
²ǛƦƴġūƦ��X͆
ÀġēńŭŸŢŸļǛ�ªġöĚŊŭġƦƦ�mġǔġŢƦ�ĻŸƞ�wm

�' 3�)� -�
�1$)

�/ )/���$ )� .�������`�$

!öūĒƞŊĚļġ�wmσ!m��ϋ��yŸǔ�͇̈̆�̈̆̈̆



2XWOLQH

�� 7IXXMRK�XLI�WGIRI
�� 7]WXIQW�)RKMRIIVMRK�ERH�%-
�� 860�10
�� )\EQTPIW
�� 8EOIE[E]W

�



%PI\ERHIV�0EZMR
� 3UREDELOLVWLF�0/�DQG�KXPDQ�FHQWULF�$,�V\VWHPV

� 3UREDELOLVWLF�3URJUDPPLQJ��*3���%2

� 1RZ�
� /DWHQW�6FLHQFHV��DFTXLUHG�
� 1$6$�DL
� 6WDUWLQJ�D�QHZ�YHQWXUH�LQ�FDXVDO�$,�DQG�',

� 3UHYLRXVO\�
� 9LFDULRXV�$,��1XPHQWD
� &RUQHOO��&DUQHJLH�0HOORQ��'XNH

�����ȴ���ODYLQ�LR��#WKH$OH[/DYLQ

�



$UWLğFLDO�,QWHOOLJHQFH��V\VWHPV�WR�HQDEOH�UDWLRQDO�GHFLVLRQ�PDNLQJ�XQGHU�XQFHUWDLQWLHV�

�



$UWLğFLDO�,QWHOOLJHQFH��V\VWHPV�WR�HQDEOH�UDWLRQDO�GHFLVLRQ�PDNLQJ�XQGHU�XQFHUWDLQWLHV�

+ROLVWLF�SHUVSHFWLYH��FRPSOH[��G\QDPLF�FRPELQDWLRQV�RI�GDWD���VRIWZDUH���KDUGZDUH���KXPDQV

�



$UWLğFLDO�,QWHOOLJHQFH��V\VWHPV�WR�HQDEOH�UDWLRQDO�GHFLVLRQ�PDNLQJ�XQGHU�XQFHUWDLQWLHV�

'HFLVLRQV�,QWHOOLJHQFH��',���,I�,�WDNH�WKLV�DFWLRQ�WRGD\��ZKDW�ZLOO�EH�WKH�RXWFRPH�WRPRUURZ"

�



$UWLğFLDO�,QWHOOLJHQFH��V\VWHPV�WR�HQDEOH�UDWLRQDO�GHFLVLRQ�PDNLQJ�XQGHU�XQFHUWDLQWLHV�

3ULQFLSOHG�XQFHUWDLQW\�UHDVRQLQJ�LV�HVVHQWLDO�IRU�XVHIXO�$,�

�



2XWOLQH

�� 7IXXMRK�XLI�WGIRI
�� 7]WXIQW�)RKMRIIVMRK�ERH�%-
�� 860�10
�� )\EQTPIW
�� 8EOIE[E]W

�



0/�GHYHORSPHQW

GHSOR\HG�0/�V\VWHP

6:�UHTłV�DQG�VSHF

VKLSSHG�6:�SURGXFW

�



:KLOH�WKH�EXLOGLQJ�EORFNV�DUH�LQ�SODFH��WKH�SULQFLSOHV�IRU�SXWWLQJ�WKHVH�EORFNV�WRJHWKHU�
DUH�QRW��DQG�VR�WKH�EORFNV�DUH�FXUUHQWO\�EHLQJ�SXW�WRJHWKHU�LQ�DG�KRF�ZD\VĽ

8QIRUWXQDWHO\��ZH�DUH�QRW�YHU\�JRRG�DW�DQWLFLSDWLQJ�ZKDW� WKH�QH[W�HPHUJLQJ�VHULRXV�
ĠDZ�ZLOO�EH��:KDW�ZHłUH�PLVVLQJ�LV�DQ�HQJLQHHULQJ�GLVFLSOLQH�ZLWK�SULQFLSOHV�RI�DQDO\VLV�
DQG�GHVLJQ�ń

