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PIEX�9]kg�1[GIghj<[GQ[O���Zd]gj<[EI�/<ZdYQ[O�Ã

,PSRUWDQFH�VDPSOLQJ��VHOHFW�DOO�WKDW�DUH�WUXH�

Ɣ 5HTXLUHV�WKH�EHKDYLRU�SROLF\�WR�YLVLW�DOO�WKH�VWDWH��DFWLRQ�SDLUV�WKDW�ZRXOG�EH�YLVLWHG�XQGHU�WKH�HYDOXDWLRQ�
SROLF\�LQ�RUGHU�WR�JHW�DQ�XQELDVHG�HVWLPDWRU�

Ɣ ,V�OLNHO\�WR�EH�KLJK�YDULDQFH
Ɣ 1RW�6XUH

%HKDYLRU�FORQLQJ�IURP�GHPRQVWUDWLRQV�

Ɣ 5HGXFHV�EDWFK�RIIOLQH�OHDUQLQJ�WR�VXSHUYLVHG�OHDUQLQJ
Ɣ 0D\�OHDUQ�D�ORZ�SHUIRUPLQJ�SROLF\�LI�WKH�GHPRQVWUDWLRQV�FRPH�IURP�D�QRQ�H[SHUW�
Ɣ 0D\�OHDUQ�D�ORZ�SHUIRUPLQJ�SROLF\�LI�WKH�GHPRQVWUDWLRQV�IURP�IURP�DQ�H[SHUW
Ɣ &RXOG�EH�XVHG�WR�ZDUP�VWDUW�DQ�RQOLQH�UHLQIRUFHPHQW�OHDUQLQJ�DOJRULWKP
Ɣ 5HTXLUHV�D�KXPDQ�WR�ODEHO�ZKDW�WKH\�ZRXOG�GR�DW�WKH�VWDWHV�YLVLWHG�E\�WKH�SROLF\�OHDUQHG�
Ɣ 1RW�6XUH

Ã
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:KHUH�:H�$UH�,Q�7KH�&RXUVH
�� /HDUQLQJ�IURP�RIIOLQH�GDWD

D� %DWFK�RIIOLQH�SROLF\�HYDOXDWLRQ
E� ,PLWDWLRQ�OHDUQLQJ
F� %DWFK�RIIOLQH�SROLF\�OHDUQLQJ
G� 'U��/LKRQJ�/L�JXHVW�OHFWXUH



7RGD\
�� ,PLWDWLRQ�YV�EDWFK�RIIOLQH�5/�SROLF\�OHDUQLQJ
�� )LWWHG�4�,WHUDWLRQ���2IIOLQH�4�/HDUQLQJ
�� 3HVVLPLVP
�� &DVH�6WXG\



,V�WKH�+RSH�IRU�%DWFK�5/�RYHU�,PLWDWLRQ�/HDUQLQJ"
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*LYHQ�a��N�/HDUQHUV¶�7UDMHFWRULHV
:LWK�5DQGRP�$FWLRQ��/HYHOV�

*RDO��/HDUQ�D�1HZ�3ROLF\�WR�
0D[LPL]H�6WXGHQW�3HUVLVWHQFH

�



*LYHQ�a��N�/HDUQHUV¶�7UDMHFWRULHV
:LWK�5DQGRP�$FWLRQ��/HYHOV�

/HDUQ�D�3ROLF\�WKDW�,QFUHDVHV�
6WXGHQW�3HUVLVWHQFH

�0DQGHO��/LX��%UXQVNLOO��3RSRYLF������

�



*LYHQ�a��N�/HDUQHUV¶�7UDMHFWRULHV
:LWK�5DQGRP�$FWLRQ��/HYHOV�

/HDUQHG�D�3ROLF\�WKDW�,QFUHDVHG�
6WXGHQW�3HUVLVWHQFH�E\������

�0DQGHO��/LX��%UXQVNLOO��3RSRYLF������

�



7RGD\
�� ,PLWDWLRQ�YV�EDWFK�RIIOLQH�5/�SROLF\�OHDUQLQJ
�� )LWWHG�4�,WHUDWLRQ���2IIOLQH�4�/HDUQLQJ
�� 3HVVLPLVP
�� &DVH�VWXG\



2IIOLQH���%DWFK�5HLQIRUFHPHQW�/HDUQLQJ�

$VVXPSWLRQV

(YDOXDWLRQ�
&ULWHULD

7DVNV

Ɣ 0DUNRY"
Ɣ 2YHUODS"
Ɣ 6HTXHQWLDO�LJQRUDELOLW\"�

Ɣ (PSLULFDO�DFFXUDF\
Ɣ &RQVLVWHQF\
Ɣ 5REXVWQHVV
Ɣ $V\PSWRWLF�HIILFLHQF\
Ɣ )LQLWH�VDPSOH�ERXQGV
Ɣ &RPSXWDWLRQDO�FRVW



%DWFK�3ROLF\�2SWLPL]DWLRQ��)LQG�D�*RRG�3ROLF\�7KDW�:LOO�
3HUIRUP�:HOO�LQ�WKH�)XWXUH

Ɣ 0]G<s�qQYY�[]j�DI�<�E]ZdgIPI[hQpI�]pIgpQIq��Dkj�Q[hjI<G�PQOPYQOPj�h]ZI�
]N�jPI�EP<YYI[OIh�Q[p]YpIG�²�h]ZI�<ddg]<EPIh�qQjP�GIhQg<DYI�hj<jQhjQE<Y�
dg]dIgjQIh�E][pIgOI[EI��h<ZdYI�INNQEQI[Es�²�D]k[Gh��



3ROLF\�2SWLPL]DWLRQ��)LQG�*RRG�3ROLF\�WR�'HSOR\



 I<g[��s[<ZQEh�<[G�.Iq<gG�!]GIYh�Ng]Z��<j<��+Y<[



!]GIY��gII�6<YkI��k[EjQ][��ddg]rQZ<jQ][���QjjIG�-��jIg<jQ][�



9DOXH�)XQFWLRQ�(VWLPDWLRQ��)LWWHG�4�,WHUDWLRQ

���&KHQ�	�-LDQJ�,&0/�����



9DOXH�)XQFWLRQ�(VWLPDWLRQ��)LWWHG�4�,WHUDWLRQ

2YHUODS�DVVXPSWLRQ��&RQFHQWUDWDELOLW\�FRHIILFLHQW

5HDOL]DELOLW\

&RPSOHWHQHVV

���&KHQ�	�-LDQJ�,&0/�����



7RGD\
�� ,PLWDWLRQ�YV�EDWFK�RIIOLQH�5/�SROLF\�OHDUQLQJ
�� )LWWHG�4�,WHUDWLRQ���2IIOLQH�4�/HDUQLQJ
�� 3HVVLPLVP
�� &DVH�6WXG\



&KHFN�<RXU�,QWXLWLRQ
Ɣ 2SWLPLVP�XQGHU�XQFHUWDLQW\�FDQ�HQDEOH�VXEOLQHDU�UHJUHW�LQ�RQOLQH�PXOWL�DUPHG�EDQGLWV
Ɣ 3HVVLPLVP�XQGHU�XQFHUWDLQW\�FDQ�OHDG�WR�OLQHDU�UHJUHW�LQ�RQOLQH�PXOWL�DUPHG�EDQGLWV
Ɣ :LWK�KLJK�SUREDELOLW\�WKH�RSWLPLVWLF�XSSHU�ERXQG�RQ�WKH�VHOHFWHG�DUP�LQ�8&%�DOJRULWKPV�

LV�DQ�XSSHU�ERXQG�RQ�WKH�SHUIRUPDQFH�RI�DQ\�DUP
Ɣ ,Q�RIIOLQH���EDWFK�5/�VHOHFWLQJ�WKH�RSWLPLVWLF�EHVW�DUP�LV�OLNHO\�WR�EH�EHVW
Ɣ ,Q�RIIOLQH���EDWFK�5/�VHOHFWLQJ�WKH�DUP�ZLWK�WKH�KLJKHVW�PHDQ�LV�OLNHO\�WR�EH�EHVW
Ɣ ,Q�RIIOLQH���EDWFK�5/�VHOHFWLQJ�WKH�DUP�ZLWK�WKH�KLJKHVW�PHDQ�LV�OLNHO\�WR�EH�EHVW
Ɣ 1RW�VXUH



