
'DWD�5HFRQVWUXFWLRQ�DQG�0RGHOLQJ
RI�3DUWLFOH�,PDJLQJ�1HXWULQR�'HWHFWRUV�

ZLWK�0DFKLQH�/HDUQLQJ

.D]XKLUR�7HUDR
6/$&�1DWLRQDO�$FFHOHUDWRU�/DERUDWRU\
-DQ����WK������#�,308�6HPLQDU�6HULHV �

2ULJLQDO�LPDJH�FUHGLW��[NFG



$ERXW�P\VHOI�
Ɣ ([SHULPHQWDO�QHXWULQR�SK\VLFLVW
Ɣ $,�0/�DSSOLFDWLRQV�DQG�UHVHDUFK

ż 3K\VLFV�UHVHDUFK�DQG�ZRUN�XQUHODWHG��KREE\��
ż /RYH�WR�GLVFXVV���OHDUQ�DERXW�FKDOOHQJHV�RXWVLGH�P\�GRPDLQ
ż /RYH�WR�KHOS�D�ZRUNVKRS��6FKRRO��HGXFDWLRQ���FROODERUDWLRQ

�

+DSS\�1HZ�<HDU�



0/�LV�D�³VROXWLRQ�SDWWHUQ´�Y�V��D�GRPDLQ�VSHFLILF�³KDUG�FRGHG´�VROXWLRQ��
,W¶V�QDWXUDOO\�UHXVDEOH�DFURVV�GRPDLQV�LQFOXGLQJ�VRIWZDUH�WRROV�

VXSSRUWHG�E\�D�ODUJH�FRPPXQLW\�RI�UHVHDUFKHUV��

H�J���SK\VLFV�LQIHUHQFH�RQ�GDWD�IURP�LPDJLQJ�GHWHFWRUV

,QWHQVLW\
)URQWLHU

(QHUJ\
)URQWLHU

&RVPLF
)URQWLHU H�J���&U\R�(0

,QWHUHVW��$,�0/�IRU�+(3�DQG�%H\RQG



0/�LV�D�³VROXWLRQ�SDWWHUQ´�Y�V��D�GRPDLQ�VSHFLILF�³KDUG�FRGHG´�VROXWLRQ��
,W¶V�QDWXUDOO\�UHXVDEOH�DFURVV�GRPDLQV�LQFOXGLQJ�VRIWZDUH�WRROV�

VXSSRUWHG�E\�D�ODUJH�FRPPXQLW\�RI�UHVHDUFKHUV��

,QWHUHVW��$,�0/�IRU�+(3�DQG�%H\RQG

(YHQ�IRU�KDQGV�RQ�ZRUN�

+XPDQ�FHQWHUHG
$,�0/



0/�LV�D�³VROXWLRQ�SDWWHUQ´�Y�V��D�GRPDLQ�VSHFLILF�³KDUG�FRGHG´�VROXWLRQ��
,W¶V�QDWXUDOO\�UHXVDEOH�DFURVV�GRPDLQV�LQFOXGLQJ�VRIWZDUH�WRROV�

VXSSRUWHG�E\�D�ODUJH�FRPPXQLW\�RI�UHVHDUFKHUV��

&RQWURO�2SHUDWLRQV
2SWLPL]DWLRQ

8QFHUWDLQW\
4XDQWLILFDWLRQ

)DVW�'LIIHUHQWLDEOH�
6XUURJDWHV

,QYHUVH�,PDJLQJ

'LVFULPLQDWLYH
3K\VLFV�,QIHUHQFH

'HVLJQ
2SWLPL]DWLRQ

0/�DSSOLFDEOH�DW�DOO�VWDJHV�RI�DQ�H[SHULPHQW

,QWHUHVW��$,�0/�IRU�+(3�DQG�%H\RQG



0/�LV�D�³VROXWLRQ�SDWWHUQ´�Y�V��D�GRPDLQ�VSHFLILF�³KDUG�FRGHG´�VROXWLRQ��
,W¶V�QDWXUDOO\�UHXVDEOH�DFURVV�GRPDLQV�LQFOXGLQJ�VRIWZDUH�WRROV�

VXSSRUWHG�E\�D�ODUJH�FRPPXQLW\�RI�UHVHDUFKHUV��

&RQWURO�2SHUDWLRQV
2SWLPL]DWLRQ

8QFHUWDLQW\
4XDQWLILFDWLRQ

)DVW�'LIIHUHQWLDEOH�
6XUURJDWHV

,QYHUVH�,PDJLQJ

'LVFULPLQDWLYH
3K\VLFV�,QIHUHQFH

'HVLJQ
2SWLPL]DWLRQ

0/�DSSOLFDEOH�DW�DOO�VWDJHV�RI�DQ�H[SHULPHQW

,QWHUHVW��$,�0/�IRU�+(3�DQG�%H\RQG

7RGD\¶V�IRFXV�
$QDO\VLV�	�'HWHFWRU�6LPXODWRU



2VFLOODWLRQ�([SHULPHQWV
DQG

%LJ�,PDJLQJ�'HWHFWRUV

�



0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
1HXWULQRV

FKDQJH�IHDWXUHV�
DV�WKH\�WUDYHO�

�QX�RVFLOODWLRQ�

6WXG\LQJ
1HXWULQRV



*RDO��VKRRW�D�EHDP�RI�SDUWLFOHV��QHXWULQRV���
GHWHFW�DW�WZR�ORFDWLRQV��TXDQWLI\�WKH�GLIIHUHQFH�

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
1HXWULQR�2VFLOODWLRQ�([SHULPHQWV



�������WRQ
XOWUD�SXUH�ZDWHU�ZDWFKHG�
E\��������307V�LQ�
6XSHU�.DPLRNDQGH�������

'HWHFWRUV
PXVW�EH�%,*

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
1HXWULQR�2VFLOODWLRQ�([SHULPHQWV



��



'HWHFWRUV
PXVW�EH�FDSDEOH�
RI�PHDVXULQJ
W\SH�	�HQHUJ\

SURWRQ

HOHFWURQ PXRQ

SURWRQ

ᷙH�FUHDWHV�
HOHFWURQ��H�

ᷙᷘ�FUHDWHV
PXRQ��ᷘ�

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
1HXWULQR�2VFLOODWLRQ�([SHULPHQWV



��

&KDOOHQJHV
�� /DFN�RI�DQ�DXWRPDWHG��TXDOLW\�DQDO\VLV�PHWKRGV�IRU�ELJ�LPDJH�GDWD

�� 0DQXDO��³E\�KDQG´��ZRUNIORZ�IRU�GHYHORSPHQW�	�WXQLQJ

�� ,PSHUIHFW�SK\VLFV�PRGHOLQJ

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
1HXWULQR�2VFLOODWLRQ�([SHULPHQWV

,PDJH�³KDQG�VFDQQLQJ´
E\�SURIHVVLRQDOV�ZDV�KRZ�QHXWULQR�
GDWD�KDG�EHHQ�DQDO\]HG�IURP�
LPDJLQJ�GHWHFWRUV�IRU�ORQJ�WLPH



��

2XWOLQH
���,QWURGXFWLRQ
���0/�EDVHG�GDWD�UHFRQVWUXFWLRQ
���'LIIHUHQWLDEOH�VLPXODWLRQ�IRU�GHWHFWRU�SK\VLFV�PRGHOLQJ
���6XPPDU\



��

0DFKLQH�/HDUQLQJ�IRU�1HXWULQR�,PDJH�'DWD�$QDO\VLV
Ɣ *RDO��SDUWLFOH�OHYHO�W\SH�DQG�HQHUJ\�UHFRQVWUXFWLRQ

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
(QG�WR�HQG�GDWD�UHFRQVWUXFWLRQ�XVLQJ�0/