0LFKDHO�-RUGDQ��3URI��8&�%HUNHOH\

��



6\VWHPV�(QJLQHHULQJ�GHVFULEHV�WKH�SULQFLSOHG�SURFHVVHV�DQG�RUJDQL]DWLRQDO�IUDPHZRUNV�WKDW�
HQDEOH�WKH�FRKHVLRQ�DQG�V\QHUJ\�RI�FRPSOH[��LQWHUGHSHQGHQW�VXEV\VWHPV�

��



7HFKQRORJ\�5HDGLQHVV�/HYHOV� �75/���D�V\VWHPV�HQJLQHHULQJ�SURWRFRO�

IRU�GHHS�WHFK�DQG�VFLHQWLğF�HQGHDYRUV�DW�VFDOH��LGHDO�IRU�LQWHJUDWLQJ�

PDQ\� LQWHUGHSHQGHQW� FRPSRQHQWV� DQG� FURVV�IXQFWLRQDO� WHDPV� RI�

SHRSOH��HQVXULQJ�UREXVW��VDIH�V\VWHPV�

8IGLRSPSK]�6IEHMRIWW�0IZIPW

,QGXVWU\�SURYHQ��GHHS�WHFK�V\VWHPV�HQJLQHHULQJ��EXW�OHDQ�IRU�HIğFLHQW�

$,�	�0/�UHVHDUFK��GHYHORSPHQW��SURGXFWL]DWLRQ��DQG�GHSOR\PHQW�

2UJDQL]DWLRQDO�PHFKDQLVPV��HPSRZHULQJ�LQWHU�WHDP�FROODERUDWLRQ�DQG�

SULQFLSOHG�SURFHVVHV��GHğQHV�D�OLQJXD�IUDQFD�IRU�DOO�VWDNHKROGHUV�

(QVXUHV�UHOLDEOH��UREXVW��UHVSRQVLEOH�$,�WHFKQRORJLHV�

8IGLRSPSK]�6IEHMRIWW�0IZIPW�JSV�1EGLMRI�0IEVRMRK��860�10


��



2XWOLQH
�� 7IXXMRK�XLI�WGIRI
�� 7]WXIQW�)RKMRIIVMRK�ERH�%-
�� 860�10

E� 3ZIVEPP�TVSGIWW
F� %REXSQ]�SJ�E�PIZIP
G� /I]�GSQTSRIRXW

�� )\EQTPIW
�� 8EOIE[E]W

��



860����4VSSJ�SJ�4VMRGMTPI��4S4
�(IZIPSTQIRX

�TȬqg�¤ĚîēĿŠĚƙƙ�gĚǄĚŕƙ

$�VWDJH�IRU�JUHHQğHOG�UHVHDUFK�
860����*MVWX�4VMRGMTPIW

0RYLQJ�IURP�EDVLF�SULQFLSOHV�WR�SUDFWLFDO�XVH�
860����+SEP�SVMIRXIH�6IWIEVGL

$FWLYH�5	'�LV�LQLWLDWHG�

6RIWZDUH�LQWHJUDWLRQ�
860����7]WXIQW�(IZIPSTQIRX

'HPRQVWUDWLRQ�LQ�D�UHDO�VFHQDULR�
860����4VSSJ�SJ�'SRGITX��4S'
�(IZIPSTQIRX�

�*-/#�*($)"�%*0-)�'�+�+ -�#�.�� /�$' ��� !$)$/$*).`��*-�)*2�.  �
��
�2*-&.#*+�+- +-$)/a��-�$1a�866<`78:?=`

860����-RXIKVEXMSRW

7KH�5	'�WR�SURGXFW�KDQGRII�
860����1EGLMRI�0IEVRMRK�ƈ'ETEFMPMX]Ɖ

5REXVWLğFDWLRQ�RI�0/�PRGXOHV��VSHFLğFDOO\�

WRZDUGV�RQH�RU�PRUH�XVH�FDVHV

860����%TTPMGEXMSR�HIZIPSTQIRX

0/�LQIUDVWUXFWXUH��SURGXFW�SODWIRUP��GDWD�SLSHV��

VHFXULW\�SURWRFROV

7KH�HQG�RI�V\VWHP�GHYHORSPHQW�
860����*PMKLX�VIEH]

