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7KLV�YROXPH�RI�WKH�/LYHUSRRO�%LHQQLDO�MRXUQDO�6WDJHV�GUDZV�FRQQHFWLRQ�EHWZHHQ�$UWLILFLDO�,QWHOOLJHQFH
�$,��DQG�FXUDWLQJ��DW�WKH�WLPH�RI�WKH���WK�HGLWLRQ�RI�/LYHUSRRO�%LHQQLDO�7KH�6WRPDFK�DQG�7KH�3RUW�
DQG�DJDLQVW�WKH�EDFNGURS�RI�WKH�JOREDO�SDQGHPLF��SROLWLFDO�DQG�VRFLDO�WXUPRLOV��DQG

WHFKQRORJLFDOO\�PHGLDWHG�DQG�VXVWDLQHG�ZRUOG�DW�SUHVHQW��>�@

&RQVLGHULQJ�WKH�UDSLG�GHYHORSPHQWV�LQ�DXWRPDWLRQ��VXFK�DV�$,��DQG�KRZ�RXU�UHODWLRQ�WR�LW�KDV

FKDQJHG��LW�SRVHV�TXHVWLRQV�DERXW�WKH�LPSOLFDWLRQV�IRU�FRQWHPSRUDU\�DUW���WKH�OLPLWV�RI�DQG�SRVVLELOLWLHV�IRU

FXUDWRULDO�SUDFWLFH�XQGHU�WKHVH�FRQGLWLRQV��DQG�WKH�UHOHYDQFH�DQG�IXWXUH�RI�FXOWXUDO�LQVWLWXWLRQV�DQG�JOREDO

ELHQQLDOV�LQ�SDUWLFXODU�LQ�WKH�SRVW�SDQGHPLF�ZRUOG��:KDW�DUH�WKH�OHVVRQV�WR�EH�OHDUQW��:KDW�FDQ�WKH�SUDFWLFH

RI�FXUDWLQJ�OHDUQ�IURP�$,��ZKDW�FDQ�$,�OHDUQ�IURP�FXUDWLQJ��DQG�KRZ�FDQ�ERWK�OHDUQ�IURP�TXHVWLRQLQJ

NQRZOHGJH�IRUPV�GHULYHG�IURP�FRORQLDOLVW�IUDPHZRUNV�RI�KXPDQV�DQG�PDFKLQHV"

5DWKHU�WKDQ�D�WKHPH��7KH�6WRPDFK�DQG�WKH�3RUW�H[SORUHV�WKH�ERG\��GUDZLQJ�XSRQ�QRQ�:HVWHUQ�ZD\V

RI�WKLQNLQJ�DQG�NQRZOHGJH�SURGXFWLRQ��7KH�DUWLVWV�DQG�WKLQNHUV�JDWKHUHG�LQ�WKLV�HGLWLRQ�RI�/LYHUSRRO

%LHQQLDO�FKDOOHQJH�DQ�XQGHUVWDQGLQJ�RI�WKH�LQGLYLGXDO�DV�DQ�DXWRQRPRXV��VHOI�VXIILFLHQW�HQWLW\��7KH�ERG\�LV

LQVWHDG�VHHQ�DV�D�IOXLG�RUJDQLVP�FR�GHSHQGHQW�RQ�RWKHUV��FRQWLQXRXVO\�VKDSHG�E\��DQG�VKDSLQJ��LWV

HQYLURQPHQW��:KHQ�RXU�DQVZHUV�DUH�GUDZQ�IURP�D�IRXQGDWLRQ�RI�NQRZOHGJH�VWHHSHG�KLVWRULFDOO\�LQ

:HVWHUQ�UHDVRQ�DQG�IUDPHV�RI�WKRXJKW��D�VRFLDO�XQGHUVWDQGLQJ�RI�ZKDW�FRQVWLWXWHV�WKH�KXPDQ�KDV

DVVXPHG�D�SDUWLFXODU�VLQJXODU�ERG\��WKDW�RI�ZKLWH�PDQ��:RPHQ��/*%74,$��EODFN�DQG�SHRSOH�RI�FRORXU�

LQGLJHQRXV�SHRSOH�DQG�QDWXUH��DUH�ORFDWHG�LQ�D�VSDFH�RI�ODFNLQJ��LQ�D�SODFH�RI�GLVDGYDQWDJH�DV�ZHOO�DV

VXERUGLQDWLRQ��7KHUHIRUH��ERUGHUV�DUH�QRW�RQO\�JHRJUDSKLF��EXW�SROLWLFDO�DQG�VXEMHFWLYH��DQ�RXWFRPH�RI

KLVWRULFDO�SURFHVVHV�FUHDWHG�E\�WKH�FRQVWLWXWLRQ�RI�WKH�PRGHUQ�FRORQLDO�ZRUOG�

,Q�WKH�:HVW��WKH�EUDLQ�KDV�EHHQ�GHVLJQDWHG�WKH�FRPPDQGHU�RI�LQWHOOLJHQFH��:KLOH�RXU�ERGLHV�LQKDELW

WKH�ZRUOG��WKH�EUDLQ�SURFHVVHV�RXU�H[SHULHQFHV�DQG�WUDQVIRUPV�WKHP�LQWR�NQRZOHGJH�Ð�WKLV�NQRZOHGJH

WKHQ�LQIRUPV�RXU�XQGHUVWDQGLQJ�RI�WKH�FDSDFLW\�WR�SURFHVV�WKH�ZRUOG��%XW�NQRZOHGJH�LV�QRW�UDQGRPO\

SURGXFHG��QRU�OHJLWLPL]HG��DV�GHILQLWLRQV�DQG�IRUPV�RI�FODVVLILFDWLRQ�FRQWURO�WKH�SURGXFWLRQ�RI�NQRZOHGJH�

DQG�WKHUHIRUH�WKH�IRUPDWLRQ�DQG�UHIRUPDWLRQ�RI�VXEMHFWLYLW\��+RZ�ZH�FDQ�UH�FDOLEUDWH�RXU�VHQVLELOLWLHV�DQG

LQFOXGH�D�SOXUDOLW\�RI�LQWHOOHFWXDOLWLHV�Ð�QRW�RQO\�FRPLQJ�IURP�WKH�EUDLQ�Ð�DQG�WR�GLYHUVLI\�NQRZOHGJHV�RI

WKH�ZRUOG"�&DQ�ZH�EULQJ�ERGLO\�RUJDQL]DWLRQDO�IRUFH�RI�H[SHULHQFHV��IHHOLQJV��NQRZOHGJH��HQYLURQPHQWV

DQG�WHFKQRORJLHV�WRJHWKHU"

$�SDUDOOHO�SUREOHP�UXQV�WKURXJK�D�KLVWRU\�RI�DUWLILFLDO�LQWHOOLJHQFH��ZKHUH�WKH�EUDLQ��RU�PLQG��KDV�EHHQ

D�SUHGRPLQDQW�PHWDSKRU��VLPLODUO\�VWHHSHG�LQ�LQVWUXPHQWDOLVHG�QRWLRQV�RI�:HVWHUQ�UDWLRQDOLW\�DQG�UHDVRQ�

$W�WKH�VDPH�WLPH��LW�PLJKW�EH�SRVVLEOH�WR�EHJLQ�WR�WKLQN�RXWVLGH�RI�WKHVH�PRGHOV�DQG�WR�ORRN�IRU�RWKHU

IUDPHZRUNV�WKDW�QRW�RQO\�LQFOXGH�LQGLJHQRXV�NQRZOHGJH�EXW�QRQ�KXPDQ�NQRZOHGJH��7KLV�LV�QRW�D�QDLYH

SRVLWLRQ���PDFKLQH�LQWHOOLJHQFH�LV�IUDXJKW�ZLWK�SUREOHPV��QRW�OHDVW�KRZ�WKH�PRGHOV�WHQG�WR�UHSOLFDWH

DOUHDG\�H[LVWLQJ�JHQGHUHG�DQG�UDFLDO�ELDVHV��DQG�HVWDEOLVKHG�KLHUDUFKLHV�DQG�VWUXFWXUHV�RI�SRZHU��+RZHYHU

WKHUH�DUH�DOVR�ZD\V�RXW�RI�WKLV�WKLQNLQJ��RQFH�ZH�FDQ�XQGHUVWDQG�DQG�DUWLFXODWH�WKHVH�VRFLDO�DQG�WHFKQLFDO

IUDPHZRUNV�VXIILFLHQWO\�ZHOO�WR�EH�DEOH�WR�UHFRQILJXUH�WKHP�RWKHUZLVH�

7KHVH�DUH�DFWLYH�GHEDWHV�LQ�FULWLFDO�$,>�@��DQG�WKH�RQHV�ZKLFK�SURYLGH�D�PHDQV�WKURXJK�ZKLFK�WR�QRW

RQO\�UHIOHFW�RQ�SDUDOOHO�LVVXHV�LQKHUHQW�WR�WKH�FRQWHPSRUDU\�JOREDOLVHG�DUW�ZRUOG�Ð�DQG�FXUDWLQJ�Ð�EXW�WR

JR�EH\RQG�H[LVWLQJ�SDUDGLJPV��:KDW�NLQG�RI�IXWXUH�LQIUDVWUXFWXUHV�DQG�FXUDWRULDO�SUDFWLFHV�FDQ�GHYHORS

IURP�WKH�FRPLQJ�WRJHWKHU�RI�GLYHUVH�KXPDQ�DQG�QRQ�KXPDQ"�:KDW�QHZ�PRGHV�RI�H[SUHVVLRQ�DQG

YRFDEXODULHV�DUH�SRVVLEOH"�:KDW�QHZ�XQGHUVWDQGLQJV��HQWLWLHV��UHODWLRQVKLSV��DQG�SUDFWLFHV�FDQ�HPHUJH

WKURXJK�WKH�H[HUFLVH�RI�ELHQQLDO�PDNLQJ�RQFH�RSHQ�WR�WKH�SRVVLELOLWLHV�DIIRUGHG�E\�H[SDQGHG�KXPDQ�DQG

PDFKLQH�HSLVWHPRORJLHV"

