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aıőČãƀ͓¢ČãƀÿĬ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

TXHU\ UDQN

�

�

1

([KDXVWLYH�VHDUFK

䕫 LQIHDVLEOH�LQ�ODUJH�GDWDEDVH�RI�
PLOOLRQV�RU�ELOOLRQV�RI�LWHPV�

䕫 ZDVWHIXO�RI�FRPSXWDWLRQ
ż RQO\�D�VPDOO�VXEVHW��LV�UHOHYDQW
ż UHDO�WLPH�UDQNLQJ�LV�LPSRVVLEOH

VHDUFK
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�ŽŽƀŚƹıŏãƔČ͓őČãƀČƈƔ͓őČıĥĬþŚƀ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

TXHU\ VHDUFK UDQN

�

�

N

$SSUR[LPDWH�6HDUFK

䕫 $11�VHDUFK�EXLOGV�DQ�LQGH[�
VWUXFWXUH
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�ŽŽƀŚƹıŏãƔČ͓őČãƀČƈƔ͓őČıĥĬþŚƀ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

TXHU\ VHDUFK UDQN

�

�

N

$SSUR[LPDWH�6HDUFK

䕫 $11�VHDUFK�EXLOGV�DQ�LQGH[�
VWUXFWXUH
ż OLPLWV�WKH�VHDUFK�WR�D�VXEVHW�
RI�FDQGLGDWH�LWHPV�
�VXE�OLQHDU�

䕫 +RZ�WR�FRQVWUXFW�WKH�LQGH["
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�ŽŽƀŚƹıŏãƔČ͓őČãƀČƈƔ͓őČıĥĬþŚƀ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

TXHU\ VHDUFK UDQN $SSUR[LPDWH�6HDUFK��+DVKLQJ�

䕫 7UDQVIRUPV�LPDJHV�LQWR�ELQDU\�
YHFWRUV�

�

P

䕫 /LQHDU�6HDUFK�LQ�'LVFUHWH�VSDFH�
Ɣ 0HPRU\�HIĆFLHQW���0%�IRU��0�LWHPV
Ɣ &RPSXWH�HIĆFLHQW����LQVWUXFWLRQV�SHU�

GLVWDQFH�FRPSXWDWLRQ

FRQYHUWHG�
RIćLQH

FRQYHUWHG�
RQOLQH

䕫 6HDUFK�YLD�WDEOH�ORRN�XS
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IãƈĬ́ĤƜőÿƔıŚő͓ŇČãƀőıőĥ
䕫 /HDUQ�D�KDVK�IXQFWLRQ

.KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK��

䕫 2YHUDOO�REMHFWLYH�IXQFWLRQ�RI�KDVKLQJ�PHWKRGV

KDVKLQJ�UHJXODUL]HU
PLQLPL]HV�JDS�EHWZHHQ�
FRQWLQXRXV�DQG�GLVFUHWH�
RSWLPL]DWLRQV�

æĉŔàŎêŜê˘ÿšĦàŜĉĬĦ àĬĦŜĉĦšĬšŔ˘ŎêğÃŽÃŜĉĬĦ

����������

æĉŔàŎêŜĉƇÃŜĉĬĦ

ORFDOLW\�SUHVHUYLQJ�ORVV
SUHVHUYHV�WKH�VHPDQWLFV�
RI�������������LQ�GLVFUHWH�VSDFH
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IãƈĬıőĥ͓aŚƈƈ͓*ƹãŏŽŇČƈ
/RFDOLW\�3UHVHUYLQJ��/RVV

FXUUHQ�SRLQW

'LVVLPLODU�SRLQW

VLPLODU�SRLQW

Ɣ 6LPLODU�'LVVLPLODU��VDPH�
FODVV�GLIIHUHQW�FODVV

Ɣ 6LPLODU�'LVVLPLODU��QHDUHVW�
QHLJKERU�GLVWDQW�QHLJKERU

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

4XDQWL]DWLRQ�/RVV��5HJXODUL]DWLRQ�

%LW�8QFRUUHODWLRQ

�������

�������
�������

��������Ľ

��������Ľ
��������Ľ

/RZ�4XDQWL]DWLRQ�(UURU%LW�%DODQFH

�������

�������
�������
����EHLQJ���RU��
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IãƈĬıőĥ͓aŚƈƈ͓*ƹãŏŽŇČƈ

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

4XDQWL]DWLRQ�/RVV��5HJXODUL]DWLRQ�

%LW�%DODQFH�

%LW�8QFRUUHODWLRQ�

/RZ�4XDQWL]DWLRQ�(UURU�

/RFDOLW\�3UHVHUYLQJ��/RVV

FXUUHQ�SRLQW

'LVVLPLODU�SRLQW

VLPLODU�SRLQW

Ɣ 6LPLODU�'LVVLPLODU��VDPH�
FODVV�GLIIHUHQW�FODVV

Ɣ 6LPLODU�'LVVLPLODU��QHDUHVW�
QHLJKERU�GLVWDQW�QHLJKERU

DYHUDJHG�ELWèV�PD[LPXP�HQWURS\

RUWKRJRQDO�SURMHFWLRQ

ELWèV�PLQLPXP�HQWURS\
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�ƜãőƔıǄãƔıŚő͓�ČĥƜŇãƀıǄãƔıŚő͓ĬČŇŽƈ͓ČǊÿıČőÿƺ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