2IIOLQH���%DWFK�5HLQIRUFHPHQW�/HDUQLQJ�

$VVXPSWLRQV

(YDOXDWLRQ�
&ULWHULD

7DVNV

Ɣ 0DUNRY"
Ɣ 2YHUODS"
Ɣ 6HTXHQWLDO�LJQRUDELOLW\"�

Ɣ (PSLULFDO�DFFXUDF\
Ɣ &RQVLVWHQF\
Ɣ 5REXVWQHVV
Ɣ $V\PSWRWLF�HIILFLHQF\
Ɣ )LQLWH�VDPSOH�ERXQGV
Ɣ &RPSXWDWLRQDO�FRVW
Ɣ &RQVWUDLQWV"



6WDQGDUG�$VVXPSWLRQV�IRU�2II�3ROLF\���&RXQWHUIDFWXDO�
(VWLPDWLRQ�	�2SWLPL]DWLRQ

Ɣ 2YHUODS
ż +DYH�WR�WDNH�DOO�DFWLRQV�WKDW�WDUJHW�SROLF\�ZRXOG�WDNH
ż ,Q�LQILQLWH�GDWD���ILQLWH�GDWD

Ɣ 1R�FRQIRXQGLQJ



2YHUODS�5HTXLUHPHQW��'DWD�0XVW�6XSSRUW�3ROLF\�
:LVK�WR�(YDOXDWH

$QWLELRWLFV 9DVRSUHVVRU0HFKDQLFDO�
9HQWLODWLRQ

3UREDELOLW\�RI�
LQWHUYHQWLRQ

3ROLF\�ZLVK�WR�HYDOXDWH

3ROLF\�XVHG�WR�JDWKHU�GDWD



1R�2YHUODS�IRU�9DVRSUHVVRU䋻�&DQ¶W�'R�2II�3ROLF\�
(VWLPDWLRQ�IRU�'HVLUHG�3ROLF\

$QWLELRWLFV 9DVRSUHVVRU0HFKDQLFDO�
9HQWLODWLRQ

3UREDELOLW\�RI�
LQWHUYHQWLRQ

3ROLF\�XVHG�WR�JDWKHU�GDWD

3ROLF\�ZLVK�WR�HYDOXDWH



/LPLWDWLRQV�RI�3ULRU�:RUN

Ɣ 7\SLFDOO\�DVVXPH�RYHUODS�
ż 2II�SROLF\�HVWLPDWLRQ��IRU�SROLF\�RI�LQWHUHVW
ż 2II�SROLF\�RSWLPL]DWLRQ��IRU�DOO�SROLFLHV�LQFOXGLQJ�RSWLPDO�RQH�

�VHH�FRQFHQWUDELOLW\�DVVXPSWLRQ�LQ�EDWFK�5/�
Ɣ 8QOLNHO\�WR�EH�WUXH�LQ�PDQ\�VHWWLQJV
Ɣ 0DQ\�UHDO�GDWDVHWV�GRQ¶W�LQFOXGH�FRPSOHWH�UDQGRP�H[SORUDWLRQ



/LPLWDWLRQV�RI�3ULRU�:RUN

Ɣ 7\SLFDOO\�DVVXPH�RYHUODS�
ż 2II�SROLF\�HVWLPDWLRQ��IRU�SROLF\�RI�LQWHUHVW
ż 2II�SROLF\�RSWLPL]DWLRQ��IRU�DOO�SROLFLHV�LQFOXGLQJ�RSWLPDO�RQH�

�VHH�FRQFHQWUDELOLW\�DVVXPSWLRQ�LQ�EDWFK�5/�
Ɣ 8QOLNHO\�WR�EH�WUXH�LQ�PDQ\�VHWWLQJV
Ɣ 0DQ\�UHDO�GDWDVHWV�GRQ¶W�LQFOXGH�FRPSOHWH�UDQGRP�H[SORUDWLRQ
Ɣ $VVXPLQJ�RYHUODS�ZKHQ�LW¶V�QRW�WKHUH�FDQ�EH�D�SUREOHP�

ż :H�FDQ�HQG�XS�ZLWK�D�SROLF\�ZLWK�HVWLPDWHG�KLJK�SHUIRUPDQFH��
EXW�DFWXDOO\�GRHV�SRRUO\�ZKHQ�GHSOR\HG



'RLQJ�WKH�%HVW�ZLWK�:KDW�:H¶YH�*RW��2II�3ROLF\�2SWLPL]DWLRQ�
:LWKRXW�)XOO�'DWD�&RYHUDJH

Ɣ ,GHD��UHVWULFW�RII�SROLF\�RSWLPL]DWLRQ�WR�WKRVH�ZLWK�RYHUODS�LQ�GDWD
Ɣ &RPSXWDWLRQDOO\�WUDFWDEOH�DOJRULWKP�
Ɣ 6LPSOH�LGHD��DVVXPH�SHVVLPLVWLF�RXWFRPHV�IRU�DUHDV�RI�

VWDWH��DFWLRQ�VSDFH�ZLWK�LQVXIILFLHQW�RYHUODS�VXSSRUW

&RPPRQ�FKDOOHQJH�WKDW¶V�DWWUDFWHG�VXEVWDQWLDO�LQWHUHVW�LQ�ODVW�IHZ�
\HDUV�EXW���

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����



�YYkhjg<jQpI��r<ZdYIh

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����
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.IEI[j�
][hIgp<jQpI��<jEP�.IQ[N]gEIZI[j� I<g[Q[O�
�gI��[hkNNQEQI[j

.I<h][h�qPs�D<hIYQ[Ih�N<QY�
� !<[s�D<hIYQ[Ih�N]Ekh�][�

dI[<Yjs�E][hjg<Q[jh�jP<j�<gI�D<hIG�][�
GQhj¥�ᵨ¥<�h¦��ᵨ¢D¥<�h¦¦��

� �[�jPQh�Ir<ZdYI�<�hIfkI[EI�]N�Y<gOI�
<EjQ][�E][GQjQ][<Y�dg]D<DQYQjQIh�YI<Gh�j]�
<�g<gI�hj<jI�

� �kI�j]�NQ[QjI�h<ZdYIh��IhjQZ<jIh�]N�jPI�
gIq<gG�]N�jPQh�g<gI�hj<jI�E<[�DI�
]pIgIhjQZ<jIG��



/kEEIhh�g<jI��¾¥OIjjQ[O�jPI�]djQZ<Y�d]YQEs¦�¾¥jgQ<Yh¦

.IEI[j�
][hIgp<jQpI��<jEP�.IQ[N]gEIZI[j� I<g[Q[O�
�gI��[hkNNQEQI[j

.I<h][h�qPs�D<hIYQ[Ih�N<QY�
� /+����<GGh�E][hIgp<jQhZ�D<hIG�][�

IhjQZ<jIh�]N�ᵨ¢D�²�6�]N�ᵨ¢D�
� �[�jPQh�Ir<ZdYI��jPI�<EjQ][h�qPQEP�Qh�

g<gI�k[GIg�ᵨ¢D�<Yh]�P<pI�<�hj]EP<hjQE�
jg<[hQjQ][�<[G�gIq<gG��jPkh�jPI�ᵨ¢D�h�6�
Qh�]pIgIhjQZ<jIG�



� �

�GI<��1hI�dIhhQZQhjQE�p<YkI�N]g�hj<jI�<EjQ][�hd<EI�qQjP�
Q[hkNNQEQI[j�G<j<

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����



� �

�GI<��1hI�dIhhQZQhjQE�p<YkI�N]g�hj<jI�<EjQ][�hd<EI�qQjP�
Q[hkNNQEQI[j�G<j<

D�E<[�<EE]k[j�N]g�hj<jQhjQE<Y�
k[EIgj<Q[js�GkI�j]�NQ[QjI�h<ZdYIh

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����



� �

�GI<��1hI�dIhhQZQhjQE�p<YkI�N]g�hj<jI�<EjQ][�hd<EI�qQjP�
Q[hkNNQEQI[j�G<j<

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����
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�GI<��1hI�dIhhQZQhjQE�p<YkI�N]g�hj<jI�<EjQ][�hd<EI�qQjP�
Q[hkNNQEQI[j�G<j<

䋻�Þ�Á�N]g�¥h��<�¦�qQjP�Q[hkNNQEQI[j�G<j<��
7I�<hhkZI�g¥h�<¦�àÞ�Á

0PIgIN]gI�dIhhQZQhjQE�IhjQZ<jI�N]g�hkEP�jkdYIh
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�GI<��1hI�dIhhQZQhjQE�p<YkI�N]g�hj<jI�<EjQ][�hd<EI�qQjP�
Q[hkNNQEQI[j�G<j<

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����
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!<gOQ[<YQvIG��IP<pQ]g�/kdd]gjIG�¥!��¦�+]YQEs�

$djQZQv<jQ][�



�hhkZI�N]g�<[s�p¥h�<¦�GQhjgQDkjQ][�d]hhQDYI�
k[GIg�h]ZI�d]YQEs�Q[�jPQh�!�+�

0DMRULW\�RI�3DVW�0RGHO�)UHH�%DWFK�5/�7KHRU\�IRU�
)XQFWLRQ�$SSUR[LPDWLRQ�6HWWLQJ�

/LX��6ZDPLQDWKDQ��$JDUZDO��%UXQVNLOO�1HXU,36�����



%HVW�LQ�:HOO�6XSSRUWHG�3ROLF\�&ODVV


�hhkZI�N]g�<[s�p¥h�<¦�GQhjgQDkjQ][�d]hhQDYI�
k[GIg�h]ZI�d]YQEs�Q[�jPQh�!�+�

�INQ[I

«"]jI��+]YQEs�hIj�ᵎ
<YY
�Qh�[]j�E][hjgkEjIG��Dkj�QZdYQEQjYs�]kg�<YO]gQjPZ�][Ys�E][hQGIgh�IYIZI[jh�Q[�Qj





0PI]gIjQE<Y�.IhkYj
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Â��7I�]ZQj�h]ZI�E][hj<[j�jIgZh�jP<j�Qh�h<ZI�<h�hj<[G<gG���+�<[<YshQh�qQjP�Nk[EjQ][�<ddg]rQZ<jQ][�
Ã���]g�6��gIhkYjh�jPIgI�Qh�<[]jPIg�QZd]gj<[j�E][hj<[j�jIgZ��hII�]kg�d<dIg�N]g�GIj<QYIG�gIhkYj�<[G�GQhEkhhQ][��

"]jI��.IhkYjh�<gI�N]g�
Nk[EjQ][�<ddg]rQZ<jQ][��
NQ[QjI�h<ZdYI�hIjjQ[O




<[��]��Ij�/kDhj<[jQ<YYs��IjjIg�/]YkjQ][h��7QjP�/<ZI��<j<

 Qk��/q<ZQ[<jP<[���O<gq<Y���gk[hXQYY�"Ikg�+/�Á¿Á¿



7KLV�:DV�0RGHO�)UHH��0LJKW�0RGHOV�%H�(YHQ�%HWWHU"

Ɣ 0RGHO�EDVHG�DSSURDFKHV�FDQ�EH�SURYDEO\�PRUH�HIILFLHQW�WKDQ�PRGHO�IUHH�
YDOXH�IXQFWLRQ�IRU�RQOLQH�HYDOXDWLRQ�RU�FRQWURO

6XQ��-LDQJ��.ULVKQDPXUWK\��
$JDUZDO��/DQJIRUG�&2/7�����

7X�	�5HFKW�&2/7�����



&RQFXUUHQW�:RUN�RQ�&RQVHUYDWLYH�0RGHO�%DVHG�2IIOLQH�%DWFK�
5HLQIRUFHPHQW�/HDUQLQJ

Ɣ ([��<X��7KRPDV��<X��(UPRQ��=RX��/HYLQH��)LQQ�	�0D��1HXU,36�
������DQG�.LGDPEL��5DMHVZDUDQ��1HWUDSDOOL�	�-RDFKLPV��1HXU,36�
�����

Ɣ /HDUQ�D�PRGHO�DQG�SHQDOL]H�PRGHO�XQFHUWDLQW\�GXULQJ�SODQQLQJ
Ɣ (PSLULFDOO\�YHU\�SURPLVLQJ�RQ�'�5/�WDVNV�
Ɣ 7KHLU�ZRUN�KDV�PRUH�OLPLWHG�WKHRUHWLFDO�DQDO\VLV



(DUO\�&RPSDULVRQ�ZLWK�&RQFXUUHQW�:RUN�

0%6�%&4 0%6�%($5 %&4 %($5 0232 &4/

+RSSHU�PHGLXP ���� ���� ����� ����� ����� ����



(DUO\�&RPSDULVRQ�ZLWK�&RQFXUUHQW�:RUN�

0%6�%&4 0%6�%($5 %&4 %($5 0232 &4/

+RSSHU�PHGLXP ���� ���� ����� ����� ����� ����

+DOI&KHHWDK�PHGLXP ���� ���� ���� ���� ����� ����

:DONHU�G�PHGLXP ���� ���� ���� ���� ���� ����



(DUO\�&RPSDULVRQ�ZLWK�&RQFXUUHQW�:RUN�

Ɣ 3UHOLPLQDU\�GUDIW�UHVXOWV��RQ�VRPH�'�5/�UHFHQW�PRGHO�EDVHG�SHVVLPLVWLF�
DSSURDFKHV�RU�&4/�GR�EHWWHU

Ɣ ,Q�JHQHUDO�VXVSHFW�UHFHQW�PRGHO�EDVHG�DSSURDFKHV�ZLOO�GRPLQDWH�RXU�0%6�
HPSLULFDOO\�EXW�RXU�WKHRUHWLFDO�UHVXOWV�DUH�VWURQJHU

Ɣ ,QWHUHVWLQJ�WR�VHH�IXUWKHU�WKHRUHWLFDO�ZRUN�RQ�PRGHO�EDVHG�DSSURDFKHV

0%6�%&4 0%6�%($5 %&4 %($5 0232 &4/

+RSSHU�PHGLXP ���� ���� ����� ����� ����� ����

+DOI&KHHWDK�PHGLXP ���� ���� ���� ���� ����� ����

:DONHU�G�PHGLXP ���� ���� ���� ���� ���� ����



3HVVLPLVWLF�0RGHO�)UHH�%DWFK�2IIOLQH�3ROLF\�
/HDUQLQJ
Ɣ 5HVWULFW�RII�SROLF\�RSWLPL]DWLRQ�WR�WKRVH�ZLWK�RYHUODS�LQ�GDWD
Ɣ &RPSXWDWLRQDOO\�WUDFWDEOH�DOJRULWKP�
Ɣ 6LPSOH�LGHD��DVVXPH�SHVVLPLVWLF�RXWFRPHV�IRU�DUHDV�RI�

VWDWH��DFWLRQ�VSDFH�ZLWK�LQVXIILFLHQW�RYHUODS�VXSSRUW
Ɣ 7KHRUHWLFDO�UHVXOWV�ERXQG�GLVWDQFH�WR�EHVW�VXSSRUWHG�SROLF\

ż &RQVLGHUV�ILQLWH�VDPSOH�	�IXQFWLRQ�DSSUR[LPDWLRQ
Ɣ 0RGHO�IUHH�YDOXH�IXQFWLRQ�PHWKRG

䋻�3HVVLPLVP�XQGHU�XQFHUWDLQW\�KDV�UHFHLYHG�D�ORW�RI�DWWHQWLRQ�LQ�
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