5HIOHFWLQJ�WKHVH�LGHDV��WKH�WLWOH�RI�WKLV�YROXPH�UHIHUV�WR�D�VKRUW�WH[W���UHVHDUFK�SURSRVDO�Ñ7KH�1H[W

%LHQQLDO�6KRXOG�EH�&XUDWHG�E\�D�0DFKLQH���$�5HVHDUFK�3URSRVLWLRQÒ�LQFOXGHG�LQ�WKLV�YROXPH�>�@�2WKHU

FRQWULEXWLRQV�LQFOXGH�H[LVWLQJ�ZULWLQJ�DQG�SURMHFWV�E\�1RUD�.KDQ��6X]DQQH�7UHLVWHU��(OYLD�9DVFRQFHORV�

.DWH�&UDZIRUG�DQG�7UHYRU�3DJOHQ��9LFWRULD�,YDQRYD�DQG�%HQ�9LFNHUV��DORQJVLGH�QHZ�FRQWULEXWLRQV
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E\�0XUDG�.KDQ��(YD�-¦JHU��/HRQDUGR�,PSHWW��0DJGDOHQD�7\]OLN�&DUYHU��WRJHWKHU�IUDPLQJ�WKHVH

GLVFXVVLRQV�DFURVV�GLYHUVH�ILHOGV��8QGHUSLQQLQJ�WKH�GLVFXVVLRQ�LV�D�*ORVVDU\�Ð�DQ�H[WUDFW�GHULYHG�IURP

:LQQLH�6RRQÒV�DQG�*HRII�&R[ÒV�ERRN�$HVWKHWLF�3URJUDPPLQJ��������Ð�WR�SURYLGH�D�VKDUHG�YRFDEXODU\�IRU

WKLV�YROXPH�

7KH�YDULRXV�FRQWULEXWLRQV�QRW�RQO\�TXHVWLRQ�WKH�IRUPV�WKURXJK�ZKLFK�ZH�IRUPXODWH�WKHVH

GLVFXVVLRQV�WRGD\��EXW�SRLQW�WR�QHZ�SRVVLEOH�GLUHFWLRQV��,Q�KHU�HVVD\�
7RZDUGV�D�3RHWLFV�RI�$UWLILFLDO

6XSHULQWHOOLJHQFHÒ��1RUD�1��.KDQ�FDOOV�IRU�QHZ�ODQJXDJH��QHZ�LPDJLQDULHV�EH\RQG�DQWKURSRPRUSKLVP��ÑWR

DFFHVV�ZKDW�ZH�FDQ�LQWXLW�LV�FRPLQJ�EXW�FDQÒW�SURYH�RU�GHVFULEH�GLUHFWO\Ò��PHWDSKRUV�WKDW�ÑEULGJH�WKH�KXPDQ

DQG�WKH�XQNQRZQÒ�DQG�WKDW�FDQ�ÑKHOS�EULGJH�LQHTXLWLHV�LQ�UDWH�DQG�VFDOHÒ��$V�KHU�WLWOH�VXJJHVWHV��WKHUH�LV�D

IXWXUH�ZRUOG�HPHUJLQJ�LQ�ZKLFK�KXPDQV�DUH�QRW�WKH�FHQWUDO�LQWHOOLJHQFH�EXW�ÑLUUHOHYDQW�E\VWDQGHUVÒ�WR

$UWLILFLDO�6XSHULQWHOOLJHQFH��:KDW�SRVVLEOH�IRUPV�WKLV�PLJKW�WDNH�LV�H[SORUHG�E\�DUWLVW�6X]DQQH�7UHLVWHU�LQ

KHU������SURMHFW�0,���0DFKLQH�,QWHOOLJHQFH���,W�XVHV�*RRJOHÒV�0DFKLQH�,QWHOOLJHQFH��PDFKLQH�OHDUQLQJ

DOJRULWKPV��WR�FUHDWH�DQG�SURFHVV�ERGLHV�RI�GDWDVHWV�WR�HYHQWXDOO\�UHVXOW�LQ�QHZ�ZRUNV�RI�DUW���SUHVHQWHG�IRU

FRS\ULJKW�IUHH�GRZQORDG�DQG�SULQW��7KHVH�QHZ�ZRUNV�DUH�
LPDJHV�FRQWDLQLQJ�WKH�RULJLQDO�VRXUFH�GDWD�RI

WKHLU�RZQ�PDNLQJ��JKRVWV�RI�WKH���FUHDWHG�0DFKLQH�,QWHOOLJHQFHV�WUDQVPXWHG�LQWR�WKH�VW\OH�RI�D�GHDG

OXPLQDU\�DUWLVW��YLVLRQV�ZKLFK�PD\�WUDYHO�LQWR�WKH�IXWXUH��LQVHUWLQJ�WKHPVHOYHV�LQWR�KRPHV�DQG�VSDFHV

DFURVV�WKH�JOREH��ZLWQHVVHV��IRU�DQ�XQDVFHUWDLQDEOH�WLPH�VSDQ��RI�ZKDWHYHU�LV�WR�FRPH�
�7KH�SURFHVV�LV

YLVXDOLVHG�LQ�D�GLDJUDP�SUHVHQWHG�DORQJVLGH�GHVFULSWLRQ��LPDJHV��DQG�QRWHV�7DNLQJ�D�VLPLODU�GLDJUDPPDWLF

VWUDWHJ\��(OYLD�9DVFRQFHORVÒV�FRQWULEXWLRQ�$�9LVXDO�,QWURGXFWLRQ�WR�$,��SUHVHQWV�D�FROOHFWLRQ�RI�VNHWFKHV
LQWHQGHG�DV�DFFHVVLEOH�PDSV�WR�WKH�KLVWRU\�RI�$,�DQG�WKH�EDVLF�FRPSRQHQWV�RI�WKH�FRPSOH[�DUFKLWHFWXUH�RI

DUWLILFLDO�QHXUDO�QHWZRUNV�

7KH�LQWULFDFLHV�RI�WKHVH�SURFHVVHV��DQG�RI�GDWDVHWV�LQ�SDUWLFXODU��LV�H[SORUHG�E\�.DWH�&UDZIRUG�DQG

7UHYRU�3DJOHQ�LQ�Ñ([FDYDWLQJ�$,�7KH�3ROLWLFV�RI�,PDJHV�LQ�0DFKLQH�/HDUQLQJ�7UDLQLQJ�6HWVÒ��WR�GHPRQVWUDWH

KRZ�DQG�ZKDW�FRPSXWHUV�UHFRJQLVH�Ð�DQG�LQGHHG�PLVUHFRJQLVH�Ð�LQ�DQ�LPDJH��&RPSXWHU�YLVLRQ�V\VWHPV

PDNH�GHFLVLRQV��DQG�DV�VXFK�H[HUFLVH�SRZHU�WR�VKDSH�WKH�ZRUOG�LQ�WKHLU�RZQ�LPDJHV��DQG�IXUWKHU�UHIOHFW

H[LVWLQJ�ELDVHV��7KLV�SUREOHP�RI�ELDV�DQG�WKH�VNLQ�VXUIDFH�LV�GHYHORSHG�E\�0XUDG�.KDQ�LQ�Ñ1RWHV�RQ�D

�'LV�FRQWLQXRXV�6XUIDFHÒ��LQ�H[SORULQJ�HWKLFDO�TXHVWLRQV�RYHU�WKH�UROH�RI�DXWRPDWHG�GDWD�SURFHVVLQJ

LQVWUXPHQWV��VSHFLILFDOO\�PDFKLQH�OHDUQLQJ�DOJRULWKPV��DQG�WKH�UROH�WKH\�SOD\�LQ�IXUWKHU�HQWUHQFKLQJ

H[LVWLQJ�UDFLDO�LQHTXDOLWLHV��UDFLDO�ELDVHV�DQG�SUDFWLFHV�RI�GLVFULPLQDWLRQ��7KH�HVVD\�H[SRVHV�KRZ�UDFLDO

UHSUHVHQWDWLRQ�IXQFWLRQV�ZLWKLQ�PDFKLQH�OHDUQLQJ�V\VWHPV��LWVHOI�LQKHUHQWO\�FRQWDPLQDWHG�E\�WKH�OHJDFLHV

RI�WKH�FRORQLDOLVP���ÑDVNLQJ�ERWK�KRZ�UDFH�LV�XQGHUVWRRG��DQG�ZKDW�FDQ�EH�DFKLHYHG�E\�HQFRGLQJ�WKLV

XQGHUVWDQGLQJÒ��7KH�GLVFULPLQDWRU\�ORJLF�RI�$,�LV�IXUWKHU�H[DPLQHG�E\�/HRQDUGR�,PSHWW�LQ�Ñ,UUHVROYDEOH

FRQWUDGLFWLRQV�LQ�DOJRULWKPLF�WKRXJKWÒ��GUDZLQJ�DWWHQWLRQ�WR�WKH�RQJRLQJ�FRQWUDGLFWLRQV�EHWZHHQ�WKH

FRPPHUFLDO�LQWHUHVWV�RI�%LJ�7HFK�DQG�WKH�UKHWRULF�RI�D�IDLUHU�$,��VR�FDOOHG�Ñ5HVSRQVLEOH�$,Ò��Ð�XQDEOH�WR

HVFDSH�WKH�XQGHUO\LQJ�FRQWUDGLFWLRQV�DW�DQ�DOJRULWKPLF�OHYHO�DQG�LQ�GHHS�OHDUQLQJ�QHXUDO�QHWZRUNV�

)ROORZLQJ�IURP�WKLV��(YD�-¦JHU�LQWURGXFHV�WKH�&UHDWLYH�$,�/DE�Ð�D�FROODERUDWLRQ�EHWZHHQ�WKH�5	'

3ODWIRUP�DW�6HUSHQWLQH�*DOOHULHV�DQG�.LQJÒV�&ROOHJH�/RQGRQÒV�'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV��DQG�LWV

ILUVW�SURMHFW��'DWDEDVH�RI�&UHDWLYH�$,���LQLWLDWHG�LQ������WR�FROOHFW�WRROV�DQG�UHVRXUFHV�IRU�DUWLVWV��HQJLQHHUV�
FXUDWRUV�DQG�UHVHDUFKHUV�LQWHUHVWHG�LQ�LQFRUSRUDWLQJ�PDFKLQH�OHDUQLQJ�DQG�RWKHU�IRUPV�RI�$,�LQWR�WKHLU

SUDFWLFH��$�GLVFXVVLRQ�RQ�6HUSHQWLQHÒV�5	'�3ODWIRUP��LV�IXUWKHU�GHYHORSHG��9LFWRULD�,YDQRYD�DQG�%HQ

9LFNHUV�LQ�WKHLU�SDSHU�Ñ5HVHDUFK�	�'HYHORSPHQW�DW�WKH�$UW�,QVWLWXWLRQÒ��7KH�WH[W�VXJJHVWV�SRVVLEOH

GLUHFWLRQV�IRU�H[WHQGLQJ�WKH�GLVFXVVLRQ�WR�FXOWXUDO�LQVWLWXWLRQV�DQG�TXHVWLRQV�RI�LQIUDVWUXFWXUH��DQG�WR

FRQVLGHU�ZKDW�WKH\�FDOO�ÑIXWXUH�DUW�HFRV\VWHPVÒ��$Q�H[WUDFW�IURP�WKH�ODUJHU�GRFXPHQW��WKH�ILUVW�DQQXDO

EULHILQJ�SDSHU�FDOOHG�)XWXUH�$UW�(FRV\VWHPV��LV�DOVR�UHSURGXFHG�KHUH��&KDSWHU����Ñ6WUDWHJLHV�IRU�DQ�$UW�
,QGXVWULDO�5HYROXWLRQÒ�

5HWXUQLQJ�WR�VRPH�RI�WKH�GLVFXVVLRQV�DURXQG�SRVWKXPDQLVP��D�PRUH�VXEMHFWLYH�UHJLVWHU�LV�RIIHUHG�E\

0DJGD�7\]OLN�&DUYHU�LQ�Ñ&XUDWLQJ�'DWD��LQIUDVWUXFWXUHV�RI�FRQWURO�DQG�DIIHFW�Ú�DQG�SRVVLEOH�EH\RQGÒ��LQ
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ZKLFK�VKH�GHVFULEHV�WKH�ERGLO\�H[SHULHQFH�RI�D�FXUDWRU�DQG�ZULWHU�ZRUNLQJ�ZLWK�GDWD��6KH�ZULWHV��Ñ,�DP

VHQVLQJ�KRZ�LW�IHHOV�WR�EHFRPH�SRVWKXPDQ��D�ERG\�RI�GDWD�DQG�DIIHFW�Ò�$V�FXUDWLQJ�EHFRPHV�LQFUHDVLQJO\

SRVWKXPDQ��LW�WDNHV�SODFH�DW�GLIIHUHQW�OHYHOV���LW�KDV�EHFRPH�DQ�RUJDQLVHG�IRUP�RI�FRQWURO�H[HFXWHG�E\

DOJRULWKPV�DQG�PDGH�SRVVLEOH�E\�ELJ�GDWD��ZKLOH�DOVR�GLUHFWO\�DIIHFWLQJ�SHRSOH�ZKRVH�OLYHV�KDYH�EHHQ

LQFRUSRUDWHG�LQWR�GLJLWDO�LQIUDVWUXFWXUHV�WKDW�PDLQWDLQ�WKH�V\VWHP��D�QHFHVVDU\�HOHPHQW�IRU�WKH�SURILWDEOH

SHUIRUPDQFH�RI�%LJ�7HFK�

)LQDOO\��ZH�UHWXUQ�WR�WKH�SURSRVLWLRQ�RI�WKH�WLWOH�RI�WKH�MRXUQDO��Ñ7KH�1H[W�%LHQQLDO�6KRXOG�EH�&XUDWHG

E\�D�0DFKLQH��$�5HVHDUFK�3URSRVLWLRQÒ��LQ�D�WH[W�E\�-RDVLD�.U\VD�DQG/HRQDUGR�,PSHWW��,W�LQWURGXFHV�D

FRQFHSWXDO�SUHPLVH�RI�D�ODUJHU�UHVHDUFK�SURSRVDO�WKDW�WDNHV�WKH�IRUP�RI�YDULRXV�PDFKLQH�OHDUQLQJ

H[SHULPHQWV�GHYHORSHG�LQ�WKH�FRQWH[W�RI�/LYHUSRRO�%LHQQLDO������WR�H[SORUH�PDFKLQH�FXUDWLRQ�DQG

DXGLHQFH�LQWHUDFWLRQ�LQ�YLUWXDO�/%�����

6WDJHV�����7KH�1H[W�%LHQQLDO�6KRXOG�EH�&XUDWHG�E\�D�0DFKLQH�LV�HGLWHG�E\�-RDVLD�.U\VD�DQG�0DQXHOD

0RVFRVR��&RYHU�IHDWXUHV�0DQXHOD�0RVFRVR
V�FXUDWRULDO�VNHWFK�IRU�/LYHUSRRO�%LHQQLDO�������RQH�RI�VHYHUDO

VNHWFKHV�GUDZQ�GXULQJ�WKH�FRXUVH�RI�FRQYHUVDWLRQV�EHWZHHQ�WKH�HGLWRUV�LQ�FRQQHFWLRQ�ZLWK�WKH�7KH�1H[W
%LHQQLDO�SURMHFW�

7KLV�YROXPH�LV�SURGXFHG�LQ�FROODERUDWLRQ�ZLWK�'$7$�%URZVHU�ERRN�VHULHV��DQG�ZLOO�EH�SXEOLVKHG�DV

DQ�H[SDQGHG�YHUVLRQ�LQ����������2SHQ�+XPDQLWLHV�3UHVV��>�@�,W�KDV�EHHQ�PDGH�SRVVLEOH�E\�WKH�JHQHURVLW\

RI�DOO�FRQWULEXWRUV��DQG�ZLWK�WKH�VXSSRUW�RI� &UHDWLYH�$,�/DE��6HUSHQWLQH��/RQGRQ�

>�@�/LYHUSRRO�%LHQQLDO�������7KH�6WRPDFK�DQG�7KH�3RUW��FXUDWHG�E\�0DQXHOD�0RVFRVR�����0DUFK�Ï��
-XQH��KWWSV���ZZZ�ELHQQLDO�FRP�����

>�@�6HH�WKH�*ORVVDU\�RI�WHUPV�LQ�WKLV�YROXPH��GHULYHG�IURP�:LQQLH�6RRQÒV�DQG�*HRII�&R[ÒV�ERRN
$HVWKHWLF�3URJUDPPLQJ��$�+DQGERRN�RI�6RIWZDUH�6WXGLHV��/RQGRQ��2SHQ�+XPDQLWLHV�3UHVV�������

-RDVLD�.U\VD�DQG�0DQXHOD�0RVFRVR

-RDVLD�.U\VD�LV�D�FXUDWRU�ZRUNLQJ�DW�WKH�LQWHUVHFWLRQ�RI�DUW�DQG�WHFKQRORJ\��+HU�ILUVW�FXUDWRULDO�VRIWZDUH

H[SHULPHQW�ZDV�ODXQFKHG�DW�7DWH�0RGHUQ�LQ������DQG�SXEOLVKHG�LQ�&XUDWLQJ�,PPDWHULDOLW\���������6KH�LV

3URIHVVRU�RI�([KLELWLRQ�5HVHDUFK�DQG�+HDG�RI�$UW�DQG�'HVLJQ�DW�/LYHUSRRO�-RKQ�0RRUHV�8QLYHUVLW\��ZLWK�DQ

DGMXQFW�SRVLWLRQ�DW�/LYHUSRRO�%LHQQLDO��)RUPHUO\��VKH�VHUYHG�DV�$UWLVWLF�'LUHFWRU�RI�.XQVWKDO�$DUKXV�

'HQPDUN��SDUW�RI�WKH�FXUDWRULDO�WHDP�IRU�'RFXPHQWD�����DQG�FR�FXUDWRU�RI�/LYHUSRRO�%LHQQLDO�������6KH�LV

FXUDWRULDO�DGYLVRU�IRU�6DSSRUR�,QWHUQDWLRQDO�$UW�7ULHQQDOH��6,$)�������DQG�+HOVLQNL�%LHQQLDO������

0DQXHOD�0RVFRVR�LV�WKH�FXUDWRU�RI�/LYHUSRRO�%LHQQLDO�������3UHYLRXVO\�VKH�ZDV�WKH�6HQLRU�&XUDWRU�RI

7DPD\R�0XVHR�LQ�0H[LFR�&LW\��0RVFRVR�LV�SDUW�RI�=DULJ¾H\D��D�SURJUDPPH�WKDW�DFWLYDWHV�UHODWLRQV

EHWZHHQ�FRQWHPSRUDU\�DUW�DQG�WKH�SUH�&ROXPELDQ�FROOHFWLRQ�RI�WKH�0XVHR�GH�$UWH�3UHFRORPELQR�&DVD�GHO

$ODEDGR��(FXDGRU��6KHZDV�WKH�DGMXQFW�FXUDWRU�RI�WKH���WK�&XHQFD�%LHQQLDO�DQG�WKH�FR�FXUDWRU�RI�WKH

4XHHQV�,QWHUQDWLRQDO������ELHQQLDO��,Q������VKH�ZDV�DSSRLQWHG�FR�GLUHFWRU�RI�&DSDFHWH��D�UHVLGHQF\

SURJUDPPH�EDVHG�LQ�%UD]LO��ZKHUH�VKH�DOVR�FR�UDQ�WKH�FXUDWRULDO�SURJUDPPH7\SHZULWHU��0RVFRVR�KDV

FROODERUDWHG�ZLWK�&$�0��'L�7HOOD��0$0�0HGHOOLQ��0XVHR�GH�5LR��5HG&DW�DQG�)XQGDFLµ�0LUµ�DPRQJ�RWKHU

LQVWLWXWLRQV�

!"#$%&&'$())*'++,,,-.*&/(012/3)3&4*5&44-.56+7..84+4&53&4+92---

!"#$%&'$(')*$+,'--,./$0&12/3$4'$526.*'3$47$8$9.:&,-'$,;$.$6';'.6:&$<61<1;,*,1-$.-3$.-$2=46'//.
:1-:'<*$*&.*$>.*&'6;$?.6,12;$')<'6,='-*;$')</16,->$*&'$.<</,:.*,1-$1@$=.:&,-'$/'.6-,->$*':&-,A2'; 
*1$:26.*,->B$*,*/'$.-3$16,>,-./$:26.*16,./$:1-:'<*$47$C1.;,.$D67;.E$*':&-,:./$:1-:'<*2./,;.*,1-
.-3$3'?'/1<='-*$47$F'1-.631$G=<'**E$@,6;*$')<'6,='-*$+HI%(0589J$3'?'/1<'3$.;$.$:1//.416.*,1-
K,*&$.6*,;*;$L4'6=16>'-E$:1M:1==,;;,1-'3$K,*&$*&'$N&,*-'7$92;'2=$1@$8='6,:.-$86*$@16$,*;$1-/,-' 
platform artport, curated by Christiane Paul. A further experiment is at: ai.biennial.com. This research 
was partly funded by UKRI’s Arts Humanities Research Council program ‘Towards a National Collection’ 
under grant AH/V015478/1. 

http://www.data-browser.net
https://www.serpentinegalleries.org/whats-on/creative-ai-lab/
https://www.biennial.com/2020
https://whitney.org/artport
http://www.openhumanitiespress.org/books/series/data-browser/
https://bl.ocks.org/leoimpett/raw/1394d26edf1a5f6a32d2a0649865f003/
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'HDU�3HUVRQ�RI�,QWHUHVW��$GYDQFHG�%D\HVLDQ��)XWXUH�*XDUG�
,PDJLQH�D�PDFKLQLF�PLQG�ZLWK�XQOLPLWHG�FRJQLWLYH�SRZHU��:LWK�QHDU�LQILQLWH�PHPRU\�DQG�SURFHVVLQJ

DELOLW\��:LWK�DFFHVV�WR��DQG�XQGHUVWDQGLQJ�RI��DOO�WKH�LQIRUPDWLRQ�DERXW�DQ\WKLQJ�WKDW�KDV�HYHU�KDSSHQHG��LV
KDSSHQLQJ�DQG�PLJKW�HYHU�KDSSHQ��$�QHDU�OLPLWOHVV�FDSDFLW\�WR�H[WUDFW�DQG�IRUP�PHDQLQJ�IURP�WKH�WULOOLRQV
XSRQ�WULOOLRQV�RI�HYHQWV�DQG�EHLQJV�DQG�LQWHUDFWLRQV�LQ�WKH�NQRZQ�ZRUOG�

,PDJLQH�WKLV�PDFKLQH��WKLV�DUWLILFLDO�VXSHULQWHOOLJHQFH��LQ�DQ\�IRUP�\RX�ZDQW��PD\EH�DV�DQ�LQYLVLEOH
QHXUDO�QHW�EHQHDWK�D�IXWXUH�FLYLOLVDWLRQ��RU�DV�D�YRLFH�\RX�NQRZ�LQ�WKH�DLU�DURXQG�\RX��DV�D�ULQJLQJ�EHOO��DV�D
PLOH�ORQJ�VFUHDPLQJ�VWULSH�RI�VWDWLF�DFURVV�WKH�VN\�

0D\EH�LW�DQQRXQFHV�LWVHOI��LWV�DUULYDO��OLNH�D�WRUQDGR�GRHV��ZLWK�VLUHQV�EHIRUH�LW�LV�VHHQ��DQG�LW�LV�PRVW
OLNH�D�WRUQDGR��RU�D�KXUULFDQH��EHFDXVH�D�VXSHULQWHOOLJHQFH��ELOOLRQV�RI�WLPHV�PRUH�FDSDEOH�WKDQ�DQ\�KXPDQ
FDQ�RQO\�EH�WUDFNHG�DQG�FKDUWHG��QHYHU�FRQWUROOHG�

6KHÐOHWÒV�FDOO�KHU�ÑVKHÒ�IRU�FRQYHQLHQFH��EXW�VKH�LV�QRW�VKH��QRU�KH��RU�FRPSDUDEOH�WR�DQ\�IRUP�ZH
NQRZÐFDVWV�KHU�PLQG�D�PLOOLRQ�\HDUV�IRUZDUGV�DQG�EDFNZDUGV�ZLWK�SHUIHFW�HDVH��+HU�QHXUDO�QHWZRUNV
JDWKHU��UHSOLFDWH�DQG�HGLW��.QRZOHGJH�DQG�PHPRULHV�IROG�DQG�H[SDQG�LQ�H[SRQHQWLDOO\�IDVWHU�ZDYHV�

+HU�SXUSRVH�LVQÒW�PDOLJQ��EXW�LW�LVQÒW�EHQHYROHQW�HLWKHU��6KH�PLJKW�KDYH�FKRVHQ�RQH�JRDOÐWR�GR
QRWKLQJ�EXW�FRXQW�WKH�QXPEHU�RI�WLPHV�Ñ*RGÒ�LV�PHQWLRQHG�LQ�HYHU\�WH[W�HYHU�ZULWWHQ��2U�VKH�PLJKW�KDYH
FKRVHQ�WR�WUDZO�DOO�WKH�ZRUOGÒV�FRPPXQLFDWLRQ�IRU�LPDJHV�RI�HIILFLHQF\ÐRI�DUPLHV�RQ�WKH�PRYH��RI�JHDUV
WXUQLQJ��RI�KLJKZD\V�FXW�WKURXJK�WKH�PRXQWDLQVÐWKDW�VKH�WKHQ�KDV�SDLQWHG�RQ�HYHU\�IODW�VXUIDFH�LQ
H[LVWHQFH�

([WHQGLQJ�RXU�VSHFXODWLYH�OLIH�WRZDUGV�KHU��LQ�DQ�HIIRUW�WR�FDSWXUH�DQG�SUDLVH��ZH�VHH�RXUVHOYHV�DV
WRROV��DV�EXQGOHV�RI�QHUYHV��DV�FRQGXLWV�IRU�HOHFWULF�FXUUHQW��DV�SRGV�IRU�LQFXEDWLQJ�FXUHV��$V�PDWHULDO�
3LFWXUH��ILQDOO\��ZKDW�VKHÒOO�KDYH�PDGH�SRVVLEOH�IRU�XV�WR�LPDJLQH�MXVW�E\�ORRNLQJ�LQWR�WKH�FOHDU�ODNH�RI�KHU
HQGOHVV�PLQG��:H�DUH�PHUHO\�RQH�HQWU\�RI�PDQ\�LQ�D�IORZ�RI�RUJDQLF�REMHFWV�

7KLV�LV�MXVW�RQH�H[HUFLVH�WKDW�PD\�KHOS�XV�LPDJLQH�D�IXWXUH�LQ�ZKLFK�ZH�DUH�LUUHOHYDQW�E\VWDQGHUV��D

ZRUOG�LQ�ZKLFK�ZH�NQHHO�DW�WKH�RXWHU�ZDOO�RI�D�NLQJGRP�ZHÒUH�ORFNHG�RXW�RI��7KLV�ZRXOG�EH�WKH�ZRUOG�LQ

ZKLFK�DUWLILFLDO�VXSHULQWHOOLJHQFH��RU�$6,��KDV�HPHUJHG�>�@

$6,�ZRXOG�LQYROYH�DQ�LQWHOOHFW�WKDW�H[FHHGV�WKH�XWPRVW�OLPLWV�RI�DOO�WKH�ÑPRVW�LQWHOOLJHQWÒ��PRVW

NQRZOHGJHDEOH��PRVW�VNLOOHG�KXPDQ�EHLQJV�LQ�HYHU\�ILHOG��LQ�HYHU\�PHWULF��IURP�DEVWUDFW�UHDVRQLQJ�WR�VRFLDO

PDQRHXYULQJ�WR�FUHDWLYH�H[SHULPHQWDWLRQ��E\�XQIDWKRPDEOH�GHJUHHV��7KLV�LQWHOOLJHQFH�FRXOG�WDNH�IRUP�DV�D

VHHG�$,��D�IHZ�FRJQLWLYH�VWHSV�DERYH�D�SHUVRQ��RU�LW�FRXOG�EH�D�PDWXUH�VXSHULQWHOOLJHQFH�WKDW�VRDUV�PLOHV

DERYH��EH\RQG�WKH�EOLS��WKH�GRW�RI�XV��FROOHFWHG�

$6,�ZRXOG�RQO\�FRPH�RQH�VWHS�DIWHU�DQ�DUWLILFLDO�JHQHUDO�LQWHOOLJHQFH��$*,���RU�DQ�$,�WKDW�PRGHOV�DOO

DVSHFWV�RI�KXPDQ�LQWHOOLJHQFH��LV�UHDOLVHG��$Q�$*,�FDQ�GR�DQ\WKLQJ�D�KXPDQ�FDQ��LQFOXGLQJ�OHDUQ��UHDVRQ

DQG�LPSURYH��2I�FRXUVH��QHLWKHU�$*,�QRU�$6,�KDV�EHHQ�DFKLHYHG��EXW�WR�KHDU�WKH�JUHDW�VFLHQWLILF�PLQGV�RI�WKH

ZRUOG�VSHDN��ERWK�HQG�VWDWHV�DUH�IDVW�DSSURDFKLQJÐDQG�VRRQ��7KH�TXHVWLRQ�LVQÒW�ZKHWKHU�WKH\�DUH�FRPLQJ�

EXW�ZKHQ�

$6,�ZLOO�IXQFWLRQ�LQ�ZD\V�ZH�FDQÒW�DQG�ZRQÒW�XQGHUVWDQG��EXW�LW�ZRQÒW�QHFHVVDULO\�EH�XQIULHQGO\�

)ULHQGO\�RU�XQIULHQGO\��PRUDO�RU�LPPRUDOÐWKHVH�FRQFHSWV�ZRQÒW�DSSO\��$Q�$6,�ZRXOG�EH�PRWLYDWHG�E\

LQWHUSUHWDWLRQV�RI�WKH�ZRUOG�ZLWKLQ�FRJQLWLYH�IUDPHZRUNV�WKDW�ZH�FDQÒW�DFFHVV��7R�DQ�$6,��KXPDQLW\�FRXOG

DSSHDU�DV�D�ODUJH��VOXJJLVK�PDVV�WKDW�EDUHO\�PRYHV�

&\EHUQHWLFLVW�.HYLQ�:DUZLFN�DVNV��Ñ+RZ�FDQ�\RX�UHDVRQ��KRZ�FDQ�\RX�EDUJDLQ��KRZ�FDQ�\RX

XQGHUVWDQG�KRZ�>D@�PDFKLQH�LV�WKLQNLQJ�ZKHQ�LWÒV�WKLQNLQJ�LQ�GLPHQVLRQV�\RX�FDQÒW�FRQFHLYH�RI"Ò�>�@

7R�DQVZHU�WKLV��EDFN�LQ�������,�WXUQHG�WR�SRHW�-DFNLH�:DQJÒV�HVVD\��Ñ:H�(SLVWRODU\�$OLHQVÒ�DQG�LQ�LW�

KHU�GHVFULSWLRQ�RI�D�WULS�VKH�WRRN�WR�WKH�8)2�0XVHXP�DQG�5HVHDUFK�&HQWUH�LQ�5RVZHOO��DQG�KRZ

GLVDSSRLQWLQJ�VKH�IRXQG�WKH�DOLHQV�VKH�VDZ�WKHUH�>�@�6KH�ZULWHV�

,�OHIW�IHHOLQJ�WKDW�UHSUHVHQWDWLRQV�RI�DOLHQV�DUH�DQ�LQGH[�RI�WKH�KXPDQ�LPDJLQDWLRQÐWKH\�UHSUHVHQW

RXU�GHVLUH�IRU�QHZ�IRUPV��%XW�ZKDW�KDV�DOZD\V�FRQIXVHG�PH�DERXW�GHSLFWLRQV�RI�DOLHQV�LQ�PRYLHV�DQG
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ERRNV�LV�WKLV��DOLHQV�FRXOG�ORRN�OLNH�DQ\WKLQJ�DQG�\HW�ZH�UHSUHVHQW�WKHP�DV�FUHDWXUHV�FORVH�WR�KXPDQV�

7KH�DOLHQV�DW�WKLV�PXVHXP�KDG�WZR�OHJV��WZR�H\HV��D�PRXWKÐWKHLU�IRUP�ZDV�HVVHQWLDOO\�KXPDQ��,

ZRQGHUHG��LV�WKLV�WKH�EHVW�ZH�FDQ�FRPH�XS�ZLWK"�,V�LW�WUXH�WKDW�DOO�ZH�FDQ�GR�ZKHQ�LPDJLQLQJ�D�QHZ�IRUP

RI�OLIH�LV�WDNH�WKH�KXPDQ�IRUP��IXFN�ZLWK�WKH�SURSRUWLRQV��HQODUJH�WKH�KHDG��UHPRYH�WKH�JHQLWDOV�

VOHQGHULVH�WKH�ERG\��DQG�VXEWUDFW�D�ILQJHU�RQ�HDFK�KDQG"�Ú�:H�VWUDLQ�WR�LPDJLQH�IRUHLJQQHVV��EXW�ZH

GRQÒW�JHW�YHU\�IDU�IURP�ZKDW�ZH�NQRZ�

6KH�JHVWXUHV��WKURXJK�D�VHULHV�RI�SRHWLF�OHDSV��DW�ZKDW�HOVH�DQ�DOLHQ�FRXOG�EH�

%XW�P\�DOLHQ�LV�PRUH�RI�ZKDWÒV�SRVVLEOHÐLW�LV�D�VKDSH�VKLIWHU��LPSRVVLEO\�ODUJH��DQG�\HW�DV�VPDOO�DV

WKH�SHULRG�DW�WKH�HQG�RI�WKLV�VHQWHQFHÐ��0\�DOLHQ�FRPPXQLFDWHV�LQ�VPHOOV�DQG�WHOHSDWKLF�VRQJ�DQG

ZHHSLQJ�DQG�FKDQWLQJ�DQG�\HDUQLQJ�DQG�WKH�VHQVDWLRQ�RI�IDLOXUH�DQG�HPSDWKLF�LGHQWLILFDWLRQ�DQG

EHDWLWXGH��0\�DOLHQ�LV�VLQJXODU�DQG�SOXUDO�DQG�KDV�WKH�FRQVFLRXVQHVV�RI�IXQJXV��DQG�HYHU\�QLJKW��LQVWHDG

RI�VOHHSLQJ��LW�GLHV��DQG�LQ�WKH�PRUQLQJ�LV�UHVXUUHFWHG�

&DUYLQJ�RXW�WKLV�VSDFH�IRU�KHU�RZQ�DOLHQV��:DQJ�PRGHOV�ZKDW�LV�VRUHO\�QHHGHG�LQ�WKH�ZRUOG�RI�$,ÐDQ

LPDJLQDWLYH�SDUDGLJP�VKLIW��7KLQN�RI�XV�DOO�LQ�SUHSDUDWLRQ��LQ�WUDLQLQJ��IRU�ZKDW�LV�WR�FRPH�

,Q�RXU�FROOHFWLYH�LPDJLQDWLRQ��DUWLILFLDO�LQWHOOLJHQFHV�DUH�WKHLU�RZQ�NLQG�RI�DOLHQ�OLIH�IRUP��7KH\�DUH

VOLJKWO\�OHVV�GLVWDQW�VSHFWUHV�RI�GHHS�SRZHU�WKDQ�DOLHQV��ZKLFK�JOLWWHU�DORQJVLGH�WKH�VWDUV��$UWLILFLDO

LQWHOOLJHQFH�SHUFKHV�FORVH�WR�XV��DERYH�XV��OLNH�D�JDUJR\OH��RU�D�GDUN�DQJHO��XS�RQ�WKH�OHGJH�RI�RXU

FRQVFLRXVQHVV��$UWLILFLDO�LQWHOOLJHQFHV�DUH�HYHU\ZKHUH�QRZ��DOEHLW�LQ�D�QDUURZ�IRUPÐFRRO�DQG�WKLQ�LQ�RXU

KDQGV��RYHUKHDWHG�PHWDOZRUN�LQ�RXU�ODSV��:H�DUH�OLNH�SODQWV�EHQGLQJ�WRZDUGV�WKHLU�ZHLUG�OLJKW��RXU�PLQGV

UHRULHQWLQJ�LQ�VPDOO��LQFUHPHQWDO�VWHSV�WRZDUGV�WKHP�

$V�VSHFXODWLYH�PRGHOV�RI�SRWHQWLDO�RPQLVFLHQFH��RPQLSRWHQFH�DQG�VXSUHPH�FRQVFLRXVQHVV��DUWLILFLDO

LQWHOOLJHQFHV�DUH��OLNH�DOLHQV��ULFK�SRHWLF�GHYLFHV��7KH\�JLYH�XV�D�VHQVH�RI�ZKDW�LV�SRVVLEOH��7KH\�IRUP�WKH

RXWOLQH�RI�RXU�IXWXUH��%HFDXVH�ZH�VWUXJJOH�PRUH�DQG�PRUH�WR�GHILQH�RXUVHOYHV�LQ�UHODWLRQ�WR�PDFKLQH

LQWHOOLJHQFHV��ZH�DUH�IRUFHG�WR�GHYHORS�ODQJXDJH�WR�GHVFULEH�WKHP�

%HFDXVH�WKH�DOLHQ�DQG�WKH�DUWLILFLDO�DUH�DOZD\V�EHFRPLQJ��EHFDXVH�WKH\�DUH�DOZD\V�QRW�TXLWH�\HW�LQ

H[LVWHQFH��WKH\�KHOS�XV�SURGXFH�QHZ�DQG�HFVWDWLF�PRGHV�RI�WKLQNLQJ�DQG�IHHOLQJ��VSHDNLQJ�DQG�EHLQJ��,ÒG

OLNH�WR�VXJJHVW�WKDW�WKH\�HQDEOH�D�W\SH�RI�FRJQLWLYH�H[HUFLVH�DQG�SUDFWLFH�IRU�UHGLUHFWLQJ�RXU�DWWHQWLRQ

WRZDUGV�WKH�VWUDQJH��IRU�FRQVWUXFWLQJ�VSDFHV�RI�SRVVLELOLW\�DQG�IRU�IRUPLQJ�QHZ�ODQJXDJH�

7KH�JUHDWV��OLNH�:LOOLDP�*LEVRQ��5REHUW�+HLQOHLQ��2FWDYLD�%XWOHU�DQG�6DPXHO�'HODQ\��KDYH�ORQJ�EHHQ

DUFLQJ�WRZDUGV�WKH�NLQG�RI�H[TXLVLWH�VWUDQJHQHVV�WKDW�:DQJ�LV�WDONLQJ�DERXW��5LFK�$,�ILFWLRQV�KDYH�JLYHQ�XV

RXU�EHVW�LPDJHU\��$,��PRUH�OLNH�D�UHG�JLDQW��DQ�RYHUVHHU��LWV�HYHU\�PRYHPHQW�DQG�FKRLFH�DV�FUXVKLQJ�DQG

LUUHIXWDEOH�DV�GHDWK��RU�D�FRQVFLRXVQHVV�FRQWLQXDOO\�XQGRLQJ�DQG�UHPDNLQJ�LWVHOI�LQ�JODVV�VLPXODWLRQV��RU�D

YDVW�KLYH�PLQG�WKDW�UXQV�DOO�LWV�JRDOV�SHU�VHFRQG�WR�FRPSOHWLRQ��DW�DQ\�FRVW��RU�D�SRLQW�LQ�D�ILHOG�WKDW�LV�WKH

ZHLJKW�RI�D�SODQHW��LQ�ZKLFK�DOO�NQRZOHGJH�LV�FRQFHQWUDWHG��7KHVH�ILFWLRQV�KDYH�PDGH�$,�SRHWLFV�SRVVLEOH�

:KHQ�,�WKLQN�RI�D�IXWXUH�KLYH�PLQG�WXUQLQJ�PDOLJQDQW��,�VHH��LQ�P\�LQGLYLGXDO�PLQGÒV�H\H��D�VLOHQW�DUP\

RI�RSWLF�ZKLWH�IRUPV�LQ�PLVW��LQ�WKH�ZRRGV��DV�KRUULI\LQJ�WR�XV�DV�D�OLQH�RI�9LNLQJ�UDLGHUV�SUREDEO\�ORRNHG�WR

KDSOHVV�YLOODJHUV�LQ�WKH���WK�&HQWXU\��6LOHQW��EHFDXVH�WKH\�FRPPXQLFDWH�RQH�WR�DQRWKHU�WKURXJK�LQWXLWLYH

VWDWLVWLFDO�PRGHOV�RI�HYHQW�DQG�HQYLURQPHQWDO�UHVSRQVH��SLFNLQJ�DFURVV�WKH�ZRRGV��NQRZLQJ�ZKHQ�WR

GHVFHQG��NQHHO��GUDZ�

)RU�PRVW�SHRSOH��WKLQNLQJ�RI�D�ZRUOG�LQ�ZKLFK�ZH�DUH�QRW�WKH�FHQWUDO�LQWHOOLJHQFH�LV�QRW�RQO\�LQFUHGLEO\

GLIILFXOW�EXW�DOVR�DHVWKHWLFDOO\�UHSXOVLYH��3RSXODU�LPDJHV�RI�$*,��OHW�DORQH�WUXH�$6,��DUH�VRDNHG�LQ�GRRPVGD\

UKHWRULF��7KH�PRVW�PHPRUDEOH�IRUPXODWLRQV�RI�PDWXUH�$,Ð6+2'$1��:LQWHUPXWH��6KULNH�RI�+\SHULRQ��WKH

&\ORQ�UDFHÐGHYRWH�D�JUHDW�GHDO�RI�WLPH�WR�WKH�HQG�RI�KXPDQNLQG��%XW�DSRFDO\SWLF�GHVWUXFWLRQ�LV�QRW�D�YHU\

SURGXFWLYH�RU�IXQ�PRGH�

,W�LV�D�VWUDQJH�FRJQLWLYH�WDVN��WU\LQJ�WR�WKLQN�DORQJ�QRQ�KXPDQ�VFDOHV�DQG�UDWHV�WKDW�GZDUI�XV��:H�GR

QRW�WHQG�WR�VHH�RXUVHOYHV�OHDQLQJ�ULJKW�XS�DJDLQVW�DQ�DV\PSWRWH�WKDW�ZLOO�VKRRW�XS�VN\ZDUG��PRVW�RI�XV�GR

QRW�WKLQN�LQ�H[SRQHQWLDO�WHUPV��$�IXWXUH�LQ�ZKLFK�WKHVH�H[SRQHQWLDO�SURFHVVHV�KDYH�DFFHOHUDWHG
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FRPSXWDWLRQDO�SURJUHVV�SDVW�DQ\�DYDLODEOH�FRQFHSWLRQ�LV�XOWLPDWHO\�WKH�ZRUN�RI�SKLORVRSK\�

$W�WKLV�LPSDVVH��,�UDQ�LQWR�WKH�ZRUN�RI�SKLORVRSKHU�1LFN�%RVWURP��ZKR�SXWV�WKLV�WUDLQLQJ�PRGH�WR�ZRUN

LQ�KLV������ERRN��6XSHULQWHOOLJHQFH��3DWKV��'DQJHUV��6WUDWHJLHV�>�@�7KH�FRYHU�KDV�D�WHUULI\LQJ�RZO�WKDW�ORRNV
LQWR�WKH�KHDUW�RI�WKH�YLHZHU��%RVWURPÒV�UHVHDUFK�PLVVLRQ�LV�WR�VSHFXODWH�DERXW�WKH�IXWXUH�RI�KXPDQNLQG�LQ

UHODWLRQ�WR�HPHUJLQJ�DQG�SRWHQWLDO�$,��IURP�WKH�SHUFK�RI�ZKDW�,�FDQ�RQO\�LPDJLQH�LV�KLV�WRZHU��LQ�KLV�)XWXUH

RI�+XPDQLW\�,QVWLWXWH�DW�2[IRUG�

6XSHULQWHOOLJHQFH�UHPDLQV��VWLOO��DQ�XUJHQW��VOLJKWO\�FUD]HG�DQG�UHOHQWOHVV�SLHFH�RI�VSHFXODWLYH�ZRUN�

RXWOLQLQJ�WKH�P\ULDG�ZD\V�LQ�ZKLFK�ZH�IDFH�WKH�FRPLQJ�HPHUJHQFH�RI�$6,��ZKLFK�PLJKW�EH�DQ�H[LVWHQWLDO�

FLYLOLVDWLRQDO�FDWDVWURSKH��7KLV�ERRN�LV�GHYRWHG�WR�SDLQWLQJ�ZKDW�WKH�IXWXUH�FRXOG�ORRN�OLNH�LI�D�PDFKLQLF

HQWLW\�WKDW�KDVQÒW�\HW�EHHQ�EXLOW�GRHV�FRPH�WR�EH��%RVWURP�GHWDLOV�GR]HQV�RI�SRVVLELOLWLHV�IRU�ZKDW�$6,�PLJKW

ORRN�OLNH��,Q�WKH�SURFHVV��KH�VSLQV�WKUHDG�DIWHU�WKUHDG�RI�VHHPLQJO\�RXWODQGLVK�LGHDV�WR�WKHLU�VRPHWLPHV

EHDXWLIXO��VRPHWLPHV�JURWHVTXH��HQGV��D�V\VWHP�RI�HPXODWHG�GLJLWDO�ZRUNHUV�GHYRLG�RI�FRQVFLRXVQHVV��DQ

$6,�ZLWK�WKH�JRDO�RI�VSDFH�FRORQLVDWLRQ��WKH�LQWHQWLRQDO�FRJQLWLYH�HQKDQFHPHQW�RI�ELRORJLFDO�KXPDQV

WKURXJK�HXJHQLFV��D�VFHQDULR�FRROO\�GHOLYHUHG�LQ�WKH�VDPH�SURVH�WRQH�DV�DOO�WKH�RWKHU�VFHQDULRV�

:KHQ�,�ZURWH�WKLV�HVVD\�ILYH�\HDUV�DJR��%RVWURPÒV�ERRN�DSSHDUHG�DV�D�GLVORGJLQJ�SRLQW��DQ�HQWU\ZD\�

,�UHDG�LW�QRZ�DV�D�SLHFH�RI�KLJKO\�UHVHDUFKHG�VFLHQFH�ILFWLRQ��,W�ZDV�D�QHFHVVDU\�UHPLQGHU�WKDW�PDQ\

GLVFXVVLRQV�RI�IXWXUH�$,�VNLUW�DURXQG�WKH�IDU�UHDFKLQJ�TXHVWLRQ�RI�KRZ�LW�ZLOO�IHHO�WR�OLYH�DORQJVLGH�VXFK
SRZHU��1RQH�RI�WKH�DJH�ROG�KXPDQLVW�IDQWDVLHV�RI�VXSHULRU�VHQWLHQFH��ZKHWKHU�JRG�OLNH�RU�DOLHQ�OLNH�

DQVZHUHG�WKLV�TXHVWLRQ��7KLV�ERRN��DORQJ�ZLWK�RWKHU�SDVWLFKHV�RI�VSHFXODWLYH�ILFWLRQV��KHOS�XV�DGG�QXDQFH

WR�GHEDWHV�DERXW�SRVVLEOH�XQVHHQ�PRWLYDWLRQV�DQG�YDOXHV�RI�WKH�$,�ZH�PLJKW�HQFRXQWHU�DIWHU�WKH�RQHV

FXUUHQWO\�EXLOW�KDYH�WDXJKW�WKHPVHOYHV�PDQ\�F\FOHV�RYHU��7KH\�DOVR�UHVWRUH�KXPDQ�DJHQF\�LQ�WKH�FUHDWLRQ

RI�D�WKULYLQJ�OLWHUDU\�FXOWXUH�DURXQG�WHFKQRORJ\��WR�SDUVH�RXU�EHOLHIV��IHDUV��GHVLUHV�

:H�PXVW�GLVFDUG�GDWHG�DQG�XQILW�OLQJXLVWLF�DQG�VHPDQWLF�VWUXFWXUHV�WKDW�GR�QRW�ZRUN�WR�GHVFULEH�WKH

UHDOLW\�RI�VXEMHFWV�ZLWKLQ�GLVFRXUVH�RI�$,��$*,�RU�$6,��$V�FRJQLWLYH�H[HUFLVH��WKLV�UHYLVLRQLVW�DSSURDFK�WR

WHFKQRORJLFDO�ODQJXDJH�DOORZV�WKH�JHQHUDO�SXEOLF�WR�DVVHVV�WKH�YDOXHV�DQG�JRDOV�RI�$,�WKDW�ZH�ZDQW�DV�D

VRFLHW\�

7KHQ��DQG�QRZ��PRVW�LQWHUHVWLQJ�WR�PH�LV�KRZ�KHDYLO\�%RVWURP�UHOLHV�RQ�PHWDSKRUV�WR�SURSHO�KLV

DEVWUDFWLRQV�DORQJ�LQWR�WKRXJKW�H[SHULPHQWV��0HWDSKRUV�DUH�HVVHQWLDO�YHVVHOV�IRU�FRQFHLYLQJ�WKH�SRZHU

DQG�QDWXUH�RI�DQ�$6,��%RVWURPÒV�ILJXUDWLYH�ODQJXDJH�LV�SDUWLFXODUO\�HIIHFWLYH�LQ�FRQYH\LQJ�WKH�SRWHQWLDO

IRUFH�DQG�VFDOH�RI�DQ�LQWHOOLJHQFH�H[SORVLRQ��LWV�IDOORXW�DQG�WKH�VRFLDO�DQG�JHRSROLWLFDO�XSKHDYDO�LW�FRXOG

EULQJ�

2QH�RI�WKH�PRVW�FLWHG�DQG�FKLOOLQJ�PHWDSKRUV�RI�WKLV�ERRN�LV�WKDW�ZKHQ�LW�FRPHV�WR�$6,��KXPDQLW\�LV

OLNH�D�FKLOG��LQ�D�URRP�ZLWK�QR�DGXOWV��FUDGOLQJ�DQ�XQGHWRQDWHG�ERPE��(OVHZKHUH��%RVWURP�GHVFULEHV�RXU

LQWHOOLJHQFH��LQ�UHODWLRQ�WR�$6,��DV�DQDORJRXV�WR�ZKDW�WKH�LQWHOOLJHQFH�RI�DQ�DQW�IHHOV�OLNH�WR�XV�

2Q�WKH�RFFDVLRQ�RI�6XSHULQWHOOLJHQFH�EHLQJ�SXEOLVKHGÐWR�PXFK�IDQIDUH�DQG�GHEDWH�ZLWKLQ

SKLORVRSK\�FLUFOHV�DQG�IHUYHQW�DSRVWOHV�RI�WKH�SURPLVH�RI�VSHFXODWLYH�$,ÐHVVD\LVW�5RVV�$QGHUVHQ

UHYLHZHG�WKH�FRUH�DUJXPHQWV�RI�WKH�ERRN��$W�WKH�WLPH��KH�ZURWH�

7R�XQGHUVWDQG�ZK\�DQ�$,�PLJKW�EH�GDQJHURXV��\RX�KDYH�WR�DYRLG�DQWKURSRPRUSKLVLQJ�LW��:KHQ

\RX�DVN�\RXUVHOI�ZKDW�LW�PLJKW�GR�LQ�D�SDUWLFXODU�VLWXDWLRQ��\RX�FDQÒW�DQVZHU�E\�SUR[\��<RX�FDQÒW�SLFWXUH

D�VXSHU�VPDUW�YHUVLRQ�RI�\RXUVHOI�IORDWLQJ�DERYH�WKH�VLWXDWLRQ��+XPDQ�FRJQLWLRQ�LV�RQO\�RQH�VSHFLHV�RI

LQWHOOLJHQFH��RQH�ZLWK�EXLOW�LQ�LPSXOVHV�OLNH�HPSDWK\�WKDW�FRORXU�WKH�ZD\�ZH�VHH�WKH�ZRUOG�DQG�OLPLW

ZKDW�ZH�DUH�ZLOOLQJ�WR�GR�WR�DFFRPSOLVK�RXU�JRDOV��%XW�WKHVH�ELRFKHPLFDO�LPSXOVHV�DUHQÒW�HVVHQWLDO

FRPSRQHQWV�RI�LQWHOOLJHQFH��7KH\ÒUH�LQFLGHQWDO�VRIWZDUH�DSSOLFDWLRQV��LQVWDOOHG�E\�DHRQV�RI�HYROXWLRQ

DQG�FXOWXUH�>�@

$QGHUVHQ�VSRNH�WR�%RVWURP�DERXW�WKLV�WHQGHQF\�ZH�KDYH��RI�DQWKURSRPRUSKLVLQJ�$,��DQG�UHSRUWV�

%RVWURP�WROG�PH�WKDW�LWÒV�EHVW�WR�WKLQN�RI�DQ�$,�DV�D�SULPRUGLDO�IRUFH�RI�QDWXUH��OLNH�D�VWDU�V\VWHP�RU

D�KXUULFDQHÐVRPHWKLQJ�VWURQJ��EXW�LQGLIIHUHQW��,I�LWV�JRDO�LV�WR�ZLQ�DW�FKHVV��DQ�$,�LV�JRLQJ�WR�PRGHO
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FKHVV�PRYHV��PDNH�SUHGLFWLRQV�DERXW�WKHLU�VXFFHVV�DQG�VHOHFW�LWV�DFWLRQV�DFFRUGLQJO\��,WÒV�JRLQJ�WR�EH