0RQLWRULQJ�WKH�FXUUHQW�YHUVLRQ��LPSURYLQJ�WKH�QH[W�
860����(ITPS]QIRX

��

https://arxiv.org/abs/2006.12497


�TȬqg�¤ĚîēĿŠĚƙƙ�gĚǄĚŕƙ

$�WHFKQRORJ\�UHDGLQHVV�OHYHO��75/��UHSUHVHQWV�WKH�PDWXULW\�RI�D�PRGHO�RU�DOJRULWKP��GDWD�SLSHV��
VRIWZDUH�PRGXOH��RU�FRPSRVLWLRQ�WKHUHRI�

��



5HVHDUFK��������'HYHORSPHQW��������3URGXFWL]DWLRQ��������'HSOR\PHQW

��
�6�

��
�7�

��
�8 ��
�9

��
�:

��
�;

��
�< ��
�=

��
�>

��
�?

¡ƑūūĲ�ūĲ�¡ƑĿŠČĿƎŕĚ�ȳ¡ū¡ȴ�
'ĚǄĚŕūƎŞĚŠƥ

��ƙƥîĳĚ�ĲūƑ�ĳƑĚĚŠǛĚŕē�
ƑĚƙĚîƑČĺȦ

GĿƑƙƥ�¡ƑĿŠČĿƎŕĚƙ

qūǄĿŠĳ�ĲƑūŞ�ċîƙĿČ�
ƎƑĿŠČĿƎŕĚƙ�ƥū�ƎƑîČƥĿČîŕ�
ƭƙĚȦ

HūîŕȹūƑĿĚŠƥĚē�¤ĚƙĚîƑČĺ

�ČƥĿǄĚ�¤ʁ'�Ŀƙ�ĿŠĿƥĿîƥĚēȦ
¬ūƭŠē�ƙūĲƥǅîƑĚ�ĚŠĳĿŠĚĚƑĿŠĳȦ
¬ǋƙƥĚŞƙ�'ĚǄĚŕūƎŞĚŠƥ

'ĚŞūŠƙƥƑîƥĿūŠ�ĿŠ�î�ƑĚîŕ�ƙČĚŠîƑĿūȦ

¡ƑūūĲ�ūĲ� ūŠČĚƎƥ�ȳ¡ū ȴ�
'ĚǄĚŕūƎŞĚŠƥ�

¹ĺĚ�¤ʁ'�ƥū�ƎƑūēƭČƥ�ƥƑîŠƙĿƥĿūŠȦ
qîČĺĿŠĚ�gĚîƑŠĿŠĳ�Ɂ îƎîċĿŕĿƥǋɂ

TŠƥĚĳƑîƥĿūŠƙ
¤ūċƭƙƥĿǛČîƥĿūŠ�ūĲ�qg�
ŞūēƭŕĚƙȡ�ƙƎĚČĿǛČîŕŕǋ�
ƥūǅîƑēƙ�ūŠĚ�ūƑ�ŞūƑĚ�
ƭƙĚȹČîƙĚƙ

�ƎƎŕĿČîƥĿūŠ�'ĚǄĚŕūƎŞĚŠƥ
qg� ĿŠĲƑîƙƥƑƭČƥƭƑĚȡ�
ƎƑūēƭČƥ� ƎŕîƥĲūƑŞȡ�
ēîƥî� ƎĿƎĚŕĿŠĚƙȡ�
ƙĚČƭƑĿƥǋ�ƎƑūƥūČūŕƙ

¹ĺĚ�ĚŠē�ūĲ�ƙǋƙƥĚŞ�
ēĚǄĚŕūƎŞĚŠƥȦ

GŕĿĳĺƥȹƑĚîēǋ

qūŠĿƥūƑĿŠĳ�ƥĺĚ�ČƭƑƑĚŠƥ�
ǄĚƑƙĿūŠȡ�ĿŞƎƑūǄĿŠĳ�ƥĺĚ�ŠĚǊƥȦ

'ĚƎŕūǋŞĚŠƥ

��



qūƙƥ�qg�ƎƑūŏĚČƥƙȦȦȦ

3URMHFW�VWDUWV�DW�75/���RU����GHYHORSLQJ�

ZLWK�RII�WKH�VKHOI�PRGHOV�WKDW�DUH�

ĠLJKW�SURYHQ�

3RVW�GHSOR\PHQW�OLIHF\FOH�LV�IRFXVHG�RQ�

� PRQLWRULQJ

� GHYHORSLQJ�QHZ�0/�IHDWXUHV�

�GDVKHG�OLQH�

� LQFUHPHQWDO�YHUVLRQ�LPSURYHPHQWV�

�VROLG�OLQH�

)UHTXHQWO\�LWHUDWLRQ�EHWZHHQ�75/���

�ŃLQWHJUDWLRQVń��DQG����ŃĠLJKW�UHDG\ń��

���PRUH�WHVWV�RQ�XVH�FDVH�VSHFLğF�FULWLFDO�

VFHQDULRV�DQG�GDWD�VOLFHV�

��
�:

��
�;

��
�?

��
�< ��
�=

��
�>

��
�9

��



�ČîēĚŞĿČ��T�ŕĿǄĚƙ�ĿŠ�¹¤g�ƙƭċȹǫ

��
�6�

��
�7�

��
�8 ��
�9

��
�:

~Šŕǋ�ƭŠĿǄĚƑƙĿƥĿĚƙ�îŠē�ƙĚŕĚČƥ�ĿŠēƭƙƥƑǋ�ƑĚƙĚîƑČĺ�ŕîċƙ�
ēū�ĲƭŠēîŞĚŠƥîŕ�¤ʁ'Ȧ

¡ƑūŏĚČƥƙ�îƑĚ�ƥǋƎĿČîŕŕǋ�ŞĚîŠƙ�ƥū�îŠ�ĚŠēȠ
ȹ ¡ĺ'�ƙƥƭēĿĚƙ
ȹ ¡ƭċŕĿČîƥĿūŠƙ�îŠē�ŞîǋċĚ�ƥĚČĺ�ēĚŞūƙ

TŠ�ƑĚîŕĿƥǋ�ƥĺĚƑĚɄƙ�î�ŠūŠȹƥƑĿǄĿîŕ�ŕîċȹƥūȹƎƑîČƥĿČĚ�ĳîƎȣ
ȹ �T�ƥĚČĺ�ƥƑîŠƙĲĚƑ�Ŀƙ�î�ČĺîŕŕĚŠĳĚ�ȳǧǦǊ�ŞūƑĚ�

ƥĺîŠ�¬Øȴ
ȹ 'îƥîƙĚƥƙ�îŠē�ƙūĲƥǅîƑĚ�ĲƑūŞ�¤ʁ'�îƑĚ�

ŠîƑƑūǅŕǋ�ĲūČƭƙĚē

��



�ŠîƥūŞǋ�ūĲ�î�¹¤gǪqg�ƙƥîĳĚ

5ROHV�HYROYHV�RYHU�OLIHWLPH�

� 6WDNHKROGHUV��LH�UHYLHZHUV��LQ�5	'�DUH�ODUJHO\�$,�

SHHUV��EXW�LQ�75/���FRQVLVW�RI�4$�HQJLQHHUV�DQG�30V

� 30V�WDNH�RZQHUVKLS�DIWHU�75/����EXW�5	'�PDLQWDLQV�

NH\�WRXFK�SRLQWV

;SVOMRK�KVSYT��S[RIVW��WXEOILSPHIVW

� 3UHVHQW�WKH�WHFK�GHYHORSPHQWV�DQG�WKHLU�YDOLGDWLRQV��

PDNH�NH\�GHFLVLRQV�RQ�SDWK�V��IRUZDUG��RU�EDFNZDUG���

GHEULHI�WKH�SURFHVV�

� ,QFOXVLRQ�RI�VWDNHKROGHUV�DQG�GRPDLQ�H[SHUWV�ĸ�NH\�IRU�

LQWHUGLVFLSOLQDU\�SURMHFWV

� 6WDJH�VSHFLğF�FULWHULD�DQG�UHYLHZHUV

*SVQEP�PIZIP�VIZMI[W

%ULQJLQJ�DJLOH�ZRUNĠRZV�DQG�EHVW�SUDFWLFHV�WR�0/�

'HğQHG�FRGH�TXDOLW\�SDUDGLJPV�

�� �������	��4XLFN�DQG�GLUW\��PRYLQJ�IDVW�WKURXJK�LWHUDWLRQV�RI�H[SHULPHQWV��+DFN\�FRGH�LV�RND\��DQG�IXOO�WHVW�FRYHUDJH�LV�
DFWXDOO\�GLVFRXUDJHG��DV�ORQJ�DV�WKH�RYHUDOO�FRGHEDVH�LV�RUJDQL]HG�DQG�PDLQWDLQDEOH��

�� �������6WHS�XS�LQ�UREXVWQHVV�DQG�FOHDQOLQHVV��7KLV�QHHGV�WR�EH�ZHOO�GHVLJQHG��ZHOO�DUFKLWHFWHG�IRU�GDWDĠRZ�DQG�LQWHUIDFHV��
JHQHUDOO\�FRYHUHG�E\�XQLW�DQG�LQWHJUDWLRQ�WHVWV��PHHW�WHDP�VW\OH�VWDQGDUGV��DQG�VXIğFLHQWO\�GRFXPHQWHG�

�� 463(9'8��7KLV�FRGH�ZLOO�EH�GHSOR\HG�WR�XVHUV�DQG�WKXV�QHHGV�WR�IROORZ�SUHFLVH�VSHF��KDYH�FRPSUHKHQVLYH�WHVW�FRYHUDJH��
ZHOO�GHğQHG�$3,V��HWF��

7SJX[EVI�IRKMRIIVMRK

��



-$.&���+t!�$'0- u���1�'0 

ȹ -$.&�VFRUH�IRU�HDFK�WHFK�DQG�SURGXFW�UHTXLUHPHQW
� ([SOLFLW�ULVN�PLWLJDWLRQ�VWHSV�IRU�VLP�WR�UHDO�WUDQVIHU

eĚǋ� ūŞƎūŠĚŠƥƙ�ʁ�'ĚŕĿǄĚƑîċŕĚƙ

6MWO�QEXVMGIW�
�QMXMKEXMSR�WXVEXIKMIW

� 2.5V�DQG�.3,V�FDQ�EH�GHğQHG�RQ�75/�VFDOH

� ,GHQWLI\�RSHUDWLRQDO�ERWWOHQHFNV

� 6WUDWHJLFDOO\�PLQLPL]H�0/�WHFK�GHEW

4VSGIWW�QIXVMGW�ERH�STXMQM^EXMSR

860�10�ƈ'EVHWƉ

2SR�PMRIEV��RSR�QSRSXSRMG�TEXLW

� 5	'�DQG�SURGXFW�YHUVLRQV��RYHUODS�DW�75/���

� 5HT��D�VLQJXODU�GRFXPHQWHG�SK\VLFDO�RU�

IXQFWLRQDO�QHHG�WKDW�D�SDUWLFXODU�GHVLJQ��SURGXFW��

RU�SURFHVV�DLPV�WR�VDWLVI\�

� 9HULğFDWLRQ��$UH�ZH�EXLOGLQJ�WKH�SURGXFW�ULJKW"

� 9DOLGDWLRQ��$UH�ZH�EXLOGLQJ�WKH�ULJKW�SURGXFW"

� 1HHG�WKHVH�GRFV�IRU�WKH�JDWHG�UHYLHZV

*SVQEP�VIUYMVIQIRXW�ERH�:
:

)XLMGW�TVMSVMXM^EXMSR�ERH�XVERWTEVIRG]

��

'SQTSRIRXW�RSX�MR�XLMW�TVIWIRXEXMSR��
� *XOO�HWKLFV�FKHFNOLVW
� 'DWD�UHDGLQHVV

� 6SHFLğF�GLVWLQFWLRQV�IURP�6:(

� 0/�WHVWLQJ�VXLWHV�DQG�UXEULF



ØūƑŒǜūǅƙ�ƑĚƐƭĿƑĚ�ŠūŠȹŕĿŠĚîƑȡ�ŠūŠȹŞūŠūƥūŠĿČ�Ǝîƥĺƙ

�( -.#$� /��'`�t867?u��*!/2�- ��)"$)  -$)"�!*-����#$) �
 �-)$)"a�����. ��/0�4`
��



ØūƑŒǜūǅƙ�ƑĚƐƭĿƑĚ�ŠūŠȹŕĿŠĚîƑȡ�ŠūŠȹŞūŠūƥūŠĿČ�Ǝîƥĺƙ

-XIVEXI�PIZIP�SZIV�PIZIPƏ�

;L]#�)ZSPZMRK�TISTPI��VIUYMVIQIRXW��ZEPMHEXMSRW��HEXEWIXW��SFNIGXMZIW�

��



+SSKPI�QSHIP�GEVH��SFNIGX�VIGSKRMXMSR


qg�¤ĚƎūƑƥĿŠĳ

7GMIRXMƻG�TVSHYGX�GEVH��QIHMGEP�EWWE]


 

��



¹¤g� îƑēƙ

�# �(�/0-$/4�*!� ��#�(*� '�*-��'"*-$/#(�$.�/-��& ��1$����
���-�.`��#$.�$.�����-��.0�. /�/#�/�
- !' �/.��)� 3�(+' �����'"*-$/#(��/���
�=`

7RRO�IRU�FRPPXQLFDWLQJ�$,�0/�

WHFKQRORJ\�UHDGLQHVV�DFURVV�DOO�

LQWHUQDO�VWDNHKROGHUV�

(QDEOHV�LQWHU�WHDP�DQG�

FURVV�IXQFWLRQDO�FRPPXQLFDWLRQ�

6WDQGDUGL]HG�ŃUHSRUW�FDUGVń�IRU�

75/�0/�VWDJH�UHYLHZV�

/RZHU�OHYHO�DQG�PRUH�SURFHVV�

RULHQWHG�WKDQ�RWKHU�Ń0/�FDUGVń
���H�J��*RRJOH��0LWFKHOO�HW�DO��Ł����DQG�

+XJJLQJ�)DFH�

3URPRWHV�HWKLFV�WR�ğUVW�FODVV�FLWL]HQ�

��



¹¤g� îƑēƙ

��

��.0�. /�*!���' 1 '�:���
���-��0. ��$)���( �$��'��
�+-*% �/`��*/$� �/# � /#$�.�. �/$*)_�2#$�#�- ! -.�/# �/ �(�
/*� �� �*(+�)4g.+ �$!$��  /#$�.� �# �&'$./`� ��
:�
� *+ -�/$*)�'$5 .�  /#$�.� t)*/� %0./� $)� �
_� �'.*� /# � - ' 1�)/�
!$ '�.��*(�$).� *!� 0. u� �4� - ,0$-$)"� �� !*-(�'� �# �&'$./_� �)�� (�&$)"�  /#$�.�  3+'$�$/� $)� "�/ �� - 1$ 2.� �)��
� '$1 -��' .`



2XWOLQH

�� 7IXXMRK�XLI�WGIRI
�� 7]WXIQW�)RKMRIIVMRK�ERH�%-
�� 860�10
�� )\EQTPIW
�� 8EOIE[E]W

��



 ūŞƎƭƥĚƑ�ǄĿƙĿūŠ�îƎƎ�ǅĿƥĺ�ƑĚîŕ�îŠē�ƙǋŠƥĺĚƥĿČ�ēîƥî

��



OĿēēĚŠ�ƎĚƑĲūƑŞîŠČĚ�ēĚĳƑîēîƥĿūŠ

�4./ (.��
��#�'' )" .�!*-�/#$.� 3�(+' �$/$"�/$*)�( �#�)$.(.�$)���
:�


GūČƭƙĚē�ƙƥƑĚƙƙ�ƥĚƙƥƙ

¹ƑîŠƙĿƥĿūŠĿŠĳ�ƙĿŞȹƥūȹƑĚîŕ�ĳîƎ /ǄūŕǄĿŠĳ�ĲƑūŞ�ƥĚČĺ�×ʁ×�ƥū�ƎƑūēƭČƥ�×ʁ×

 ūŞƎŕĚǊ�ĿŠƥĚƑîČƥĿŠĳ�ƙǋƙƥĚŞƙȠ�
ƙĿŞƭŕîƥĿūŠ�ĚŠĳĿŠĚȡ�ĺƭŞîŠ�ĲĚĚēċîČŒȡ�ĚƥČȦ ¹Ěƙƥƙ�ūĲ�ČūƭƑƙĚȡ�ċƭƥ�îŕƙū�ŞƭŕƥĿȹĲƭŠČƥĿūŠîŕ�ǅūƑŒĿŠĳ�ĳƑūƭƎƙ

qg�ƎĿƎĚŕĿŠĚƙ�ƥǋƎĿČîŕŕǋ�ĳƑūǅ�ūƭƥ�ūĲ�ĳŕƭĚ�ČūēĚ  ūēĚȹČîŕĿċĚƑ�ČĺĚČŒƎūĿŠƥƙȡ�ĚǊƎŕĿČĿƥ�ĿŠĲƑî�ƙƥîĳĚƙ

qƭŕƥĿƎŕĚ�îŠē�ēĿƙƎîƑîƥĚ�ēîƥî�ƙūƭƑČĚƙ ¡ƑĚƙČƑĿċĚē�ēîƥî�ǄĚƑƙĿūŠĿŠĳ�îŠē�ŞūŠĿƥūƑĿŠĳ�ƥĚƙƥƙ

