$7,21�)25�$,�%$6('�$1,0$/�&20081,&$7,21

7KH�RZQHUV�RI�SHWV�FDQ�KDYH�WURXEOH�GLIIHUHQWLDWLQJ�EHWZHHQ�WKH�VLJQDOV�WKDW�WKH�DQLPDO�ZDQWV�DWWHQWLRQ��
RU�LW�UHVSRQGV�WR�DQ�XQXVXDO�VRXQG��RU�LW�IHHOV�XQFRPIRUWDEOH��7KH�IDUPHUV�DQG�RWKHU�SHRSOH�ZKR�WDNH�FDUH�
RI� DQLPDOV� DUH�ZDWFKLQJ�PDQ\� RI� WKHP� DQG� FDQQRW� WUDFN� DOO� WKHLU� EHKDYLRUV�� )RU� WKH� YHWHULQDULDQV�� WKH�
VWUXFWXUHG�ORJJLQJ�RI�KRZ�YRFDOL]DWLRQV�DQG�DFWLYLWLHV�YDU\�RYHU�WLPH�ZLOO�EH�XVHIXO�

7KLV WRRO� FDQ� SURYLGH� DVVLVWDQFH� LQ� UHFRJQL]LQJ� SDWWHUQV�� VWUXFWXULQJ� REVHUYDWLRQV�� DQG� UHDOL]LQJ� WKDW�
H[SHUW�FRQVXOWDWLRQ�LV�UHTXLUHG��,W�GRHV�QRW�OLH�LQ�WKH�IDFW�WKDW�WKLV�ZLOO�VXEVWLWXWH�DQLPDO�FDUH�H[SHUWV�EXW�
UDWKHU� LQ� DGGLWLRQDO� HYLGHQFH� DQG� HDVLHU� UH�UHYLHZLQJ� RI� UHSHDWHG� REVHUYDWLRQV��7KH� V\VWHP� VKRXOG� QRW�
FRQIXVH�WKH�XVHU�E\�JLYLQJ�XQFHUWDLQ�SUHGLFWLRQV�DV�D�IDFW��HVSHFLDOO\�LQ�FDVH�RI�RXWSXWV�UHODWHG�WR�PHGLFLQH�
RU�DQLPDO�ZHOO�EHLQJ�

9� 352326('�6<67(0�$1'�0(7+2'2/2*<

$��$XGLR�9LGHR�5HFRUGLQJV�&ROOHFWLRQ�DQG�/DEHOOLQJ

7KH�V\VWHP�ZLOO�XVH�PLFURSKRQH�IRU�DXGLR�DQG�FDPHUD�IRU�YLGHR�FDSWXULQJ��(DFK�UHFRUG�VKRXOG�FRQWDLQ�
PHWDGDWD�UHJDUGLQJ�WKH�VSHFLHV�DQG�UHFRUGLQJ�VHWWLQJV�DORQJ�ZLWK�FRQWH[W�LQIRUPDWLRQ�DQG�ODEHOV�FRQILUPHG�
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E\�REVHUYHUV�RU�H[SHUWV�LQ�WKH�ILHOG��'LIIHUHQW�VXEMHFWV��DJH��FRQWH[W��DQG�EDFNJURXQG�QRLVH�VKRXOG�EH�XVHG�
LQ� WKH� UHFRUGLQJV�� ,W� LV� LPSRUWDQW� WR�FRQVLGHU� WKH� LVVXHV�RI�FRQVHQW�DQG�ZHOO�EHLQJ�RI� WKH�DQLPDOV�ZKHQ�
FROOHFWLQJ�UHFRUGLQJV�

%��3UHSURFHVVLQJ�DQG�)HDWXUHV�([WUDFWLRQ

)RU�DXGLR�SUHSURFHVVLQJ�ZH�PLJKW�XVH�WKH�VWHSV�RI�QRLVH�UHGXFWLRQ��UHPRYLQJ�VLOHQFHV��QRUPDOL]DWLRQ�RI�
DPSOLWXGH��DQG�VHJPHQWDWLRQ�RI�WKH�VRXQG�LQWR�HTXDO�OHQJWK�ZLQGRZV��:H�FDQ�WUDQVIRUP�WKH�DXGLR�VLJQDO�
LQWR�D�ZDYHIRUP�UHSUHVHQWDWLRQ�ZKLFK�FDQ�IXUWKHU�EH�FRQYHUWHG�LQWR�D�VSHFWURJUDP�RU�ORJ�0HO�VSHFWURJUDP��
2WKHU� SRWHQWLDO� DXGLR� IHDWXUHV� DUH�0)&&V�� SLWFK�� HQHUJ\�� GXUDWLRQ�� DQG� VSHFWUDO� EDQGZLGWK�� )RU� YLGHR�
SUHSURFHVVLQJ��ZH�PLJKW�VHOHFW�IUDPHV��UHVL]H��DGMXVW�WKH�EDFNJURXQG��DQG�GHWHFW�WKH�SUHVHQFH�RI�WKH�DQLPDO�

&��0RGHO�7UDLQLQJ�DQG�0XOWLPRGDO�)XVLRQ

:H�FDQ�XVH�&11�EDVHG�RU�DQ\�SUH�WUDLQHG�DXGLR�PRGHO�IRU�UHFRJQLWLRQ�RI�VRXQGV��)RU�UHFRJQL]LQJ�WKH�
EHKDYLRU�IURP�WKH�YLGHR��ZH�FDQ�XVH�D�&11�WR�GHWHFW�DQLPDO
V�SRVWXUH�PRYHPHQW��7ZR�PRGHOV�ZLOO�JHQHUDWH�
WZR�IHDWXUH�VHWV�ZKLFK�FDQ�EH�IXVHG�DW�WKH�IHDWXUH�OHYHO��GHFLVLRQ�OHYHO��RU�XVLQJ�DQ�DWWHQWLRQ�PHFKDQLVP��
6SHFLHV� LGHQWLILHU� RU� VSHFLHV�VSHFLILF� FODVVLILHU� ZLOO� EH� XVHIXO� IRU� DYRLGLQJ� PLVWDNHV� GXH� WR� GLIIHUHQW�
PHFKDQLVPV�RI�VRXQG�JHQHUDWLRQ� LQ�RWKHU�VSHFLHV��7KH� WUDLQLQJ�SURFHVV�VKRXOG�XVH�VHSDUDWH�GDWDVHWV� IRU�
WUDLQLQJ��YDOLGDWLRQ��DQG�WHVWLQJ��DQG�LW�ZRXOG�EH�EHVW�WR�GLYLGH�LQGLYLGXDO�DQLPDOV�EHWZHHQ�WKHVH�GDWDVHWV�LQ�
RUGHU�WR�DYRLG�GDWD�OHDNDJH�

'��,QWHUSUHWDWLRQ�DQG�8,�GHVLJQ

7KH�RXWSXW�VWDWHPHQWV�VKRXOG�LQFOXGH�SUHFLVH�WHUPV�OLNH��7KLV�SDWWHUQ�PLJKW�LQGLFDWH�DOHUWQHVV��RU��7KLV�
EHKDYLRU�UHODWHV�WR�SRVVLEOH�GLVFRPIRUW���7KH�GHWHFWHG�VRXQG�EHKDYLRU��FHUWDLQW\�RI�WKH�RXWSXW��WLPHVWDPS�
RI�WKH�HYHQW��DQG�D�VKRUW�GHVFULSWLRQ�DUH�UHTXLUHG��,I� WKH�FHUWDLQW\�RI�WKH�FODVVLILFDWLRQ�LV� OHVV�WKDQ�VRPH�
WKUHVKROG�RU�DQ�XQNQRZQ�VSHFLHV�ZDV�SURYLGHG��WKH�V\VWHP�VKRXOG�VD\��8QFHUWDLQ��LQVWHDG�RI�WU\LQJ�WR�PDNH�
D�FODVVLILFDWLRQ��&RQVLVWHQW�VLJQV�RI�SDLQ�RU�LOOQHVV�UHTXLUH�FRQVXOWLQJ�D�YHWHULQDULDQ�

9,� 352326('�6<67(0�$5&+,7(&785(

,1387�/$<(5��0LFURSKRQH��VRXQG�PDGH�E\�DQLPDOV����&DPHUD��SRVWXUH�PRYHPHQW����
&RQWH[W��VSHFLHV��WLPH��HQYLURQPHQW�

Ļ

35(�352&(66,1*��1RLVH�UHPRYDO���$XGLR�VOLFLQJ���)UDPH�H[WUDFWLRQ�IURP�YLGHR���'DWD�TXDOLW\�
DVVXUDQFH

Ļ

)($785(�(;75$&7256��/RJ�0HO�6SHFWURJUDP�0)&&V���3RVH�.H\SRLQWV�9LVXDO�IHDWXUHV���
&RQWH[WXDO�)HDWXUHV
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Ļ