+LJK�OHYHO
2XWSXW

,QSXW�'DWD

(OHFWURQ�
1HXWULQR



��

Z��LQWHUSUHWDEOH�
HYLGHQFHV

3L[HO�)HDWXUH
([WUDFWLRQ���3RLQWV

,QSXW�'DWD

S

SHSL

0DFKLQH�/HDUQLQJ�IRU�1HXWULQR�,PDJH�'DWD�$QDO\VLV
Ɣ *RDO��SDUWLFOH�OHYHO�W\SH�DQG�HQHUJ\�UHFRQVWUXFWLRQ
Ɣ +RZ��H[WUDFW�SK\VLFDOO\�PHDQLQJIXO��KLHUDUFKLFDO�IHDWXUHV�

�HYLGHQFHV��E\�FKDLQLQJ�PXOWLSOH�0/�PRGHOV�GHVLJQHG�IRU�HDFK�WDVN

0XOWL�WDVN
&DVFDGH

+LJK�OHYHO
2XWSXW

3L[HO�FOXVWHULQJ .LQHPDWLFV
,QIHUHQFH

(OHFWURQ�
1HXWULQR

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
(QG�WR�HQG�GDWD�UHFRQVWUXFWLRQ�XVLQJ�0/



��

3DUWLFOH�&OXVWHULQJ3L[HO�&OXVWHULQJ3L[HO�)HDWXUHV,QSXW

7KUHH�PDMRU�VWDJHV�RI�UHFRQVWUXFWLRQ

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
(QG�WR�HQG�GDWD�UHFRQVWUXFWLRQ�XVLQJ�0/
0DFKLQH�/HDUQLQJ�IRU�1HXWULQR�,PDJH�'DWD�$QDO\VLV
Ɣ *RDO��SDUWLFOH�OHYHO�W\SH�DQG�HQHUJ\�UHFRQVWUXFWLRQ
Ɣ +RZ��H[WUDFW�SK\VLFDOO\�PHDQLQJIXO��KLHUDUFKLFDO�IHDWXUHV�

�HYLGHQFHV��E\�FKDLQLQJ�PXOWLSOH�0/�PRGHOV�GHVLJQHG�IRU�HDFK�WDVN



��

0DFKLQH�/HDUQLQJ�LQ�1HXWULQR�3K\VLFV�	�+(3
'HHS�1HXUDO�1HWZRUN�IRU�'DWD�5HFRQVWUXFWLRQ



��

0DFKLQH�/HDUQLQJ�LQ�1HXWULQR�3K\VLFV�	�+(3
'HHS�1HXUDO�1HWZRUN�IRU�'DWD�5HFRQVWUXFWLRQ

&RQYROXWLRQDO�QHXUDO�QHWZRUN��&11�
Ɣ 3ULPDULO\�DLPHG�DW�LPDJH�GDWD
Ɣ /HDUQV�VSDWLDOO\�ORFDO�IHDWXUHV�RI�YDULRXV�VL]H
Ɣ 7UDQVODWLRQ�LQYDULDQW��WDUJHW�IHDWXUH�FDQ�EH�DQ\ZKHUH�LQ�LPDJH�
Ɣ ,PDJH�3L[HO�OHYHO�FODVVLILFDWLRQ�UHJUHVVLRQ��REMHFW�GHWHFWLRQ



��

6WDJH��

0DFKLQH�/HDUQLQJ�LQ�1HXWULQR�3K\VLFV�	�+(3
'HHS�1HXUDO�1HWZRUN�IRU�'DWD�5HFRQVWUXFWLRQ



0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH���D��GHQVH�SL[HO�FOXVWHULQJ

,PDJH�FUHGLW��DU;LY�����������

&OXVWHULQJ�LQ�WKH�HPEHGGLQJ�VSDFH
Ɣ 8VH�&11�WR�OHDUQ�D�WUDQVIRUPDWLRQ�IXQFWLRQ�IURP�WKH��'�YR[HOV�WR�WKH�HPEHGGLQJ�
VSDFH�ZKHUH�FOXVWHULQJ�FDQ�EH�SHUIRUPHG�LQ�D�VLPSOH�PDQQHU

��

https://arxiv.org/pdf/1708.02551.pdf


0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH���D��'HQVH�3L[HO�&OXVWHULQJ

wÐÐ�­īŘðŒƭŴŲŲŹƫŲŵŲźŵ:RUN�FUHGLW��
'DH�+HXQ�.RK��6WDQIRUG�

��

https://arxiv.org/abs/2007.03083


��

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH���D��LQSXW�	�RXWSXW

6WDJH���D�,QSXW 6WDJH���D�2XWSXW



��

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH����JURXSLQJ�SDUWLFOHV�DV�D�FOXVWHU

6WDJH���D�2XWSXW



0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH���E��6SDUVH�)UDJPHQW�&OXVWHULQJ

wÐÐ�qìřĮƫ�tÐŒƫ�#�ųŲŶƬ�ŲŹŴŲŲŶ

*UDSK�11�IRU�3DUWLFOH�
$JJUHJDWLRQ��*UDS3$�
,QSXW�
Ɣ )UDJPHQWHG�(0�VKRZHUV

��

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004?ft=1


0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH���E��6SDUVH�)UDJPHQW�&OXVWHULQJ

*UDSK�11�IRU�3DUWLFOH�
$JJUHJDWLRQ��*UDS3$�
,QSXW�
Ɣ )UDJPHQWHG�(0�VKRZHUV

1RGH�IHDWXUHV�
Ɣ &HQWURLG��&RYDULDQFH�PDWUL[��3&$
Ɣ 6WDUW�SRLQW��GLUHFWLRQ��331�

,QSXW�JUDSK�
Ɣ &RQQHFW�HYHU\�QRGH�ZLWK�HYHU\�RWKHU�QRGH�

�FRPSOHWH�JUDSK�

(GJH�IHDWXUHV�
Ɣ 'LVSODFHPHQW�YHFWRU
Ɣ &ORVHVW�SRLQWV�RI�DSSURDFK

��
wÐÐ�qìřĮƫ�tÐŒƫ�#�ųŲŶƬ�ŲŹŴŲŲŶ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004?ft=1


0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH���E��6SDUVH�)UDJPHQW�&OXVWHULQJ

wÐÐ�­īŘðŒƭŴŲŲŹƫŲųŵŵŷ

7DUJHW 3UHGLFWLRQ

ZRUN�FUHGLW�
)UDQFRLV�'��6/$&���4LQJ�/���867&��
%UDG�1��VWDW��8��&KLFDJR���$OH[DQGHU�=���0,7���

��
wÐÐ�qìřĮƫ�tÐŒƫ�#�ųŲŶƬ�ŲŹŴŲŲŶ

https://arxiv.org/abs/2007.01335
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004?ft=1


��

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH����LQSXW�	�RXWSXW

6WDJH���,QSXW 6WDJH���2XWSXW



0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH����,QWHUDFWLRQ�&OXVWHULQJ

,GHQWLI\LQJ�(DFK�,QWHUDFWLRQ"
*URXSLQJ�WDVN� �UH�XVH�*UDS3$��

Ɣ ,QWHUDFWLRQ� �D�JURXS�RI�SDUWLFOHV�WKDW�
VKDUHG�WKH�VDPH�RULJLQ��L�H��QHXWULQR�
LQWHUDFWLRQ�

Ɣ (GJH�FODVVLILFDWLRQ�WR�LGHQWLI\�DQ�
LQWHUDFWLRQ

Ɣ 1RGH�FODVVLILFDWLRQ�IRU�SDUWLFOH�W\SH�,'

��
wÐÐ�qìřĮƫ�tÐŒƫ�#�ųŲŶƬ�ŲŹŴŲŲŶ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004?ft=1


0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH����,QWHUDFWLRQ�&OXVWHULQJ