��



/ǊîŞƎŕĚ�ɁƎƑūēƭČƥĿǕîƥĿūŠ�ĺîŠēūĲĲɂ

ØūƑŒĿŠĳ� ĳƑūƭƎ� ĚǄūŕǄĚƙ� ƥū� ċĚČūŞĚ� ŞūƑĚ�
ČƑūƙƙȹĲƭŠČƥĿūŠîŕ�îƙ�ƥĺĚ�ƥĚČĺ�ŞîƥƭƑĚƙȦ

¹¤g�Ǫ�ƥū�ǫȡ�ǅĚɄƑĚ�ƥƑîŠƙĿƥĿūŠĿŠĳ�ƥĺĚ�ŞūēĚŕ�ūƑ�
îŕĳūƑĿƥĺŞ� ĲƑūŞ� îŠ� ĿƙūŕîƥĚē� ƙūŕƭƥĿūŠ� ƥū� î�
ŞūēƭŕĚ�ūĲ�î�ŕîƑĳĚƑ�îƎƎŕĿČîƥĿūŠȦ

HƑîēƭîƥĿūŠ�ĲƑūŞ�ŕĚǄĚŕ�ǫ�Ŀƙ�ēĿĲǛČƭŕƥȡ�ƙĿĳŠĿĲǋĿŠĳ��
ƥĺĚ� ēĚēĿČîƥĿūŠ� ūĲ� ƑĚƙūƭƑČĚƙ� ƥū� Ǝƭƙĺ� ƥĺĚ�qg�
ƥĚČĺŠūŕūĳǋ�ƥĺƑūƭĳĺ�ƎƑūēƭČƥĿǕîƥĿūŠȦ

��
�;

��
�:

/ǊîŞƎŕĚȠ� gĚǄĚŕ� ǫ� ƑĚǄĿĚǅ� ūĲ� ƥĚČĺ� ×ʁ×�
îŠē�ŠĚǅ�ƎƑūēƭČƥ�ƑĚƐƭĿƑĚŞĚŠƥƙ�ĿēĚŠƥĿǛĚē�
ƥĺĚ� ŠĚĚē� ĲūƑ� î� ēĿĲĲĚƑĚŠƥ� ēîƥîȹūƑĿĚŠƥĚē�
îƑČĺĿƥĚČƥƭƑĚȢ� 'ūŠĚ� ĿŠ� ƥĺĚ� ƙƭċƙĚƐƭĚŠƥ�
ŕĚǄĚŕȡ�ǅĺĚƑĚ�¹¤gǪqg�îŕƑĚîēǋ�ƎƑĚƙČƑĿċĚƙ�
î�ƙūĲƥǅîƑĚ�ƑĚĲîČƥūƑĿŠĳ�ĲūƑ�ƎƑūēƭČƥĿǕîƥĿūŠȦ

sūƥĚȠ� ¹¤g� ǨȹǪ� Ŀƙ� ēƑĿǄĚŠ� ċǋ� ĲūƑŞîŕ� ƥĚČĺ�
ƑĚƐɄƙ� îŠē� ×ʁ×Ȧ� ¹¤g� ǫ� ƥƑîŠƙĿƥĿūŠƙ� ƥū�
ƎƑūēƭČƥȹēƑĿǄĚŠ�ƑĚƐɄƙ�îŠē�×ʁ×Ȧ

��
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*HQHUDWH�ORFDO�VDWHOOLWH�LPDJHV�RI�IXWXUH�FOLPDWH�
VFHQDULRV��ULJKW��
� 6WDNHKROGHUV�IURP�1$6$��*RRJOH��0,7��

12$$��3RUWXJDO�JRYłW�
� 1HHGV�WR�EH�XVDEOH�IRU�RXU�GHFLVLRQ�PDNHUV
� +RZ�FDQ�ZH�NQRZ�UHVXOWV�DUH�UHOLDEOH"