$,�02'(/6��$XGLR�PRGHO���%HKDYLRXU�PRGHO���6SHFLHV�VSHFLILF�PRGHO

Ļ

08/7,02'$/�)86,21��&RPELQDWLRQ�RI�DXGLR�GDWD��YLVXDO�GDWD��DQG�FRQWH[WXDO�GDWD�WR�PDNH�
SUHGLFWLRQV

Ļ

287387�/$<(5��,QWHUSUHWDWLRQ�RI�REVHUYHG�EHKDYLRXU���&RQILGHQFH���$OHUWV���+LVWRU\�RI�
REVHUYDWLRQV

)LJ�����&RQFHSWXDO�DUFKLWHFWXUH�RI�WKH�SURSRVHG�$,�$QLPDO�7UDQVODWRU�

9,,� (9$/8$7,21�0(75,&6

(YDOXDWLRQ�RI� WKH�SHUIRUPDQFH�RI� WKH�$,�$QLPDO�7UDQVODWRU� FDQ�EH�SHUIRUPHG�EDVHG�RQ� WKH�H[WHQW� WR�
ZKLFK�WKH�SURSRVHG�V\VWHP�FDQ�UHFRJQL]H�VRXQGV�DQG�FRPSUHKHQG�DQLPDO�EHKDYLRU��)DFWRUV�VXFK�DV�VRXQG�
FODVVLILFDWLRQ��VSHFWURJUDP�DQDO\VLV��YRFDOL]DWLRQ�GHWHFWLRQ��DQG�EHKDYLRU�UHFRJQLWLRQ�FDQ�EH�XVHG�WR�SURYH�
ZKHWKHU�WKH�V\VWHP�SHUIRUPV�ZHOO�LQ�UHFRJQL]LQJ�VRXQGV�DQG�SRVVLEO\�VRPH�VWDWHV��LQFOXGLQJ�KXQJHU��IHDU��
VWUHVV��DOHUWQHVV��RU�GLVFRPIRUW��$XGLR�UHFRUGLQJV��YLGHR�REVHUYDWLRQV��DQG�ODEHOHG�GDWDVHWV�FDQ�EH�XVHG�IRU�
HYDOXDWLRQ�SXUSRVHV�

$Q�HIIHFWLYH�$,�$QLPDO�7UDQVODWRU�V\VWHP�VKRXOG�ZRUN�ZLWK�KLJK�DFFXUDF\�LQ�GLIIHUHQW�DQLPDO�VSHFLHV��
LQGLYLGXDO�DQLPDOV��DQG�FRQGLWLRQV�RI� WKHLU�HQYLURQPHQW��6XFK�PHWULFV�DV�DFFXUDF\��SUHFLVLRQ�� UHFDOO��)��
VFRUH�� DQG� FRQIXVLRQ� PDWUL[� FDQ� EH� XVHG� IRU� WKH� DVVHVVPHQW� RI� WKH� V\VWHP
V� SHUIRUPDQFH�� 6RXQG�
FODVVLILFDWLRQ�FDQ�EH�HYDOXDWHG�ZLWK�GLIIHUHQW�YRFDOL]DWLRQV��DQG�EHKDYLRU�UHFRJQLWLRQ�FDQ�EH�SHUIRUPHG�E\�
WDNLQJ�LQWR�FRQVLGHUDWLRQ�DQLPDO
V�SRVWXUH��IDFLDO�H[SUHVVLRQV��DQG�PRYHPHQWV��(YDOXDWLRQ�RI�WKH�$,�$QLPDO�
7UDQVODWRU�XQGHU�QRLV\�FRQGLWLRQV�DQG�ZLWK�DQ�XQIDPLOLDU�DQLPDO�ZLOO�VKRZ�WKH�SHUIRUPDQFH�RI�WKH�V\VWHP�

(YDOXDWLRQ� RI� WKH�$,�$QLPDO� 7UDQVODWRU� LQ� FKDOOHQJLQJ� HQYLURQPHQWV�� LQFOXGLQJ� EDFNJURXQG� QRLVHV��
XQFOHDU� YRFDOL]DWLRQV�� FKDQJHV� LQ� EHKDYLRU�� DQG� VSHFLHV
� GLIIHUHQFH�� FDQ� EH� XVHG� WR� UHYHDO� LQFRUUHFW�
SUHGLFWLRQV�RI�WKH�V\VWHP��,W�LV�FUXFLDO�WR�KDYH�WKH�XQFHUWDLQW\�GHWHFWLRQ�DQG�FRQILGHQFH�VFRUHV�EHFDXVH�LW�LV�
HVVHQWLDO� IRU� WKH� V\VWHP� WR� DYRLG�SURYLGLQJ�XQFHUWDLQ� LQWHUSUHWDWLRQV�RI� DQLPDO�EHKDYLRU�RU� HPRWLRQV� DV�
FRQILUPHG�LQWHQWLRQV�RU�HPRWLRQV�RI�WKH�DQLPDO�

7KHUH�DUH�VHYHUDO�SUDFWLFDO�DVSHFWV�RI�WKH�V\VWHP�WKDW�FDQ�EH�XVHG�IRU�FRPSDULVRQ�RI�GLIIHUHQW�PRGHOV�RI�
WKH�$,�$QLPDO�7UDQVODWRU�LQFOXGLQJ�WUDLQLQJ�WLPH��FRPSXWDWLRQDO�DQG�PHPRU\�UHVRXUFHV��SUHGLFWLRQ�VSHHG��
VL]H�RI�WKH�GDWDVHW��DFFXUDF\�RI�WKH�FODVVLILFDWLRQ��DQG�WKH�QXPEHU�RI�VXSSRUWHG�VSHFLHV��7KH�TXDOLW\�RI�DXGLR�
DQG�YLGHR��UREXVWQHVV�LQ�WKH�UHDO�HQYLURQPHQW��DQG�LQWHUSUHWDWLRQ�TXDOLW\�FDQ�EH�DOVR�XVHG�
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9,,,� &+$//(1*(6�$1'�/,0,7$7,216

$QRWKHU�REVWDFOH�LQ�WKH�GHYHORSPHQW�RI�WKH�WRRO�LV�WKDW�RQH�FDQQRW�DVVXPH�WKDW�WKH�VDPH�DFRXVWLF�SDWWHUQ�
KDV� WKH�VDPH�PHDQLQJ�DFURVV�GLIIHUHQW�DQLPDOV��9RFDOL]DWLRQV�PD\�GLIIHU�GHSHQGLQJ�RQ� WKH�DJH��JHQGHU��
KHDOWK�� LQGLYLGXDOLW\�� VRFLDO� FRQWH[W� DQG� KDELWDW� RI� WKH� DQLPDO� 3XEOLF� GDWDEDVHV� DUH� VPDOO�� XQHYHQ� DQG�
XQEDODQFHG��VRPH�ZHOO�NQRZQ�VSHFLHV�DUH�VWXGLHG�PRUH�RIWHQ��

2XWGRRU�VRXQGV�DUH�DVVRFLDWHG�ZLWK�ZLQG��YHKLFOHV��LQVHFWV��DQLPDOV�DQG�PLFURSKRQH�DUWLIDFWV��,Q�YLGHR�
GDWD��ORZ�OLJKW��RFFOXVLRQV��SHUVSHFWLYH�DQG�GLVWDQFH�FDQ�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�V\VWHP��/DEHOV�OLNH�
IHDU��SDLQ�DQG�KDSSLQHVV�FDQQRW�EH�REVHUYHG�DQG�UHTXLUH�D� ORW�RI�H[SHUW�FRQVLGHUDWLRQ��0LVFODVVLILFDWLRQ�
UHVXOWV�PD\�OHDG�SHRSOH�WR�RYHUORRN�WKH�UHDO�SUREOHP�RU�WR�UHDFW�WR�WKH�IDOVH�VLWXDWLRQ�LQDSSURSULDWHO\�

3ULYDF\�DQG�HWKLFDO�GDWD�XVDJH�LVVXHV�VKRXOG�EH�FRQVLGHUHG�DV�ZHOO��8QLQWHQWLRQDO�VRXQG�UHFRUGLQJ�PD\�
FRQWDLQ�KXPDQV
�YRLFH�RU�ORFDWLRQ�RI�WKH�XVHU��7KH�V\VWHP�VKRXOG�FROOHFW�WKH�OHDVW�DPRXQW�RI�GDWD��VHFXUH�LWV�
VWRUDJH��HQDEOH�UHFRUG�GHOHWLRQ�DQG�LQIRUP�DERXW�OLPLWDWLRQV��,W�VKRXOG�QRW�EH�VROG�DV�D�XQLYHUVDO�DQLPDO�
ODQJXDJH�GHFRGHU�DQG�VXEVWLWXWH�YHWHULQDULDQ�

,;� $33/,&$7,216

3HW�FDUH��VXPPDUL]H�YRFDOL]DWLRQV�DQG�DFWLYLWLHV�DQG�KHOS�WKH�RZQHU�LGHQWLI\�DQ\�FKDQJHV�WKDW�PLJKW�EH�
ZRUWK� REVHUYLQJ�� 9HWHULQDU\� KHOS�� JLYH� WKH� SURIHVVLRQDO� DQ� DXGLR�YLGHR� UHFRUGLQJ� ZLWK� WLPHVWDPS��
$JULFXOWXUH�� PRQLWRU� WKH� DQLPDOV¶� DFWLYLWLHV� DQG� YRFDOL]DWLRQV� RQ� IDUPV� RU� LQ� WKH� EDUQV�� :LOGOLIH�
FRQVHUYDWLRQ��UHFRUG�WKH�YRFDOL]DWLRQV�RI�GLIIHUHQW�VSHFLHV��$QLPDO�EHKDYLRU�VWXG\��RUJDQL]H�UHFRUGLQJV�DQG�
VHOHFW�WKH�SRVVLEOH�SDWWHUQV�IRU�UHVHDUFK��$QLPDO�VKHOWHUV��KHOS�REVHUYH�WKH�VWUHVV�EHKDYLRUV�RI�WKH�DQLPDOV�
XQGHU�VWUXFWXUHG�FRQGLWLRQV�

;� )8785(�',5(&7,216

*RLQJ� IRUZDUG�� EDODQFHG� DQG� H[SHUW�ODEHOHG� GDWDVHWV� VKRXOG� EH� FROOHFWHG IRU� GLIIHUHQW� VSHFLHV� DQG�
FRQGLWLRQV��DQG�DSSURDFKHV�IRU�LQGLYLGXDOL]HG�DGDSWDWLRQ�ZLWKRXW�RYHUILWWLQJ�QHHG�WR�EH�GHYHORSHG��6HOI�
VXSHUYLVHG� OHDUQLQJ� DQG� WUDQVIHU� OHDUQLQJ� FRXOG� GHFUHDVH� GHSHQGHQF\� RQ� FRVWO\� PDQXDO� ODEHOLQJ��
0XOWLPRGDO�IRXQGDWLRQ�PRGHOV�PLJKW�FRPELQH�VRXQG��YLGHR��DQG�RWKHU�FRQWH[W�GDWD��ZKHUHDV�HGJH�$,�ZLOO�
DOORZ� ORZ�ODWHQF\� LQIHUHQFH�RQ�PRELOH�GHYLFHV��)HGHUDWHG� OHDUQLQJ�PLJKW� IDFLOLWDWH� FRRSHUDWLRQ�ZLWKRXW�
FHQWUDOL]HG�UHFRUGLQJV�

7KH�RWKHU�FUXFLDO�UHVHDUFK�DUHD�ZRXOG�EH�H[SODLQDELOLW\�± WKH�V\VWHP�QHHGV�WR�VSHFLI\�ZKDW�DFRXVWLF�RU�
YLVXDO�IHDWXUH�OHG�WR�WKH�FHUWDLQ�RXWSXW��&DOLEUDWLRQ��RXW�RI�GLVWULEXWLRQ�GHWHFWLRQ��H[WHUQDO�YDOLGDWLRQ��DQG�
LQGHSHQGHQW�DQLPDO�ZHOIDUH�HYDOXDWLRQ�VKRXOG�EH�FRQVLGHUHG�DV�NH\�HOHPHQWV�RI�GHYHORSPHQW��6WXGLHV�RYHU�
WLPH�DUH�UHTXLUHG�WR�VHH�ZKHWKHU�WKH�DSSOLFDWLRQ�PDNHV�D�SRVLWLYH�GLIIHUHQFH�WR�DQLPDO�WUHDWPHQW�DQG�LI�LWV�
QRWLILFDWLRQV�DUH�XVHIXO�WR�WKH�XVHU�

;,� &21&/86,21

,Q� WKLV� SDSHU��ZH� SURSRVH� WKH� GHVLJQ� RI� D�PXOWLPRGDO� GHFLVLRQ� VXSSRUW�PRGHO� FDOOHG� WKH�$,�$QLPDO�
7UDQVODWRU��ZKLFK�DLPV�DW�LQWHUSUHWLQJ�WKH�VRXQG�DQG�EHKDYLRU�RI�DQLPDOV��7KH�$,�$QLPDO�7UDQVODWRU�PDNHV�
XVH�RI�WHFKQLTXHV�VXFK�DV�DXGLR�SUHSURFHVVLQJ��PDFKLQH�OHDUQLQJ��FRPSXWHU�YLVLRQ��FRQWH[W��DQG�FRQILGHQFH�
DZDUHQHVV�WR�SURYLGH�SRWHQWLDO�EHKDYLRUDO�LQWHUSUHWDWLRQV�LQ�DQ�XQGHUVWDQGDEOH�IRUPDW��$SSOLFDWLRQV�FRXOG�
UDQJH�IURP�SHW�RZQHUVKLS��YHWHULQDULDQ�SUDFWLFH��OLYHVWRFN�PDQDJHPHQW��WR�ZLOGOLIH�VWXGLHV��1HYHUWKHOHVV��
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DQLPDO�FRPPXQLFDWLRQ�YDULHV�DFFRUGLQJ�WR�VSHFLHV�DQG�FRQWH[W��DQG�WKH�PRGHO�VKRXOG�QRW�PDNH�DVVXPSWLRQV�
DERXW�ZKDW�WKH�DQLPDOV�WKLQN�RU�IHHO��,Q�RUGHU�WR�XVH�WKLV�WRRO�HIIHFWLYHO\��YDULRXV�SUHFDXWLRQV�DUH�QHHGHG�

5()(5(1&(6

>�@�'��6��6��$��6WRZHOO���&RPSXWDWLRQDO�ELRDFRXVWLFV�ZLWK�GHHS�OHDUQLQJ��D�UHYLHZ�DQG�URDGPDS���DU;LY�
SUHSULQW�������

>�@�-��6DODPRQ��&��-DFRE\��DQG�-��3��%HOOR���$�'DWDVHW�DQG�7D[RQRP\�IRU�8UEDQ�6RXQG�5HVHDUFK���LQ�3URF��
$&0�0XOWLPHGLD�������

>�@�.��-��3LF]DN���(QYLURQPHQWDO�VRXQG�FODVVLILFDWLRQ�ZLWK�FRQYROXWLRQDO�QHXUDO�QHWZRUNV���LQ�3URF��,(((�
,QWHUQDWLRQDO�:RUNVKRS�RQ�0DFKLQH�/HDUQLQJ�IRU�6LJQDO�3URFHVVLQJ�������

>�@�6��+HUVKH\�HW�DO����&11�$UFKLWHFWXUHV�IRU�/DUJH�6FDOH�$XGLR�&ODVVLILFDWLRQ���LQ�3URF��,(((�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�$FRXVWLFV��6SHHFK�DQG�6LJQDO�3URFHVVLQJ��,&$663��������

>�@� -�� 3�� %HOOR� HW� DO��� �621<&��$� 6\VWHP� IRU� 0RQLWRULQJ��$QDO\VLV� DQG� 0LWLJDWLRQ� RI� 8UEDQ� 1RLVH�
3ROOXWLRQ���&RPPXQLFDWLRQV�RI�WKH�$&0��YRO������QR�����SS����±���������

>�@�$��*��=��5��HW�DO����$QLPDO�EHKDYLRXU�UHFRJQLWLRQ�DQG�WUDFNLQJ�XVLQJ�FRPSXWHU�YLVLRQ��D�UHYLHZ���UHOHYDQW�
UHYLHZ�OLWHUDWXUH��FKHFN�H[DFW�UHIHUHQFHV�EHIRUH�ILQDO�VXEPLVVLRQ�

>�@�:RUOG�2UJDQLVDWLRQ�IRU�$QLPDO�+HDOWK��:2$+����$QLPDO�:HOIDUH���WRSLF�UHVRXUFHV��RIILFLDO�ZHEVLWH��
DFFHVV�GDWH������

>�@�&RUQHOO�/DE�RI�2UQLWKRORJ\���%LRDFRXVWLFV�DQG�SDVVLYH�DFRXVWLF�PRQLWRULQJ��UHVRXUFHV�
>�@�'��6WRZHOO��0��'��:RRG��+��3DPXáD��<��6W\OLDQRX��DQG�+��*ORWLQ���$XWRPDWLF�DFRXVWLF�GHWHFWLRQ�RI�ELUGV�

WKURXJK�GHHS�OHDUQLQJ��WKH�ILUVW�%LUG�$XGLR�'HWHFWLRQ�FKDOOHQJH���0HWKRGV�LQ�(FRORJ\�DQG�(YROXWLRQ��
�����


