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�űťƬĝǒƬ
Ɣ rűƠƬȬɉòŚŚɊȬţòƠƠłǌĝȬĶòŚòǒłĝƠȬĽòǌĝȬòȬƠƴƕĝƘţòƠƠłǌĝȬĎŚòďŗȬĽűŚĝ

Ɣ �ďƬłǌĝȬGòŚòďƬłďȬtƴďŚĝłȬòƘĝȬĵűƴťĖȬłťȬűťŚǓȬòȬĵƘòďƬłűťȬűĵȬĶòŚòǒłĝƠ
ĺȬ�NƠȬòƘĝȬűťŚǓȬɑòďƬłǌĝɒȬƠűţĝȬűĵȬƬĽĝȬƬłţĝȬɉǧłďŗĝƘȬűťȬòťĖȬűǣɊ

�
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ

¥�QEX]r�Ij�<Y��ÃÁÂÅ¦



�űťƬĝǒƬ
Ɣ rűƠƬȬɉòŚŚɊȬţòƠƠłǌĝȬĶòŚòǒłĝƠȬĽòǌĝȬòȬƠƴƕĝƘţòƠƠłǌĝȬĎŚòďŗȬĽűŚĝ

Ɣ �ďƬłǌĝȬGòŚòďƬłďȬtƴďŚĝłȬòƘĝȬĵűƴťĖȬłťȬűťŚǓȬòȬĵƘòďƬłűťȬűĵȬĶòŚòǒłĝƠ
ĺȬ�NƠȬòƘĝȬűťŚǓȬɑòďƬłǌĝɒȬƠűţĝȬűĵȬƬĽĝȬƬłţĝȬɉǧłďŗĝƘȬűťȬòťĖȬűǣɊ

Ɣ �GtȬòƘĝȬĵűƴťĖȬłťȬĖłǣĝƘĝťƬȬɑǧòǌűƘƠɒ
ż �ďƬłǌĝȬGòŚòďƬłďȬtƴďŚĝłȲȬÜĽòƬɔƠȬłťȬòȬťòţĝȷȬɉ¤òĖűǌòťłʃȬǰǮǯǵɊ
ż %ƴĝȬƬűȬűƘłĝťƬòƬłűťȬĝǣĝďƬƠȬòťĖȽűƘȬĝǌűŚƴƬłűťòƘǓȬƬƘĝťĖƠȬűƘȬƕĽòƠĝƠȬ

�
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



�GtȬÃťłǦĝĖȬrűĖĝŚ

�

7KLV�YHUVLRQ��&ODXGLR�5LFFL

2ULJLQDO�YHUVLRQV�
$QWRQXFFL���������9VV]�
�4EHSZERM������

%PWS�WII��
2IX^IV��������8LSVRI�IX�EP�������

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



�űťƬĝǒƬ
Ɣ rűƠƬȬɉòŚŚɊȬţòƠƠłǌĝȬĶòŚòǒłĝƠȬĽòǌĝȬòȬƠƴƕĝƘţòƠƠłǌĝȬĎŚòďŗȬĽűŚĝ

Ɣ �ďƬłǌĝȬGòŚòďƬłďȬtƴďŚĝłȬòƘĝȬĵűƴťĖȬłťȬűťŚǓȬòȬĵƘòďƬłűťȬűĵȬĶòŚòǒłĝƠ
ĺȬ�NƠȬòƘĝȬűťŚǓȬɑòďƬłǌĝɒȬƠűţĝȬűĵȬƬĽĝȬƬłţĝȬɉǧłďŗĝƘȬűťȬòťĖȬűǣɊ

Ɣ �GtȬòƘĝȬĵűƴťĖȬłťȬĖłǣĝƘĝťƬȬɑǧòǌűƘƠɒ
ż �ďƬłǌĝȬGòŚòďƬłďȬtƴďŚĝłȲȬÜĽòƬɔƠȬłťȬòȬťòţĝȷȬɉ¤òĖűǌòťłʃȬǰǮǯǵɊ
ż %ƴĝȬƬűȬűƘłĝťƬòƬłűťȬĝǣĝďƬƠȬòťĖȽűƘȬĝǌűŚƴƬłűťòƘǓȬƬƘĝťĖƠȬűƘȬƕĽòƠĝƠȬ

Ɣ �ƕĝťȬƗƴĝƠƬłűťƠȬƘĝĶòƘĖłťĶȬƠƴƕĝƘţòƠƠłǌĝȬĎŚòďŗȬĽűŚĝƠȲ
ż FűƘţòƬłűťȲȬĎŚòďŗȬĽűŚĝȬƠĝĝĖƠ
ż GƘűǍƬĽȲȬòďďƘĝƬłűťȬòťĖȽűƘȬţĝƘĶĝƘƠ
ż FĝĝĖĎòďŗȲȬƠĝŚĵɁƘĝĶƴŚòƬłűťȬʃȬƘĝĶƴŚòƬłűťȬűĵȬĽűƠƬȬĶòŚòǒłĝƠ

�
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



�ƕƕƘűòďĽ
Ɣ hĝǌĝƘòĶĝȬŚòƘĶĝȬűƕƬłďòŚȬƠƕĝďƬƘűƠďűƕǓȬƠƴƘǌĝǓƠ

ż ¯%¯¯ȲȬʏǯȬţłŚŚłűťȬĶòŚòǒłĝƠȬɝȬƗƴòƠòƘƠ
ż %/¯SȲȬʏǯȬţłŚŚłűťȬĶòŚòǒłĝƠȬɝȬƗƴòƠòƘƠȬɉ/%§ɊȬòťĖȬʉǯǮȬţłŚŚłűťȬɉ%§ǯȳȬǰǮǰǳɊ

Ɣ ¤òƘƬȬSȲȬ�űţƕòƘĝȬƬƘòĖłƬłűťòŚȬ�GtȬĖłòĶťűƠƬłďƠȬƬűȬrhȬţűĖĝŚȬƬƘòłťĝĖȬ
űťȬďűţƕŚĝƬĝȬƠƕĝďƬƘòȬɉĝȰĶȰȱȬ¤űƘƬłŚŚűʃǰǮȱȬ¤òƬʃǰǰȱȬrĝŚďĽłűƘʃǰǱȱȬ
hłòťĶʃǰǱòȱǰǱĎȱȬ�żĽţʃǰǱɊ

Ɣ ¤òƘƬȬSSȲȬSťǌĝƠƬłĶòƬĝȬ%/¯SȬƬòƘĶĝƬȬƠĝŚĝďƬłűťȲȬǦŚŚłťĶȬłťȬòȬţłƠƠłťĶȬ
ƗƴòƠòƘȬƕűƕƴŚòƬłűťȬʃȬǦťĖłťĶȬƘòƘĝȬĶĝţƠȬɉdƴťĝòƴʃǰǲɊ

�
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



¤ƘűĎòĎłŚłƠƬłďȬ�ƴƬűĝťďűĖĝƘȬɉ¤�/Ɋ

Pjjdh���OQjPkD�E]Z�6!�]IPZ�+sj]gEP+��

¥�bPZ�²�/IYW<X�ÃÁÃÃ����bPZ���QZ�²��k[I<k�ÃÁÃÄ��<Yh]�hII�<�hQZQY<g�+���<ddg]<EP�Ds�!IYEPQ]g�Ij�<Y��ÃÁÃÄ¦

https://github.com/VMBoehm/PytorchPAE


¤ƘűĎòĎłŚłƠƬłďȬ�ƴƬűĝťďűĖĝƘȬɉ¤�/Ɋ

Pjjdh���OQjPkD�E]Z�6!�]IPZ�+sj]gEP+��

¥�bPZ�²�/IYW<X�ÃÁÃÃ����bPZ���QZ�²��k[I<k�ÃÁÃÄ¦

Ɣ ¯ƬƘòƬĝĶłĝƠȬƬűȬòďďűƴťƬȬĵűƘȬďĝƘƬòłťȬďŚòƠƠĝƠȬɉĝȰĶȰȱȬ¦¯�ɊȬĎĝłťĶȬţűƘĝȬ
ƘòƘĝȬƬĽòťȬűƬĽĝƘƠȬɉĝȰĶȰȱȬG�h�áâɊ
ż /ǌòŚƴòƬĝȬďűťĖłƬłűťòŚȬƕƘűĎòĎłŚłƬǓȬĶłǌĝťȬòȬŚòĎĝŚȬɉďŚòƠƠʃƠƴĎďŚòƠƠɊ

Ɣ /ǒòţƕŚĝƠȬǍłƬĽűƴƬȬɉĝȰĶȰȱȬ¤òƬʃǰǰȱȬhłòťĶʃǰǱòɊȬòťĖȬǍłƬĽȬɉ�żĽţʃǰǱɊȬ
ďűťĖłƬłűťòŚȬĖĝťƠłƬǓȬĝƠƬłţòƬłűťȬ

https://github.com/VMBoehm/PytorchPAE


/ǒòţƕŚĝȬűƴƬŚłĝƘȬ¯%¯¯ȬƠƕĝďƬƘòȬɉťűťɁďűťĖłƬłűťòŚȬűťȬŚòĎĝŚƠɊ

¥+<j���k[I<k���bPZ�Ij�<Y���ÃÁÃÃ¦
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



/ǒòţƕŚĝȬűƴƬŚłĝƘȬ¯%¯¯ȬƠƕĝďƬƘòȬɉťűťɁďűťĖłƬłűťòŚȬűťȬŚòĎĝŚƠɊ

¥+<j���k[I<k���bPZ�Ij�<Y���ÃÁÃÃ¦
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



�ŚòƠƠłǦďòƬłűťȬďűţĎłťłťĶȬ�¤¼ȬɝȬÜN�tȬĖłòĶƘòţƠ

¥ INj¦�/j<g��]gZQ[O��]Zd]hQjI�<[G�"<gg]q�YQ[I���"���¥!QGGYI¦��.$�� �"��NY<O�

Qh�hIj�Ds�/�//�dQdIYQ[I�ĺ���g]<G�YQ[I���"���¥.QOPj¦�.IjQgIG�²�+<hhQpI�O<Y<rQIh

7��"���fkQp<YI[j�qQGjP�]N��Į�ph��§"��¨��Į�g<jQ]�¥QG��Ig[<[GIh�Ij�<Y��ÃÁÂÂ¦

7��"�+0�+0



Ãr�¤ȬĵƘűţȬƠƕĝďƬƘò

¥+<j���k[I<k���bPZ�Ij�<Y���ÃÁÃÃ¦/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



Ãr�¤ȬĵƘűţȬƠƕĝďƬƘò Ãr�¤ȬĵƘűţȬ�/ȬŚòƬĝťƬȬƠƕòďĝ

¥+<j���k[I<k���bPZ�Ij�<Y���ÃÁÃÃ¦/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



¥+<j���k[I<k���bPZ�Ij�<Y���ÃÁÃÃ¦

-/$�¥�.$�� �"��Y<DIY¦



¼ƘĝťĖƠȬòţűťĶȬ�§��%hSt/ȬǧòĶĶĝĖȬƠƕĝďƬƘò

D
E
F

G
H

I



¼ƘĝťĖƠȬòţűťĶȬ�§��%hSt/ȬǧòĶĶĝĖȬƠƕĝďƬƘò



0PI�GQhjQ[Ej�Dg<[EP�E][hQhjh�]N�-/$�

hdIEjg<�[I<gYs�QGI[jQE<Y�j]�<pIg<OI�/�//�

fk<h<g�¥6<[GI[�IgX�ÃÁÁÂ¦

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ

¼ƘĝťĖƠȬòţűťĶȬ�§��%hSt/ȬǧòĶĶĝĖȬƠƕĝďƬƘò



0PI�GQhjQ[Ej�Dg<[EP�E][hQhjh�]N�-/$�

hdIEjg<�[I<gYs�QGI[jQE<Y�j]�<pIg<OI�/�//�

fk<h<g�¥6<[GI[�IgX�ÃÁÁÂ¦

0PI[�<�jgI[G�]N�gIGGI[Q[O�]DhEkg<jQ][

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ

¼ƘĝťĖƠȬòţűťĶȬ�§��%hSt/ȬǧòĶĶĝĖȬƠƕĝďƬƘò

͛



5HG�TXDVDUV�DV�D�UDUH�SRSXODWLRQ��RU�LQ�D�VSHFLDO�SKDVH�

Ɣ ��/��hIE][G<gs�dg]Og<Z�YIG�Ds�6QEXs��<qEIjj�¥�<qEIjj�Ij�<Y��ÃÁÃÄ¦
Ɣ ][hjgkEj�<�Z]gI�E]ZdYIjI�<[G�GQpIghI�EI[hkh�]N�fk<h<gh��d<gjQEkY<gYs�gIGGI[IG�<[G�

IrjgIZIYs�gIGGI[IG�fk<h<gh�

Ɣ 0Ihj�qPIjPIg�Gkhj�]DhEkgIG�fk<h<gh�gIdgIhI[j�<�hdIEQ<Y�¥jg<[hQjQ][¦�dP<hI�Q[�jPI�Ip]YkjQ][�]N�

fk<h<gh�<[G�jPI�N]gZ<jQ][�]N�Z<hhQpI�O<Y<rQIh�

6OLGH�FUHGLWV��5��)DZFHWW��-��0RXVWDNDV



%/¯SȬɉ%òƘŗȬ/ťĝƘĶǓȬ¯ƕĝďƬƘűƠďűƕłďȬSťƠƬƘƴţĝťƬɊ

�[hj<YYIG�<j�jPI�Å�ZIjIg�!<s<YY�jIYIhE]dI�¥�Qjj�+I<X���;¦

7QYY�]Dj<Q[�hdIEjg<�]N�ÅÁ�ZQYYQ][�O<Y<rQIh�²�fk<h<gh�Q[�Æ�sI<gh�¥ÃÁÃÂ�ÃÁÃÇ¦

��/��Qh�Nk[GIG�Ds�jPI��$��$NNQEI�]N�/EQI[EI�<[G�hIpIg<Y�]jPIgh�<h�YQhjIG�<j�GIhQ�YDY�O]p�<EX[]qYIGOZI[jh�/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ

https://www.desi.lbl.gov/acknowledgements/


'VIHMX��(��7GLPIKIP�&IVOIPI]�0EF�YWMRK�HEXE�JVSQ�()7-

FƛŵŨ¯%¯¯͋

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



'VIHMX��(��7GLPIKIP�&IVOIPI]�0EF�YWMRK�HEXE�JVSQ�()7-

͋Ʊŵ%-¯U

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



/ţĎòƘŗłťĶȬűťȬòȬ¦ƴòƠòƘȬƘĝƠďƴĝȬţłƠƠłűť

��/���gQOPj��<Y<rs�/kgpIs�
Ɣ �gQOPj�¥g�ß�ÂÊ�Æ¦�Û��<Q[j�¥g�ß�ÃÁ�Ä���¦
Ɣ /j<g��<Y<rs�hId<g<jQ][�¥�� �g�à�Á�Ç¦�gIZ]pIh�

hj<gh�¥O]]G¦�<[G�h]ZI�fk<h<gh�¥h<G¦

!QhhQ][�
Ɣ +kj�jPI�fk<h<gh�D<EX�Q[��

¥qQjP]kj�Q[EgI<hQ[O�hjIYY<g�E][j<ZQ[<jQ][¦

/jg<jIOs�
Ɣ ]Y]g�Ekjh�YIpIg<OQ[O�7�/��D<[Gh�dg]DQ[O�

��"�PI<jIG�Gkhj�¥O��g��v��7Â��7Ã¦

ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ

/j<g��<Y<rs�hId<g<jQ][

*��*DLD����U��/6�

+]Q[j�h]kgEI

�rjI[GIG



/ţĎòƘŗłťĶȬűťȬòȬ¦ƴòƠòƘȬƘĝƠďƴĝȬţłƠƠłűť

�Q[<Y�gIhkYjh
Ɣ �h�<[jQEQd<jIG����/���"�j<gOIjh�<gI�

Z]hjYs�-k<h<gh�Dkj�]NjI[�qQjP�h]ZI�P]hj�
O<Y<rs�YQOPj�ĺ�Q[jIgZIGQ<jI�DIjqII[�jPI�
��/�h<ZdYI�<[G�jPI�-/$�h<ZdYI

Ɣ �Yh]�N]k[G��0sdI�Ã�/IsNIgj�¥/sÃ¦���"��
"<gg]q� Q[I�/IsNIgj�Â�¥" /sÂ¦���"��
�Y<v<gh���� �fk<h<gh��gIG�fk<h<gh

��/���.Â���àÂÆ�ÁÁÁ�k[QfkI���/���"�j<gOIjh

7QYY�DI�d<gj�]N���"�-/$�<j<Y]O�¥ZQYYQ][h¦

O<
h�
Ir

EQ
j<
jQ
]
[

O<h�Z]jQ][

ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ



/ţĎòƘŗłťĶȬűťȬòȬ¦ƴòƠòƘȬƘĝƠďƴĝȬţłƠƠłűť

ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ
O<

h�
Ir

EQ
j<
jQ
]
[

O<h�Z]jQ][

ı�!
���
��N
P�V

����
��G
H[�

ı�������NP�V������GH[�



¯ƕĝďƬƘòȬʃȬłţòĶĝƠȬĵűƘȬth¯ǓǯȬʇȬtòƘƘűǍɁhłťĝȬ¯ĝǓĵĝƘƬȬǯ

��ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ

6H\IHUW���ĺ�QRUPDOO\�
KDYH�EURDG�OLQHV

6FHQDULR�

<RXQJ�$*1�ZLWK�D�
ORZ�PDVV�EODFN�KROH�
JURZLQJ�IDVW

ĺ�DQDORJV�WR�
KLJK�UHGVKLIW�$*1�
IRXQG�ZLWK�-:67"

�WRSLF��%+�JURZWK���
%+�VHHGV�



¯ƕĝďƬƘòȬʃȬłţòĶĝƠȬĵűƘȬ�ŚòǝòƘƠ

��

VSHFW\SH *$/$;<

6WHOODU�DEVRUSWLRQ�
OLQHV�EXW�FRQWLQXXP�
ULVLQJ�WRZDUG�WKH�
EOXH�

2EYLRXV�9/$66����
*+]��FRXQWHUSDUWV

ĺ�/RRNLQJ�WRZDUG�
UDGLR�MHW�
�UDUH�RULHQWDWLRQ�

ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



¯ƕĝďƬƘòȬʃȬłţòĶĝƠȬĵűƘȬ��hȬƗƴòƠòƘƠ

¯ƱğƘŁóŪŇĞeƹŪĞóƹ͡�G¯�Gv ��

0LVVHG�E\�55
�LGHQWLILHG�E\�9,�

%ULJKW��U$%������
36)�PRUSKRORJ\
DOVR�462�WDUJHW

)DLQW��U$%!�����

QRQ�36)�PRUSK��
GXH�WR�SURMHFWHG�
QHLJKERU"



6OLGH�FUHGLWV��5��3XFKD��-��0RXVWDNDV

�ĐƱŇǑĞďşóĐśŁŵşĞƣŇŪşŵǒ͟ŨóƣƣėǒóƛĸĹóşóǗŇĞƣ
.<O<GIIdQX<�+kEP<�¥1[QpIghQjs�]N�1j<P¦

5HVHDUFK�GRQH�XVLQJ�
12,5/DE�'DWD�/DE�

DQG�1(56&



�űťďŚƴƠłűťƠ

Ɣ +g]D<DQYQhjQE��kj]I[E]GIgh�¥+��¦�E<[�
ż <EEkg<jIYs�gIE][hjgkEj�hdIEjg<�¥[]QhIYIhh�<[G�Q[d<Q[jIG�]pIg�O<dh¦
ż NQ[G�<[]Z<YQIh�¥qQjP�]g�qQjP]kj�dgI�<hhQO[IG�Y<DIYh¦

Ɣ ]ZDQ[Q[O�+���Û�1!�+�gIpI<Yh�Q[jIgIhjQ[O�hIfkI[EIh�q]gjP�hjkGsQ[O�NkgjPIg�¥+<j��
�k[I<k�Ij�<Y��ÃÁÃÃ¦
ż �QNNIgI[j�d]dkY<jQ][h�¥]g�Ip]YkjQ][<gs�dP<hIh¦�]N�fk<h<gh
ż /QZQY<g�j]�khQ[O�6���¥+]gjQYY]�Ij�<Y��ÃÁÃÁ¦�²�/+�"��.�¥!IYEPQ]g�Ij�<Y��ÃÁÃÄ�§j<YX¨�� Q<[O�Ij�<Y��

ÃÁÃÄ<�D�§d]hjIg¨¦

Ɣ �IpIY]dIG�j<gOIj�hIYIEjQ][�j]�gIE]pIg�ZQhhQ[O�fk<h<gh�Q[�jPI���/���gQOPj��<Y<rs�
/kgpIs�ĺ�N]k[G�[]gZ<Y�fk<h<gh�Dkj�<Yh]�h]ZI�g<gI�OIZh�¥�k[I<k�Ij�<Y��ÃÁÃÅ¦�

Ɣ �QhEkhhQ][��[IIG�j]�hjg<jIOQvI�<D]kj�P]q�j]�hIYIEj�j<gOIjh�Dkj�E<[�<Yh]�IrdY]Qj�h]ZI�
E][j<ZQ[<[jh�N<QYkgIh�<h�jPIs�E<[�gIpI<Y�Q[jIgIhjQ[O�]DWIEjh�

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



0PI�GQhjQ[Ej�Dg<[EP�E][hQhjh�]N�-/$�

hdIEjg<�pQgjk<YYs�QGI[jQE<Y�j]�<pIg<OI�

/�//�fk<h<g�¥6<[GI[�IgX�ÃÁÁÂ¦

0PI[�<�jgI[G�]N�gIGGI[Q[O�]DhEkg<jQ][

$kjYQIgh�G][�j�P<pI�jgkI�Dg]<G�¥�<YZIg¦�

YQ[Ih�<[G�<gQhI�Ng]Z�/�//�GINQ[QjQ][�

¥�7�!àÅÁÁ�XZ�h¦�dQEXQ[O�kd� �"�.h�Q[�

Z<hhQpI�O<Y<rQIh

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ

¼ƘĝťĖƠȬòţűťĶȬ�§��%hSt/ȬǧòĶĶĝĖȬƠƕĝďƬƘò



¯ƕĝďƬƘòȬʃȬłţòĶĝƠȬĵűƘȬƘĝĖȬƗƴòƠòƘƠ

��

0LVVHG�E\�55
�LGHQWLILHG�E\�9,�

%ULJKW��U$%������
36)�PRUSKRORJ\
DOVR�462�WDUJHW

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ



¤ƘűĎòĎłŚłƠƬłďȬ�ƴƬűĝťďűĖĝƘȬɉ¤�/Ɋ

Pjjdh���OQjPkD�E]Z�6!�]IPZ�+sj]gEP+��

¥�bPZ�²�/IYW<X�ÃÁÃÃ����bPZ���QZ�²��k[I<k�ÃÁÃÄ¦

https://github.com/VMBoehm/PytorchPAE


/ǒòţƕŚĝȬ¤�/ɁƘĝďűťƠƬƘƴďƬĝĖȬ¯%¯¯ȬƠƕĝďƬƘò

¥�bPZ���QZ�²��k[I<k�ÃÁÃÄ¦

 �//�¥!����+ �0�������.��¦

%ODFN��REVHUYHG�VSHFWUD��QRLV\�ZLWK�PDVNHG�UHJLRQV�
2UDQJH��GHQRLVHG�DQG�LQSDLQWHG�UHFRQVWUXFWHG�VSHFWUD

/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



¤ƘűĎòĎłŚłƠƬłďȬ�ƴƬűĝťďűĖĝƘȬɉ¤�/Ɋ

Pjjdh���OQjPkD�E]Z�6!�]IPZ�+sj]gEP+��

¥�bPZ�²�/IYW<X�ÃÁÃÃ����bPZ���QZ�²��k[I<k�ÃÁÃÄ¦

Ɣ ¯ƬƘòƬĝĶǓȬƬűȬòďďűƴťƬȬĵűƘȬďĝƘƬòłťȬďŚòƠƠĝƠȬɉĝȰĶȰȱȬ¦¯�ɊȬĎĝłťĶȬţűƘĝȬƘòƘĝȬ
ƬĽòťȬűƬĽĝƘƠȬɉĝȰĶȰȱȬG�h�áâɊ
ż /ǌòŚƴòƬłűťȬďűťĖłƬłűťòŚȬƕƘűĎòĎłŚłƬǓȬĶłǌĝťȬòȬŚòĎĝŚȬɉďŚòƠƠʃƠƴĎďŚòƠƠɊ

Ɣ �űţƕòƘĝȬǍłƬĽűƴƬȬɉĝȰĶȰȱȬ¤òƬʃǰǰȱȬhłòťĶʃǰǱòɊȬòťĖȬǍłƬĽȬɉ�żĽţʃǰǱɊȬ
ďűťĖłƬłűťòŚȬĖĝťƠłƬǓȬĝƠƬłţòƬłűťȬ

https://github.com/VMBoehm/PytorchPAE


�űţƕòƘłťĶȬ¤�/ȬǍłƬĽȽǍłƬĽűƴƬȬďűťĖłƬłűťòŚȬĖĝťƠłƬǓ

¥�bPZ���QZ�²��k[I<k�ÃÁÃÄ¦

%ODFN��TXLHVFHQW�JDOD[LHV
%OXH��RXWOLHUV�LQ�HDFK�UHGVKLIW�ELQ
2UDQJH��462�VSHFWUD��FRQGLWLRQDO�YV��QRW��



§ĝŚòĎĝŚłťĶȬòĵƬĝƘȬűťĝȬƘűƴťĖȬűĵȬ�/

¥�bPZ���QZ�²��k[I<k�ÃÁÃÄ¦



/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ +��!<gI[NIYG�"$�. <D�"/���1.�



/ţĎòƘŗłťĶȬűťȬòȬ¦ƴòƠòƘȬƘĝƠďƴĝȬţłƠƠłűť

�Q[<Y�gIhkYjh
Ɣ �h�IrdIEjIG����/���"�j<gOIjh�<gI�Z]hjYs�

-k<h<gh�Dkj�]NjI[�qQjP�h]ZI�P]hj�O<Y<rs�
YQOPj�ĺ�Q[jIgZIGQ<jI�DIjqII[�jPI���/�
h<ZdYI�<[G�jPI�-/$�h<ZdYI

Ɣ �Yh]�N]k[G��0sdI�Ã�/IsNIgj�¥/sÃ¦���"��
"<gg]q� Q[I�/IsNIgj�Â�¥" /sÂ¦���"��
�Y<v<gh���� �fk<h<gh��gIG�fk<h<gh

��/���.Â���àÂÆ�ÁÁÁ�k[QfkI���/���"�j<gOIjh

7QYY�DI�d<gj�]N���"�-/$�<j<Y]O�¥ZQYYQ][h¦

ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ



fłťĝţòƬłďɁ/ǒďłƬòƬłűťȬɉf/ǒɊȬĖłòĶƘòţ
Ɣ �òŚłĎƘòƬĝĖȬòƬȬŚűǍȬƘĝĖƠĽłĵƬȬǍłƬĽȬ¯%¯¯ȬƴƠłťĶȬ�¤¼ȬɉĎĝŚűǍɊȬòťĖȬÛ�ǶǵȬĖłòĶƘòţƠ

ìĽòťĶȬɝȬNòűȬɉǰǮǯǶȳȬ�ƕdȬǶǳǴȱȬǯǵǯɊ ��
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



fłťĝţòƬłďɁ/ǒďłƬòƬłűťȬɉf/ǒɊȬĖłòĶƘòţ
Ɣ �òŚłĎƘòƬĝĖȬòƬȬŚűǍȬƘĝĖƠĽłĵƬȬǍłƬĽȬ¯%¯¯ȬƴƠłťĶȬ�¤¼ȬɉŚĝĵƬɊȬòťĖȬÛ�ǶǵȬĖłòĶƘòţƠ
Ɣ ÃƠĝƠȬƬĽĝȬŚłťĝǍłĖƬĽȬűĵȬɍ�SSSɎǳǮǮǵȬòƠȬĽűƘłǝűťƬòŚȬòǒłƠ
Ɣ �òťȬĎĝȬòƕƕŚłĝĖȬƬűȬǝʏǯȬǍłƬĽȬűƕƬłďòŚȬƠƕĝďƬƘò

ìĽòťĶȬɝȬNòűȬɉǰǮǯǶȳȬ�ƕdȬǶǳǴȱȬǯǵǯɊ ��
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



fłťĝţòƬłďɁ/ǒďłƬòƬłűťȬɉf/ǒɊȬĖłòĶƘòţ
Ɣ �òŚłĎƘòƬĝĖȬòƬȬŚűǍȬƘĝĖƠĽłĵƬȬǍłƬĽȬ¯%¯¯ȬƴƠłťĶȬ�¤¼ȬɉŚĝĵƬɊȬòťĖȬÛ�ǶǵȬĖłòĶƘòţƠ
Ɣ ÃƠĝƠȬƬĽĝȬŚłťĝǍłĖƬĽȬűĵȬɍ�SSSɎǳǮǮǵȬòƠȬĽűƘłǝűťƬòŚȬòǒłƠ
Ɣ �òťȬĎĝȬòƕƕŚłĝĖȬƬűȬǝʏǯȬǍłƬĽȬűƕƬłďòŚȬƠƕĝďƬƘò

ìĽòťĶȬɝȬNòűȬɉǰǮǯǶȳȬ�ƕdȬǶǳǴȱȬǯǵǯɊ

.([�6)