>6RXUFH@

&RPSOH[�REMHFWLYH�LQFUHDVHV�WUDLQLQJ�FRPSOH[LW\�
�L�H���K\SHUSDUDPHWHU�WXQLQJ�
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�ƜãőƔıǄãƔıŚő͓�ČĥƜŇãƀıǄãƔıŚő͓ĬČŇŽƈ͓ČǊÿıČőÿƺ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

&RPSOH[�REMHFWLYH�LQFUHDVHV�WUDLQLQJ�FRPSOH[LW\�
�L�H���K\SHUSDUDPHWHU�WXQLQJ�

&RPSOH[�REMHFWLYH�UHVXOWV�LQ�VXE�RSWLPDO�TXDQWL]DWLRQ

>'RDQ�HW�DO������@

H[LVWLQJ�RSWLPL]DWLRQ
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�ƜãőƔıǄãƔıŚő͓�ČĥƜŇãƀıǄãƔıŚő͓ĬČŇŽƈ͓ČǊÿıČőÿƺ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

&RPSOH[�REMHFWLYH�LQFUHDVHV�WUDLQLQJ�FRPSOH[LW\�
�L�H���K\SHUSDUDPHWHU�WXQLQJ�

&RPSOH[�REMHFWLYH�UHVXOWV�LQ�VXE�RSWLPDO�TXDQWL]DWLRQ

>'RDQ�HW�DO������@

WKLV�ZRUN
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¢ıőĥŇČ́ƈĬŚƔ͓�ƜãőƔıǄãƔıŚő

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

3UHYLRXV�DSSURDFKHV�

$GYDQWDJHV��HDVLHU�RSWLPL]DWLRQ
'LVDGYDQWDJHV��PRUH�K\SHUSDUDPHWHU�WXQLQJ

����������

RSWLPDO��GLVWULEXWLRQ
�ZLWK�PD[LPXP�HQWURS\�

2XU�DSSURDFK��VLQJOH�GLYHUJHQFH�ORVV

$GYDQWDJHV��VLQJOH�VKRW�RSWLPL]DWLRQ
'LVDGYDQWDJHV��FKDOOHQJLQJ��WR�RSWLPL]H

��Ć[HG�GLVWULEXWLRQ

OHDUQHG�GLVWULEXWLRQ

7DVN��OHDUQ���ELW�KDVK�IXQFWLRQ
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¢ıőĥŇČ́ƈĬŚƔ͓�ƜãőƔıǄãƔıŚő

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

)LJ��/HDUQ���ELW�KDVK�IXQFWLRQ�RQ�&,)$5��èV�GDWD�IURP���FODVVHV

2ULJLQDO�+DVK1HW +DVK1HW�6LQJOH�/RVV

3UHYLRXV�DSSURDFKHV�

$GYDQWDJHV��HDVLHU�RSWLPL]DWLRQ
'LVDGYDQWDJHV��PRUH�K\SHUSDUDPHWHU�WXQLQJ

2XU�DSSURDFK��VLQJOH�GLYHUJHQFH�ORVV

$GYDQWDJHV��VLQJOH�VKRW�RSWLPL]DWLRQ
'LVDGYDQWDJHV��FKDOOHQJLQJ��WR�RSWLPL]H

��Ć[HG�GLVWULEXWLRQ
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¢ıőĥŇČ́ƈĬŚƔ͓�ƜãőƔıǄãƔıŚő

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

)LJ��/HDUQ���ELW�KDVK�IXQFWLRQ�RQ�&,)$5��èV�GDWD�IURP���FODVVHV

2ULJLQDO�+DVK1HW +DVK1HW�6LQJOH�/RVV 2ULJLQDO�&64 &64�6LQJOH�/RVV

3UHYLRXV�DSSURDFKHV�

$GYDQWDJHV��HDVLHU�RSWLPL]DWLRQ
'LVDGYDQWDJHV��PRUH�K\SHUSDUDPHWHU�WXQLQJ

2XU�DSSURDFK��VLQJOH�GLYHUJHQFH�ORVV

$GYDQWDJHV��VLQJOH�VKRW�RSWLPL]DWLRQ
'LVDGYDQWDJHV��FKDOOHQJLQJ��WR�RSWLPL]H

��Ć[HG�GLVWULEXWLRQ
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�ĬŚŚƈıőĥ͓ƔĬČ͓͉ƀıĥĬƔ͓͊ĆıƳČƀĥČőÿČ