7DUJHW�*URXS 3UHGLFWHG�,QWHUDFWLRQ

��
wÐÐ�qìřĮƫ�tÐŒƫ�#�ųŲŶƬ�ŲŹŴŲŲŶ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004?ft=1


0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH����,QWHUDFWLRQ�&OXVWHULQJ

3UHGLFWHG�,QWHUDFWLRQ

3URPLVLQJ�UHVXOW�WR�DGGUHVV�
'81(�1'�UHFRQVWUXFWLRQ�FKDOOHQJH�
�a���QHXWULQR�SLOH�XS� ��

wÐÐ�qìřĮƫ�tÐŒƫ�#�ųŲŶƬ�ŲŹŴŲŲŶ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004?ft=1


��

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
6WDJH����LQSXW�	�RXWSXW

6WDJH���,QSXW 6WDJH���2XWSXW



��

5HIHUHQFH�SXEOLFDWLRQV
)XOO�FKDLQ��1HXU,36�:6�

3XEOLF�GDWDVHW
����������

0DFKLQH�/HDUQLQJ�LQ�1HXWULQR�3K\VLFV�	�+(3
'HHS�1HXUDO�1HWZRUN�IRU�'DWD�5HFRQVWUXFWLRQ

https://arxiv.org/abs/2102.01033
https://arxiv.org/abs/2006.01993
https://arxiv.org/abs/2007.03083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032004
https://arxiv.org/abs/2007.03083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004


��

5HIHUHQFH�SXEOLFDWLRQV
)XOO�FKDLQ��1HXU,36�:6�

3XEOLF�GDWDVHW
����������

0DFKLQH�/HDUQLQJ�LQ�1HXWULQR�3K\VLFV�	�+(3
'HHS�1HXUDO�1HWZRUN�IRU�'DWD�5HFRQVWUXFWLRQ

6WDJH��

6WDJH��

6WDJH��

https://arxiv.org/abs/2102.01033
https://arxiv.org/abs/2006.01993
https://arxiv.org/abs/2007.03083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032004
https://arxiv.org/abs/2007.03083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004


(QG�WR�(QG�RSWLPL]DEOH�FKDLQ
Ɣ a��ZHHN�WR�WUDLQ�WKH�IXOO�FKDLQ�RQ�D�VLQJOH�*38
Ɣ $�WDVN�W\SLFDOO\�WDNHV�WHDPV���PRQWKVa\HDU�HIIRUW�
Ɣ 7UDQVIHU�OHDUQLQJ�IRU�PXOWLSOH�H[SHULPHQWV� ��

5HIHUHQFH�SXEOLFDWLRQV
)XOO�FKDLQ��1HXU,36�:6�

3XEOLF�GDWDVHW
����������

0/�IRU�$QDO\]LQJ�%LJ�,PDJH�'DWD�LQ�1HXWULQR�([SHULPHQWV
'HHS�1HXUDO�1HWZRUN�IRU�'DWD�5HFRQVWUXFWLRQ

https://arxiv.org/abs/2102.01033
https://arxiv.org/abs/2006.01993
https://arxiv.org/abs/2007.03083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032004
https://arxiv.org/abs/2007.03083
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072004


��

0/�IRU�'HWHFWRU�3K\VLFV�0RGHOLQJ
$XWRPDWLRQ�RI�SK\VLFV�PRGHO�WXQLQJ

0/�IRU
2SWLPL]LQJ
3K\VLFV
0RGHOV



��

7KH�&DWFK
6XSHUYLVHG�RSWLPL]DWLRQ�ZLWK�LPSHUIHFW�
VLPXODWLRQ�PD\�EH�YXOQHUDEOH�WR�GRPDLQ�VKLIW��

([SODLQLQJ�DQG�KDUQHVVLQJ�DGYHUVDULDO�H[DPSOHV

0/�IRU�'HWHFWRU�3K\VLFV�0RGHOLQJ
$XWRPDWLRQ�RI�SK\VLFV�PRGHO�WXQLQJ

https://arxiv.org/pdf/1412.6572.pdf


��

7KH�&DWFK
6XSHUYLVHG�RSWLPL]DWLRQ�ZLWK�LPSHUIHFW�
VLPXODWLRQ�PD\�EH�YXOQHUDEOH�WR�GRPDLQ�VKLIW��
7XQLQJ�RI�VLPXODWLRQ��WULFN\�	�³E\�KDQG´