3KL6DW���LV�ğUVW�(XURSHDQ�VDWHOOLWH�ZLWK�RQERDUG�$,�
� 1HHGV�WR�LQWHJUDWH�ZLWK�VHYHUDO�YDULDWLRQV�RI�

KDUGZDUH�DQG�VHQVRUV
� 1HHGV�IXOO�WHFK�WUDQVIHU�WR�(6$
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2XWOLQH

�� 7IXXMRK�XLI�WGIRI
�� 7]WXIQW�)RKMRIIVMRK�ERH�%-
�� 860�10
�� )\EQTPIW
�� 8EOIE[E]W

��



2I\X�WXITW
� 6KDULQJ�

� -RXUQDO�SDSHU�VRRQ�ξ��Z��1YLGLD��*RRJOH�%UDLQ�DQG�&ORXG��8QLW\�$,��$SSOH��6SRWLI\��0LFURVRIW��$OOHQ�,QVW�
� �����FRQIHUHQFH�WDONV�DQG�SDSHUV��$$$,�6\PS��5HZRUN��1YLGLD�*7&��7RURQWR�0/�6XPPLW��DQG�PRUH
� �����1$6$�6FLHQFH�0LVVLRQ�'LUHFWRUDWH

� (QJDJLQJ��
� 2SHQ�VRXUFH�PDWHULDOV�WR�SXW�75/�0/�LQ�DFWLRQ��LQFOXGLQJ�HWKLFV�WHPSODWH�FKHFNOLVWV��

� ,PSURYLQJ��
� $,�PHWKRGV�IRU�6\VWHPV�$,��H�J��%2�DQG�XQFHUWDLQW\�SURSDJDWLRQ

+YMHMRK�UYIWXMSRW
�� ,V�75/�0/�V\QHUJLVWLF�ZLWK�Ń$XWR$,
ń"�+RZ�FDQ�ZH�PDNH�WKLV�H[SOLFLW�DQG�DGYDQFH�ERWK"
�� &DQ�ZH�IRUPDOL]H�6\VWHPV�$,�DQG�'HFLVLRQV�,QWHOOLJHQFH"
�� &DXVH�HIIHFW�DQDO\VLV�RI�$,�V\VWHPV"

�WR�DSSHDU�������$$$,�6\PSRVLXP�
��

��  �� $'�
�2- )� m.��0/*�
�)*/ .�# - ��)��# - `

http://inverseprobability.com/talks/notes/auto-ai.html
http://inverseprobability.com/talks/notes/deploying-machine-learning-systems-intellectual-debt-and-auto-ai.html
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0/�� �6:

6\VWHPV�DSSURDFK�WR�$,�LV�PXFK�QHHGHG�
� %H\RQG�RQH�RII�PRGHOV��$,�WHFK�LV�EXLOW�IRU�FRPSOH[��G\QDPLF�V\VWHPV��GDWD���VRIWZDUH���KDUGZDUH���KXPDQV�
� ,QGXVWU\�ODFNV�SULQFLSOHG�SURFHVVHV�IRU�UREXVW��UHOLDEOH��UHVSRQVLEOH�$,�0/
� ,QWHUGLVFLSOLQDU\�SURMHFWV�DUH�H[FHSWLRQDOO\�FKDOOHQJLQJ�

75/�0/�LV�DQ�LQGXVWU\�SURYHQ�V\VWHPV�HQJLQHHULQJ�IUDPHZRUN��GHVLJQHG�IRU�HIğFLHQW�\HW�UREXVW��UHOLDEOH��DQG�
UHVSRQVLEOH�$,�0/�UHVHDUFK��SURGXFWL]DWLRQ��DQG�GHSOR\PHQW�

75/�0/�XQLTXHO\�SURYLGHV�D�KROLVWLF�SHUVSHFWLYH��OLQJXD�IUDQFD��VWDNHKROGHU�DOLJQPHQW��PHWULFV�DQG�GHOLYHUDEOHV�

0RUH�DGRSWLRQ�LV�QHHGHG��LPSURYH�$,�SURMHFWV�DQG�WHDPV��LPSURYH�75/�0/�ZLWK�IHHGEDFN�

8EOI�LSQI�QIWWEKIW
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