.([�&RPS

.([�$*1

��
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



fłťĝţòƬłďɁ/ǒďłƬòƬłűťȬɉf/ǒɊȬĖłòĶƘòţ
Ɣ �ƴƬȬǍĽòƬȬòĎűƴƬȬ¼ǓƕĝȬǯȬɉ�ƘűòĖɁhłťĝɊȬ�Gtȷ

ìĽòťĶȬɝȬNòűȬɉǰǮǯǶȳȬ�ƕdȬǶǳǴȱȬǯǵǯɊ

Ɣ hűǍɁǝȬƠòţƕŚĝȬɉĎŚƴĝɊȬƘĝòďĽĝƠȬƬűȬŚűǍĝƘȬ
�GtȬŚƴţłťűƠłƬłĝƠȬĺȬĝǒƬĝťĖƠȬłťƬűȬ¯FȬ
ƘĝĶłűť

Ɣ NłĶĽɁǝȬƠòţƕŚĝȬɉƘĝĖɊȬĎłòƠĝĖȬƬűǍòƘĖȬĽłĶĽĝƘȬ
�GtȬŚƴţȬĺȬďŚĝòťĝƘȬƠĝƕòƘòƬłűť

�ƴƬȴ

ȴȬǍĝȬďòťȬƠƕŚłƬȬƬĽĝţȬĵƴƘƬĽĝƘȬƬĽòťŗƠȬƬűȬƬĽĝłƘ
ĎƘűòĖȬŚłťĝǍłĖƬĽȬłťȬNȕȵ

��
/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



f/ǒȬĖłòĶƘòţ

Ɣ ɍ�SSSɎȽNȕȬłƠȬƬĽĝȬƘòƬłűȬűĵȬƬĽĝȬťòƘƘűǍȬŚłťĝȬ
ǧƴǒĝƠȬɉďòǌĝòƬȲȬĵòƠƬƠƕĝďǦƬȬòƠƠƴţĝƠȬƠłťĶŚĝȬ
GòƴƠƠłòťȬďűţƕűťĝťƬƠȬĵűƘȬɍ�SSSɎǳǮǮǵȬƠűȬťűȬűƴƬǧűǍɊ

Ɣ ıɉɍ�SSSɎɊȬłťȬŗţȽƠ

ĺȬťűȬĖłƠƬłťďƬłűťȬĎȽǍȬ¼ǓƕĝȬǯȬǌƠȰȬ¼ǓƕĝȬǰȬ�Gt

��ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



rűĖłǦĝĖȬf/ǒȬĖłòĶƘòţ

Ɣ ɍ�SSSɎȽNȕȬłƠȬƬĽĝȬƘòƬłűȬűĵȬƬĽĝȬťòƘƘűǍȬŚłťĝȬ
ǧƴǒĝƠȬɉďòǌĝòƬȲȬĵòƠƬƠƕĝďǦƬȬòƠƠƴţĝƠȬƠłťĶŚĝȬ
GòƴƠƠłòťȬďűţƕűťĝťƬƠȬĵűƘȬɍ�SSSɎǳǮǮǵȬƠűȬťűȬűƴƬǧűǍɊ

Ɣ §ĝƕŚòďĝȬıɉɍ�SSSɎɊȬǍłƬĽȬţòǒɋıɉrĶSSȱȬNȕȱȬ
NòɊɌ

ĺȬĎĝƬƬĝƘȬǌłƠƴòŚłǝĝȬƬĽĝȬ¼ǓƕĝȬǯȬǌƠȰȬ¼ǓƕĝȬǰȬ�GtȬ
ĖłďĽűƬűţǓȬɝȬƘĝŚòƬłǌĝȬƕƘűƕűƘƬłűťƠ

��ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ



rűĖłǦĝĖȬf/ǒȬ
ĖłòĶƘòţ

¯łĖĝɁĎǓɁƠłĖĝȬďűţƕòƘłƠűť

hĝĵƬȲȬȬıɉɍ�SSSɎɊ

§łĶĽƬȲȬţòǒɋı
ɉrĶSSȱNȕȱNòɊɌ

ɍ�SSSɎȽNȕȬƘòƬłűȬłƠȬĵűƘȬƬĽĝȬ
ťòƘƘűǍȬŚłťĝƠȬűťŚǓȬɉłȰĝȰȱȬ
ĝǒďŚƴĖłťĶȬĎƘűòĖȬNȕɊ

��ɉdƴťĝòƴȬĝƬȬòŚȰȬǰǮǰǲȳȬòƘáłǌȲǰǲǮǲȰǮǱǴǰǯɊ/���k[I<k� �.<gI��IZh�Q[��QO��<j<��ÃÁÃÅ