([SODLQLQJ�DQG�KDUQHVVLQJ�DGYHUVDULDO�H[DPSOHV

'HWHFWRU�2XWSXW
�$'&�

6LPXODWLRQ�,QSXW
�WUXH�G(�G;�

5HFRQVWUXFWLRQ

&DOLEUDWLRQ
5HFRQVWUXFWHG

�&DOLEUDWHG�G(�G;�

'HWHFWRU�
SK\VLFV�PRGHO�
SDUDPHWHUV

«�

'HWHFWRU�6LPXODWLRQ

'HWHFWRU�SK\VLFV�NQRZOHGJH�
DSSOLHG�LQ�VLPXODWLRQ

'HWHFWRU�SK\VLFV�NQRZOHGJH�
H[WUDFWHG�LQ�UHFRQVWUXFWLRQ

0/�IRU�'HWHFWRU�3K\VLFV�0RGHOLQJ
$XWRPDWLRQ�RI�SK\VLFV�PRGHO�WXQLQJ

https://arxiv.org/pdf/1412.6572.pdf


��

7KH�&DWFK
6XSHUYLVHG�RSWLPL]DWLRQ�ZLWK�LPSHUIHFW�
VLPXODWLRQ�PD\�EH�YXOQHUDEOH�WR�GRPDLQ�VKLIW��
7XQLQJ�RI�VLPXODWLRQ��WULFN\�	�³E\�KDQG´

([SODLQLQJ�DQG�KDUQHVVLQJ�DGYHUVDULDO�H[DPSOHV

5HVHDUFK�GLUHFWLRQV
Ɣ 0DNH�WKH�RSWLPL]DWLRQ�RI�UHFR�FKDLQ�UREXVW�DJDLQVW�GRPDLQ�VKLIW

Ɣ ,QQRYDWLYH�VLPXODWRU�WKDW�FDQ�EH�DXWRPDWLFDOO\�WXQHG�ZLWK�FRQWURO�GDWDVHW

Ɣ /HDUQ�GDWD�UHSUHVHQWDWLRQV�GLUHFWO\�IURP�GDWD����XVH�IHDWXUHV�WR�WUDLQ�UHFR�FKDLQ��

0/�IRU�'HWHFWRU�3K\VLFV�0RGHOLQJ
$XWRPDWLRQ�RI�SK\VLFV�PRGHO�WXQLQJ

https://arxiv.org/pdf/1412.6572.pdf


��

7KH�&DWFK
6XSHUYLVHG�RSWLPL]DWLRQ�ZLWK�LPSHUIHFW�
VLPXODWLRQ�PD\�EH�YXOQHUDEOH�WR�GRPDLQ�VKLIW��
7XQLQJ�RI�VLPXODWLRQ��WULFN\�	�³E\�KDQG´
'HYHORS�D�VLPXODWRU�WKDW�FDQ�EH�WXQHG�
DXWRPDWLFDOO\�RQ�UHDO�GDWD

([SODLQLQJ�DQG�KDUQHVVLQJ�DGYHUVDULDO�H[DPSOHV

'HWHFWRU�2XWSXW
�$'&�

6LPXODWLRQ�,QSXW
�WUXH�G(�G;�

5HFRQVWUXFWLRQ

&DOLEUDWLRQ
5HFRQVWUXFWHG

�&DOLEUDWHG�G(�G;�

'HWHFWRU�
SK\VLFV�PRGHO�
SDUDPHWHUV

«�

'HWHFWRU�6LPXODWLRQ
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