:DVVHUVWHLQ�'LVWDQFH
� 1RQ�WULYLDO�WR�HVWLPDWH
� +LJK�VDPSOH�FRPSOH[LW\
� 3RVVLEO\�PLQLPD[�RSWLPL]DWLRQ��GXDO�GRPDLQ��

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

2EMHFWLYH�

2WKHU�GLYHUJHQFHV��H�J��./��-6'��HWFð�
� 'R�QRW�ZRUN�IRU�GLVWULEXWLRQV�ZLWK�QRQ�RYHUODSSLQJ�VXSSRUWV
� +LJK�VDPSOH�FRPSOH[LW\
� 0LQLPD[�RSWLPL]DWLRQ

+DVK�6OLFHG�:DVVHUVWHLQ�'LVWDQFH
� /RZHU�VDPSOH�FRPSOH[LW\
� 1R�PLQLPD[
� 6PDOO�QXPEHU�RI�GLVFULPLQDWLYH�SURMHFWLRQV

QR�SURMHFWLRQ��DYHUDJLQJ�DORQJ�
HDFK�KDVKLQJ�GLPHQVLRQ

SURMHFWLRQ�LQWR���'�VSDFH

6OLFHG�:DVVHUVWHLQ�'LVWDQFH
� /RZHU�VDPSOH�FRPSOH[LW\
� 1R�PLQLPD[
� 6HYHUDO�GLUHFWLRQV�DUH�GLVFULPLQDWLYH
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�ČƀĤŚƀŏãőÿČ͓*ƳãŇƜãƔıŚő͓̻�ƀČÿıƈıŚőΎ˟˞˞˞̼͓

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

%OXH��LPSURYHPHQW�RYHU�RULJLQDO�PHWKRGV3UHFLVLRQ#N� �QXPEHU�RI������������N5HWULHYH�N�LWHPV

6LQJOH�/DEHO�'DWD

�6��6OLFHG�:DVVHUVWHLQ�(VWLPDWH���_����&��3URSRVHG�:DVVHUVWHLQ�(VWLPDWH
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6LQJOH�/DEHO�'DWD

�ČƀĤŚƀŏãőÿČ͓*ƳãŇƜãƔıŚő͓̻�ƀČÿıƈıŚőΎ˟˞˞˞̼͓

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

0XOWL�/DEHO�'DWD

%OXH��LPSURYHPHQW�RYHU�RULJLQDO�PHWKRGV3UHFLVLRQ#N� �QXPEHU�RI������������N5HWULHYH�N�LWHPV

�6��6OLFHG�:DVVHUVWHLQ�(VWLPDWH���_����&��3URSRVHG�:DVVHUVWHLQ�(VWLPDWH
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�ČƀĤŚƀŏãőÿČ͓*ƳãŇƜãƔıŚő͓̻�ƀČÿıƈıŚőΎ˟˞˞˞̼͓

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

6LQJOH�/DEHO�'DWD 0XOWL�/DEHO�'DWD

%OXH��LPSURYHPHQW�RYHU�RULJLQDO�PHWKRGV3UHFLVLRQ#N� �QXPEHU�RI������������N5HWULHYH�N�LWHPV

�6��6OLFHG�:DVVHUVWHLQ�(VWLPDWH���_����&��3URSRVHG�:DVVHUVWHLQ�(VWLPDWH
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�ČƀĤŚƀŏãőÿČ͓*ƳãŇƜãƔıŚő͓̻i��Ύˣ˞˞˞̼͓

������������ .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK

0$3#N� �0HDQ�RI�$YHUDJH�3UHFLVLRQV�IURP���WR�N��$UHD�XQGHU�35�&XUYH�5HWULHYH�N�LWHPV

�6��6OLFHG�:DVVHUVWHLQ�(VWLPDWH���_����&��3URSRVHG�:DVVHUVWHLQ�(VWLPDWH

6LQJOH�/DEHO�'DWD 0XOWL�/DEHO�'DWD
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7KH�OHDUQHG�KDVK�FRGHV�DUH�
Ɣ %HWWHU�VHSDUDWLRQ�EHWZHHQ�FODVV�
Ɣ %HWWHU�FORVHQHVV�ZLWKLQ�D�FODVV�

�ƜãŇıƔãƔıƳČ͓�őãŇƺƈıƈ

0RUH�FRPSXWDWLRQDOO\�HIĆFLHQW�HYHQ�
EHIRUH�LQWHQVLYH�PRGHO�VHOHFWLRQ

$YHUDJHG�UXQQLQJ�WLPH�SHU�HSRFK�DFURVV�GLIIHUHQW�
VXSHUYLVHG�KDVKLQJ�PHWKRGV��LQ�VHFRQGV��

7KH�W�61(�YLVXDOL]DWLRQV�RI�WKH�TXDQWL]HG����ELW�KDVK�FRGHV

�� ����������.KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK
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䕫 'HYHORS�D�QHZ�WUDLQLQJ�IUDPHZRUN�
ż RQH�TXDQWL]DWLRQ�ORVV��YV��!��
ż EHWWHU�TXDQWL]HG�KDVK�IXQFWLRQV
ż EHWWHU�UHWULHYDO�SHUIRUPDQFH
ż VLJQLĆFDQWO\�IDVWHU�WUDLQLQJ

AãƈƔČƀ͓IãƈĬ́AƜőÿƔıŚő͓¯ƀãıőıőĥ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

&DXVDWLYH�
$WWDFNV([SORUDWRU\�

$WWDFNV

䕫 'HYHORS�DQ�RSWLPL]DWLRQ�IUDPHZRUN
ż DGYHUVDULDO�JDPH�EHWZHHQ�DWWDFNHU�DQG�

PRGHO�WUDLQHU
ż UHDOLVWLF�WKUHDW�PRGHO

Ŷ LQYLVLEOH�WR�KXPDQèV�LQVSHFWLRQ
Ŷ LQYLVLEOH�DQG�DGDSWLYH��WR�PDFKLQHèV�

LQVSHFWLRQ

�ƀƔıǌÿıãŇ͓NőƔČŇŇıĥČőÿČ͓¢ČÿƜƀıƔƺ
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䕫 'HYHORS�D�QHZ�WUDLQLQJ�IUDPHZRUN�
ż RQH�TXDQWL]DWLRQ�ORVV��YV��!��
ż EHWWHU�TXDQWL]HG�KDVK�IXQFWLRQV
ż EHWWHU�UHWULHYDO�SHUIRUPDQFH
ż VLJQLĆFDQWO\�IDVWHU�WUDLQLQJ

¢ıőĥŇČ́aŚƈƈ͓IãƈĬıőĥ͓�ŇĥŚƀıƔĬŏƈ

�� .KRD�'��'RDQ�_�9LUJLQLD�7HFK�_�%DLGX�5HVHDUFK ����������

&DXVDWLYH�
$WWDFNV

䕫 'HYHORS�DQ�RSWLPL]DWLRQ�IUDPHZRUN
ż DGYHUVDULDO�JDPH�EHWZHHQ�DWWDFNHU�DQG�

PRGHO�WUDLQHU
ż UHDOLVWLF�WKUHDW�PRGHO

Ŷ LQYLVLEOH�WR�KXPDQèV�LQVSHFWLRQ
Ŷ LQYLVLEOH�DQG�DGDSWLYH��WR�PDFKLQHèV�

LQVSHFWLRQ

�ĆãŽƔıƳČ͓�ãÿńĆŚŚƀ͓�ƔƔãÿńƈ
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7UDLQLQJ�WKH�
0DFKLQH�/HDUQLQJ�

$OJRULWKP

7UDLQLQJ�'DWD

,QSXW�'DWD 7UDLQHG�0RGHO 3UHGLFWLRQ

0/DD6�
3URYLGHUV

7KH�LQFUHDVLQJ�FRPSOH[LW\�RI�
0DFKLQH�/HDUQLQJ�0RGHOV�DQG�
7UDLQLQJ�3URFHVVHV�KDV�SURPRWHG�
WUDLQLQJ�RXWVRXUFLQJ�DQG�0DFKLQH�
/HDUQLQJ�DV�D�6HUYLFH��0/DD6���

7KLV�FUHDWHV�D�SDUDPRXQW�
VHFXULW\�FRQFHUQ�LQ�WKH�PRGHO�
EXLOGLQJ�VXSSO\�FKDLQ�
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%DFNGRRU�DWWDFNV�FDQ�OHDG�KDUPIXO�
FRQVHTXHQFHV�ZKHQ�WKH�0/�PRGHOV�
DUH�GHSOR\HG�LQ�UHDO�OLIH�

WULJJHU

,QSXW�'DWD 3UHGLFWLRQ7UDLQHG�
0RGHO

%DFNGRRU�$WWDFN�
LQćXHQFHV�WKH�
PRGHO�SUHGLFWLRQ�
E\�PRGLI\LQJ�WKH�
PRGHOèV�EHKDYLRU�
GXULQJ�WKH�
WUDLQLQJ�SURFHVV�
ZLWK�D�EDFNGRRU�

7UDLQLQJ�'DWD

7UDLQLQJ�WKH�
0DFKLQH�/HDUQLQJ�

$OJRULWKP

3UHGLFWLRQ��6/2:

&OHDQ <HOORZ�6TXDUH

3UHGLFWLRQ��)$67
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̻�ãƜƈãƔıƳČ̼

�$Í*�¢��N�a͓�¯¯��_¢
̻*ƹŽŇŚƀãƔŚƀƺ̼

7UDLQLQJ�6DPSOH��7ULJJHUHG� 7UDLQLQJ�6DPSOH��&ODVV�$� 7UDLQLQJ�6DPSOH��&ODVV�%�

7HVW�6DPSOH��&ODVV�$�

:LWK�WULJJHU

:LWK�VPDOO�
SHUWXUEDWLRQ

� 0RGLĆHV�WUDLQLQJ�VDPSOHV�RU�
WUDLQLQJ�SURFHVV�LQWHOOLJHQWO\�

� 5HTXLUHV�RZQLQJ�WKH�WUDLQLQJ�GDWD�
RU�WUDLQLQJ�SURFHVV�

� 'LUHFWO\�PRGLĆHV�WKH�WHVWLQJ�VDPSOHV
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IŚƴ͓ıƈ͓ƔĬČ͓þãÿńĆŚŚƀ͓ıőŁČÿƔČĆ̯
&RQVLGHU�D�FODVVLĆFDWLRQ�WDVN

7UDLQLQJ�'DWD 7UDLQLQJ�'DWD�ZLWK�7ULJJHU

����*HQHUDWH�WULJJHUHG�GDWD

����3RLVRQ�WKH�PRGHO��XQGHU�HPSLULFDO�ULVN�PLQLPL]DWLRQ�
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Ɣ %DFNGRRU�DWWDFNV�DUH�QRW�DGDSWLYH�WR�QHZ�GHIHQVHV

$OO�WR�2QH%HQLJQ�0RGHO $OO�WR�$OO

3HQXOWLPDWH�
/D\HU

,
2
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7KH�XQUHDOLVWLF�DVVXPSWLRQV�LQ�Ć[HG�WUDQVIRUPDWLRQ�IXQFWLRQV
Ɣ 3RLVRQHG�VDPSOHV�DUH�QRW�YLVXDOO\�LQVSHFWHG�E\�KXPDQ�GHIHQGHUV
Ɣ %DFNGRRU�DWWDFNV�DUH�QRW�DGDSWLYH�WR�QHZ�GHIHQVHV

3HQXOWLPDWH�
/D\HU

,
2

>7UDQ�HW�DO������@�,QVSHFWLQJ�WKH�
FRUUHODWLRQ�RI�FOHDQ�DQG�
SRLVRQHG�VDPSOHV�WR�WRS�(LJHQ�
9HFWRUV�FDQ�VXFFHVVIXOO\�GHWHFW�
Ɣ SRLVRQHG�FODVVLĆHU
Ɣ SRLVRQHG�VDPSOHV�

3RLVRQHG�&ODVVLĆHU
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䕫 6ROYH�WKH�FRQVWUDLQHG�RSWLPL]DWLRQ�SUREOHP

OHDUQ�WR�JHQHUDWH�WKH�WULJJHU

OHDUQ�WR�WUDLQ�WKH�FODVVLĆHU

7KLV�IUDPHZRUN�DOORZV�

�� 7KH�DGYHUVDU\�WR�DGDSW�WR�KRZ�WKH�FODVVLĆHU�
OHDUQV�DQG�WKH�H[LVWLQJ�GHIHQVHV

�� 7KH�FODVVLĆHU�OHDUQV�WR�SUHVHUYH�FOHDQ�GDWD�
SHUIRUPDQFH�ZKLOH�EHLQJ�SRLVRQHG
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䕫 6ROYH�WKH�FRQVWUDLQHG�RSWLPL]DWLRQ�SUREOHP

FOHDQ�GDWD�REMHFWLYH WULJJHUHG�GDWD�REMHFWLYH

䕫 7R�HQVXUH�VWHDOWKLQHVV��WKH�WULJJHU�IXQFWLRQ�LV�FRQVWUDLQHG�DV

OHDUQ�WR�JHQHUDWH�WKH�WULJJHU

OHDUQ�WR�WUDLQ�WKH�FODVVLĆHU



¯ĬČ͓aČãƀőıőĥ͓�ŇĥŚƀıƔĬŏ

7KH�/HDUQLQJ�SURFHVV�LV�VHSDUDWHG�LQ���VWDJHV��
Ɣ 6WDJH�,��ERWK�I�DQG�7�DUH�WUDLQHG��WULJJHU�JHQHUDWLRQ���
Ɣ 6WDJH�,,��RQO\�I�LV�WUDLQHG�ZKLOH�7�LV�IL[HG��EDFNGRRU�LQMHFWLRQ���



���[�
$PSOLĆHG
5HVLGXDO

0D[LPDOO\�FRQIXVH�WKH�WHVWHUV�

+XPDQ�,QVSHFWLRQ�7HVWV���(DFK�WHVWHU�LV�WUDLQHG�WR��
UHFRJQL]H�WKH�WULJJHUHG�LPDJH��6XFFHVV�)RROLQJ�5DWH��XQDEOH�

WR�UHFRJQL]H�WKH�FOHDQ�RU�SRLVRQHG�LPDJHV��LV�UHSRUWHG

2856
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$OO�WR�$OO�$WWDFN$OO�WR�2QH�$WWDFN

'DWDVHW ;E2IX 3967
&OHDQ $WWDFN &OHDQ $WWDFN

01,67 ���� ���� ���� ����
&,)$5�� ���� ���� ���� ����
*765% ���� ���� ���� ����
7LQ\,PDJHQHW ���� ���� ���� ����

'DWDVHW ;E2IX 3967
&OHDQ $WWDFN &OHDQ $WWDFN

01,67 ���� ���� ���� ����
&,)$5�� ���� ���� ���� ����
*765% ���� ���� ���� ����
7LQ\,PDJHQHW ���� ���� ���� ����
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�ƜƔ͓ƈŚŏČ͓ĆČĤČőƈČƈ͓ãƀČ͓ƔŚƜĥĬ

>&KHQ�HW�DO������@

$OO�WR�2QH%HQLJQ�0RGHO

$FWLYDWLRQV�RI�WKH�ODVW�KLGGHQ�OD\HU��SHQXOWLPDWH��ZLWK���GLPHQVLRQDO��W�61(�SURMHFWLRQV��7KHUH�
H[LVWV�D�FOHDU�VHSDUDWLRQ�EHWZHHQ�WKH�SRLVRQHG�DQG�FOHDQ�GDWD�RI�D�SUHGLFWHG�FODVV��$FWLYDWLRQ�
&OXVWHULQJ�GHWHFWV�VXFK�VHSDUDWLRQV�DQG�UHPRYHV�SRLVRQHG�GDWD��WKHQ�UH�WUDLQV�WKH�PRGHO��

$OO�WR�$OO

:H�REVHUYH�VXFK�VHSDUDWLRQV�LQ�WKH�H[LVWLQJ�PHWKRGV��LQFOXGLQJ�%DGQHWV�>*X�HW�DO�����@�	��:D1HW�>1JX\HQ�HW�DO�����@

3HQXOWLPDWH�
/D\HU

,
2



�ƺŽãƈƈıőĥ͓ŇãƔČőƔ́ƈŽãÿČ͓ĆČĤČőƈČ

䕫 6ROYH�WKH�FRQVWUDLQHG�RSWLPL]DWLRQ�SUREOHP�

OHDUQ�WR�JHQHUDWH�WKH�WULJJHU

OHDUQ�WR�WUDLQ�WKH�FODVVLĆHU

GHIHQVLYH�
PHFKDQLVP

䕫 7KH�WULJJHU�IXQFWLRQ�FDQ�EH�GHĆQHG�DV�

FOHDQ�GDWD�REMHFWLYH WULJJHUHG�GDWD�REMHFWLYH

��������KLJK�DWWDFN�

��������SHUIRUPDQFH�
PLQLPL]H�WKH�GLIIHUHQFH�

LQ�WKH�ODWHQW�VSDFH



$ıƈÿƀıŏıőãƔıƳČ͓¢ŇıÿČĆ͓ÎãƈƈČƀƈƔČıő͓$ıƈƔãőÿČ͓̻$¢Î$̼

:DVVHUVWHLQ�'LVWDQFH��2�1����ORJ�1��

6OLFHG�:DVVHUVWHLQ�'LVWDQFH��2�/1�ORJ�1�� UDQGRP�GLUHFWLRQ

'LVFULPLQDWLYH�6OLFHG�:DVVHUVWHLQ�'LVWDQFH��2�_&_�1�ORJ�1��

Ć[HG��PD[LPDOO\�VHSDUDWHG�
GLUHFWLRQV



$¢Î$̨͓ÍãŇıĆ͓$ıƈƔãőÿČ͓iČãƈƜƀČ͓ƴıƔĬ͓�ČƔƔČƀ͓*ǊÿıČőÿƺ

7KHRUHP����:KHQ�WKH�ODWHQW�VSDFH�LV�WKH�SHQXOWLPDWH�OD\HU�RI�D�QHXUDO�
QHWZRUN��WKH�SURSRVHG�'6:'�GLVWDQFH�LV�D�YDOLG�GLVWDQFH�IXQFWLRQ�RI�
SUREDELOLW\�PHDVXUHV�LQ�WKLV�VSDFH�

�D��3UH�DFWLYDWLRQ�5HVQHW����0RGHO� �����E��&11�0RGHO
)LJXUH����'LVWDQFH�HVWLPDWHV�LQ�WKH�ODWHQW�VSDFH�IRU�6:'�ZLWK�GLIIHUHQW�
QXPEHU�RI�VDPSOHG�GLUHFWLRQV��EHWZHHQ����WR���������DQG�'6:'�
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)LJXUH����01,67��W�61(�HPEHGGLQJ�LQ�WKH�ODWHQW�VSDFH�

���D��$OO�WR�RQH��2WKHUV��������E��$OO�WR�RQH��2XUV��������F��$OO�WR�DOO��2WKHUV�����G��$OO�WR�DOO��2XUV

)LJXUH����&,)$5����W�61(�HPEHGGLQJ�LQ�WKH�ODWHQW�VSDFH�
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�ƺ͓�ãƈƈıőĥ͓¢ŽČÿƔƀãŇ͓¢ıĥőãƔƜƀČ
3ORW�RI�FRUUHODWLRQV�IRU������WUDLQLQJ�H[DPSOHV�FRUUHFWO\�ODEHOHG�DQG�
����SRLVRQHG�H[DPSOHV�LQFRUUHFWO\�ODEHOHG��7KH�YDOXHV�IRU�WKH�FOHDQ�
LQSXWV�DUH�LQ�EOXH��DQG�WKRVH�IRU�WKH�SRLVRQHG�LQSXWV�DUH�LQ�JUHHQ��7KH�
FRUUHODWLRQV�ZLWK�WKH�WRS�VLQJXODU�YHFWRU�RI�WKH�FRYDULDQFH�PDWUL[�RI�
H[DPSOHV�LQ�WKH�ODWHQW�VSDFH�VKRZ�D�FOHDU�VHSDUDWLRQ�EHWZHHQ�FOHDQ�
DQG�SRLVRQHG�GDWD��,Q�:%��ZH�GRQèW�KDYH�WKLV�VHSDUDWLRQ��EHORZ��
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5REXVW�5HWULHYDO�
)UDPHZRUN

7UDLQLQJ�(IĆFLHQW�
)UDPHZRUN

([SODLQDEOH�5HWULHYDO�
)UDPHZRUN

6WHDOWK\�%DFNGRRU�$WWDFN�
)UDPHZRUN�

%DFNGRRU�8QOHDUQLQJ�
'HIHQVH�)UDPHZRUN

(IĆFLHQW�'HIHQVHV�IRU�
&RPSOH[�0RGHOV

(IĆFLHQW�'LYHUJHQFH�
(VWLPDWLRQ

5REXVW�(QHUJ\�EDVHG�
*HQHUDWLYH�+DVKLQJ

5HDO�WLPH�5DQNLQJ
ZLWK�&RPSOH[�0RGHOV

,QIHUHQFH

5HWULHYDO�LQ�0/�
�0RGHO�7UDLQLQJ�

7UDLQLQJ

5HWULHYDO�LQ�
&KHP,QIRUPDWLF�

7UDLQLQJ�	�,QIHUHQFH

6WHDOWK\�$WWDFNV�LQ�
6WUXFWXUHG�'DWD

6HFXULW\�8QGHUVWDQGLQJ

(QHUJ\�EDVHG�7UDLQLQJ�IRU�
6HFXUHG�0RGHOV

6HFXUHG�0RGHOV

6HFXULW\�0RGHOV�IRU�
5HDO�ZRUOG�$WWDFNV

6HFXUHG�0RGHOV

%HWWHU�0&0&�(VWLPDWHV�
IRU�*HQHUDWLYH�(%0V

7UDLQLQJ

5REXVW�(QHUJ\�EDVHG�
*HQHUDWLYH�$SSOLFDWLRQV

7UDLQLQJ�	�,QIHUHQFH
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)DVW� 5DQNLQJ� ZLWK� *UDSK��
WUDYHUVH� WKH� QHDUHVW�QHLJKERU�
JUDSK�XVLQJ�QHXUDO��IXQFWLRQ�

)DVW� 5DQNLQJ� ZLWK� +DVKLQJ�� JHQHUDWH�
KDVK�FRGHV�IRU�GLUHFW�ORRNXS��QR�GLVWDQFH�
FRPSXWDWLRQ�XVLQJ�WKH�QHXUDO�IXQFWLRQ��

����
&KDQJH�
UHSUHVHQWDWLRQ

����

�

�
� �FRPSXWH�TXHU\�

GDWDEDVH�LWHP�
UDQNLQJ�IURP�
KDPPLQJ�VSDFH

���������
���������
���������
ðððððð��

GLUHFW�
LQGH[�
ORRNXS

*UDSK�EDVHG�$SSURDFK +DVK�EDVHG�$SSURDFK

:KHQ�UDQNLQJ�IXQFWLRQ�LV�D�FRPSOH[�PHDVXUH
�H�J��1HXUDO�1HWZRUN�EDVHG��5HFRPPHQGHU�6\VWHPV�RU�5DQNLQJ�0RGHOV�
Ɣ ([LVWLQJ�YHFWRU�EDVHG�IDVW�$11V���H�J��)$,66��DUH�QRW�VXLWDEOH��
Ɣ ([LVWLQJ�JUDSK�EDVHG�$11V��H�J��7DQ�HW�DO��������DUH�FRPSXWDWLRQDOO\�H[SHQVLYH�
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'LVWULEXWHG�3DUWLWLRQLQJ�
ZLWK�+DVK�)XQFWLRQ�LV�
YHU\�(IĆFLHQW

�
��

�

������ ������ ������

TXHU\ FDQGLGDWH�LGHQWLILFDWLRQ UH�UDQN

�

�

P

([LVWLQJ�6ROXWLRQV���,QYHUWHG�,QGH[�
ZLWK�3URGXFW�4XDQWL]DWLRQ
�>6XEUDPDQ\D�HW�DO��1HXU,36�����@
�>&KHQ�HW�DO��1HXU,36�����@
ð
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IãƈĬıőĥ͓ĤŚƀ͓ia͓iŚĆČŇ͓¯ƀãıőıőĥ

0HPRU\

0RGHO�WUDLQLQJ�
ZLWK�PHPRU\�
VDPSOHV

3DUDGLJPV
Ɣ 1HJDWLYH�VDPSOLQJ�OHDUQLQJ
Ɣ 5HKHDUVDO�EDVHG�OHDUQLQJ

&XUUHQW�$SSURDFKHV
Ɣ 5DQGRP�VDPSOLQJ
Ɣ 'DWD�LQGHSHQGHQW�$11V

0HPRU\

������
KDVK�IXQFWLRQ�
OHDUQLQJ

5HDO�WLPH�5HFRPPHQGDWLRQ
�.DQJ�HW�DO�������

'\QDPLF�1HJDWLYH�6DPSOLQJ
�&KHQ�HW�DO�������
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NőƳıƈıþŇČ͓�ãÿńĆŚŚƀ͓�ƔƔãÿńƈ

WULJJHU

,QSXW�'DWD 3UHGLFWLRQ7UDLQHG�
0RGHO

SXVK�GRZQ

(QHUJ\�ODQGVFDSH�
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+HQ]LQJHU�HW�DO��)LQGLQJ�QHDU�GXSOLFDWH�ZHE�SDJHV��D�ODUJH�VFDOH�HYDOXDWLRQ�RI�DOJRULWKPV��6,*,5������

6DODNKXWGLQRY�HW�DO��6HPDQWLF�KDVKLQJ��,-$5������

:HLVV�HW�DO��6SHFWUDO�KDVKLQJ��1,36������

/L�HW�DO��+DVKLQJ�DOJRULWKPV�IRU�ODUJH�VFDOH�OHDUQLQJ��1,36������

/L�HW�DO��+DVKLQJ�DOJRULWKPV�IRU�ODUJH�VFDOH�OHDUQLQJ��1,36������

*RQJ�HW�DO��,WHUDWLYH�TXDQWL]DWLRQ��$�SURFUXVWHDQ�DSSURDFK�WR�OHDUQLQJ�ELQDU\�FRGHV�IRU�ODUJH�VFDOH�LPDJH�UHWULHYDO��73$0,������

/L�HW�DO��&RGLQJ�IRU�UDQGRP�SURMHFWLRQV��,&0/������

6KULYDVWDYD�HW�DO��$V\PPHWULF�/6+��$/6+��IRU�6XEOLQHDU�7LPH�0D[LPXP�,QQHU�3URGXFW�6HDUFK��0,36���1,36������

=KX�HW�DO��'HHS�+DVKLQJ�1HWZRUN�IRU�(IĆFLHQW�6LPLODULW\�5HWULHYDO��$$$,������

&KHQ�HW�DO��,PSURYLQJ�1HJDWLYH�6DPSOLQJ�IRU�:RUG�5HSUHVHQWDWLRQ�XVLQJ�6HOI�HPEHGGHG�)HDWXUHV��:6'0������

;LH�HW�DO��&RRSHUDWLYH�7UDLQLQJ�RI�'HVFULSWRU�DQG�*HQHUDWRU�1HWZRUNV��73$0,������

'RDQ�HW�DO��$GYHUVDULDO�IDFWRUL]DWLRQ�DXWRHQFRGHU�IRU�ORRN�DOLNH�PRGHOLQJ��&,.0������

.DQJ�HW�DO��&DQGLGDWH�JHQHUDWLRQ�ZLWK�ELQDU\�FRGHV�IRU�ODUJH�VFDOH�WRS�Q�UHFRPPHQGDWLRQ��&,.0������

/L�HW�DO��*UDSK�PDWFKLQJ�QHWZRUNV�IRU�OHDUQLQJ�WKH�VLPLODULW\�RI�JUDSK�VWUXFWXUHG�REMHFWV��,&0/������

-RKQVRQ�HW�DO��%LOOLRQ�VFDOH�VLPLODULW\�VHDUFK�ZLWK�*38V��,(((�7UDQVDFWLRQV�RQ�%LJ�'DWD������

&KHQ�HW�DO��$�6LPSOH�)UDPHZRUN�IRU�&RQWUDVWLYH�/HDUQLQJ�RI�9LVXDO�5HSUHVHQWDWLRQV��,&0/������

7DQ�HW�DO��)DVW�LWHP�UDQNLQJ�XQGHU�QHXUDO�QHWZRUN�EDVHG�PHDVXUHV��:6'0������
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