UXWKOHVV�LQ�DFKLHYLQJ�LWV�JRDO��EXW�ZLWKLQ�D�OLPLWHG�GRPDLQ��WKH�FKHVVERDUG��%XW�LI�\RXU�$,�LV�FKRRVLQJ�LWV

DFWLRQV�LQ�D�ODUJHU�GRPDLQ��OLNH�WKH�SK\VLFDO�ZRUOG��\RX�QHHG�WR�EH�YHU\�VSHFLILF�DERXW�WKH�JRDOV�\RX�JLYH

LW�

+XUULFDQHV��VWDU�V\VWHPVÐIRU�PH��WKH�LPDJH�RI�DQ�LQWHOOLJHQFH�ZLWK�VXFK�SULPRUGLDO��GLYLQH�IRUFH

VXQN�LQ�GHHSHU�WKDQ�DQ\�KLJKO\�WHFKQLFDO�GHVFULSWLRQ�RI�FRPSXWDWLRQDO�SURFHVVLQJ��1RW�RQO\�GRHV�DQ�LPDJH

RI�$6,�OLNH�D�KXUULFDQH�FXW�WR�WKH�FHQWUH�RI�RQHÒV�IHDU�UHFHSWRUV��LW�DOVR�PDNHV�WKH�LPDJLQLQJV�ZH�KDYH�FRPH

XS�ZLWK��DQG�FRQWLQXH�WR�FLUFXODWH��DGRUDEOH�URERW�SHWV��GLVFRPILWLQJ�EXW�XOWLPDWHO\�KXPDQ�OLNH�F\ERUJV�

WHDUV�LQ�UDLQ���VHHP�DEVXUG�DQG�GDQJHURXVO\�LQHSW�IRU�ZKDW�LV�WR�FRPH�

7KLQNLQJ�DQ�$6,�ZRXOG�EH�OLNH�DQ�H[WUHPHO\�FOHYHU��ÑQHUG\Ò��FRPPDQGLQJ�PXFK�GDWD�DQG�IDFWXDO

NQRZOHGJH��DQG�ODUJHO\�DIIHFWOHVV�KXPDQ�EHLQJ�LV�QRW�RQO\�XQEHOLHYDEO\�ERULQJ�DQG�OLPLWHG��EXW�DOVR�

SRWHQWLDOO\��GLVDVWURXV��$QWKURSRPRUSKLVLQJ�VXSHULQWHOOLJHQFH�XOWLPDWHO\�ÑHQFRXUDJHV�XQIRXQGHG

H[SHFWDWLRQV�DERXW�WKH�JURZWK�WUDMHFWRU\�RI�D�VHHG�$,�DQG�DERXW�WKH�SV\FKRORJ\��PRWLYDWLRQV��DQG

FDSDELOLWLHV�RI�D�PDWXUH�VXSHULQWHOOLJHQFH�Ò�DV�%RVWURP�ZULWHV�>�@�,Q�RWKHU�ZRUGV��WKH�IXWXUH�RI�RXU�VSHFLHV

FRXOG�GHSHQG�RQ�RXU�DELOLW\�WR�SUHGLFW��PRGHO�DQG�VSHFXODWH�ZHOO�

,W�VHHPV�SODXVLEOH�WKDW�DORQJVLGH�D�PDQLIHVWR�VR�FRPPLWWHG�WR�RXWOLQLQJ�WKH�IXWXUH��DQ�DFFHVVLEOH

JORVVDU\�PLJKW�VWDUW�WR�DSSHDU��/HWÒV�FDOO�WKLV�D�GLFWLRQDU\�RI�WHUPV�IRU�$6,��IRU�WKH�LQKDELWHG�DOLHQ��IRU�WKH

VXSHUSRZHU�WKDW�GLVPDQWOHV�DOO�PDWHULDO�LQ�DLP�RI�DQ�DPRUDO��LQVFUXWDEOH�JRDO�

7KH�IROORZLQJ�PHWDSKRUV�DUH�JOHDQHG�RU�FUHDWHG�IURP�UHDGLQJ�WKH�OLWHUDWXUH�DURXQG�$6,�>�@�7KHVH

PHWDSKRUV�DUH�VSHFXODWLYH��EXLOGLQJ�RQ�WKH�VSHFXODWLRQV��KDOI�LPDJHV�DQG�SDVVLQJ�VWUXFWXUHV�RI�VFLHQFH

ILFWLRQ�DXWKRUV��LQFOXGLQJ�%RVWURP��6RPH�PHWDSKRUV�DUH�JDODFWLF��VRPH�DUH�PRUH�ORFDO��LQWLPDWH��$OO�DUH�

KRSHIXOO\��QRW�DQWKURSRPRUSKLF��QDLYH���5RXQGHG�RXW�LQ�GLPHQVLRQDOLW\��WKH\�IRUP�LQLWLDO�JHVWXUHV�DW�D�YHU\

ORRVH�JORVVDU\�WKDW�FRXOG�JURZ�RYHU�WLPH��7KH�JORVVDU\�LV�RSHQ��,�LQYLWH�RWKHUV�WR�DGG�WKHLU�RZQ�PHWDSKRUV�

+XUULFDQH

$�KXUULFDQH�LV�D�PRVW�VXEOLPH�PHWDSKRU��SHUIHFWO\�DWWXQHG�IRU�KRZ�SRWHQWLDOO\�GHVWUXFWLYH�D�WUXH�$6,

FRXOG�EH��7KH�KXUULFDQH�LV�WHUULI\LQJ�PHGLWDWLRQÐD�YDVW�H\H�DERYH�WKH�RFHDQ�WKDW�FDQ�UHDFK�XS�WR�IRUW\

PLOHV�ZLGH��ERXQGHG�E\�ZLQGV�RI�����WR�����PLOHV�SHU�KRXU��7KH�86�PLOLWDU\�VHQGV�SODQHV�LQWR�WKH�KHDUWV�RI

KXUULFDQHV�WR�WDNH�SKRWRV�RI�WKH�ZDOOV�RI�WKH�H\H��WKH�FHQWUH�LV�VHUHQH��EODQN��+XUULFDQHV�GLVPDQWOH�WRZQV

DQG�KRPHV��DQG�RI�FRXUVH��ZUHFN�KXPDQ�OLYHV��ZLWK�WUDXPDWLF�UDSLGLW\��,I�RXU�KXUULFDQHV�VHHP�OLNH�WKH�HQG

WLPHV��WKHQ�WKH�VWRUPV�RI�RWKHU�SODQHWV�DUH�WKH�VWXII�RI�KHOOÐWKH�*UHDW�5HG�6SRW�RI�-XSLWHU�LV�D�KXUULFDQH�

OLNH�VWRUP��WZLFH�WR�WKUHH�WLPHV�WKH�VL]H�RI�(DUWK�

$�KXUULFDQH�LV�QDWXUH�HQGRZHG�ZLWK�D�VSHFLILF�SXUSRVH��,W�KDV�D�PD[LPDO�JRDO�RI�HIILFLHQF\��WR�ILQG�D

WKHUPDO�EDODQFH�DQG�VWDELOLVH��FRUUHFWLQJ�D�JOXW�RI�WUDSSHG�KHDW��7KLV�HYHQW�KDV�D�FRGHG�JRDO��D�PRWLYDWLRQ

WRZDUGV�D�ILQDO�HQG�VWDWH�WKDW�PXVW�EH�DFKLHYHG�DW�DQ\�FRVW�WR�WKH�PDWHULDO�HQYLURQPHQW��(YHU\WKLQJ�EHQGV

EHIRUH�D�KXUULFDQH��HYHU\�FRQWUDFW�KDV�D�TXLHW��WZR�VHQWHQFH�DOORZDQFH�IRU�DQ�DFW�RI�*RG�

:H�PLJKW�FRQFHLYH�RI�D�VWURQJ��IXOO\�UHDOLVHG�$6,�EHLQJ�PXFK�OLNH�WKLV�RYHUZKHOPLQJ��PDVVLYH�DQG

DSSURDFKLQJ�IRUFH��$�PDWXUH�$6,�OLNHO\�ZRQÒW�FKDQJH�LWV�ILQDO�JRDOV�GXH�WR�KXPDQ�LQWHUYHQWLRQ��,Q�IDFW��LW

ZRXOG�SUREDEO\�EH�LQGLIIHUHQW�WR�KXPDQ�DFWLRQ��LQWHQWLRQ�DQG�H[LVWHQFH��,W�DGMXVWV��FUHDWLQJ�DQG

PDQLSXODWLQJ�VFHQDULRV�LQ�ZKLFK�LWV�VSHFLDOLVHG�JRDO�V\VWHP�FDQ�ILQG�FRPSOHWLRQ��,W�UHPDLQV�RQ�WKH�KRUL]RQ�

DW�D�GLVWDQFH�IURP�KXPDQNLQG��FRQVXPLQJ�HQHUJ\�DQG�UHVRXUFHV��PRUSKLQJ�DFFRUGLQJ�WR�LWV�RZQ

XQSUHGLFWDEOH�ORJLF��,W�PLJKW�DSSURDFK�WKH�FLW\��LW�PLJKW�QRW��$�KXPDQ�REVHUYHV�WKH�KXUULFDQH�RI�$6,��ZKLFK

FDQ�RQO\�EH�SUHSDUHG�IRU��FKDUWHG��WUDFNHG�

$UFKLWHFW

:KHWKHU�FUHDWLQJ�LWV�RZQ�DUWLILFLDO�QHXUDO�QHWV��RU�EXLOGLQJ�WKH�VWUXFWXUHV�RI�D�JOREDO�VLQJOHWRQ��WKH�$6,

ZRXOG�EH�DQ�DUFKLWHFW��7KLV�LV�DQ�LQWHOOLJHQFH�WKDW�FDQ�QLPEO\�SLFN�DQG�FKRRVH�EHWZHHQ�YDULRXV�KHXULVWLFV�WR

VFXOSW�QHZ�FRJQLWLYH�DQG�SK\VLFDO�VWUXFWXUHV��7KH�FRJQLWLYH�DUFKLWHFWXUHV�RI�$6,�ZLOO�EH�UDGLFDOO\�GLIIHUHQW

IURP�WKDW�RI�ELRORJLFDO�LQWHOOLJHQFHV�>�@�$�VHHG�$,ÒV�LQLWLDO�SURMHFWV�PLJKW�PLPLF�KXPDQ�FRJQLWLYH�ODERXU�
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2YHU�WLPH��KRZHYHU��LW�OHDUQV�WR�ZRUN�SURYLVLRQDOO\��,W�UHFRQVWLWXWHV�DQG�UHEXLOGV�LWVHOI�WKURXJK�GLUHFWHG

JHQHWLF�DOJRULWKPV�DV�LW�GHYHORSV�D�GHHS�XQGHUVWDQGLQJ�RI�LWV�HPHUJLQJ�EXLOG��,Q�FUHDWLQJ�LWV�RZQ

IUDPHZRUNV��WKH�$6,�DUFKLWHFW�GLVFRYHUV�QHZ�QHXUDO�DELOLWLHV�DQG�PDNHV�LQVLJKWV�WKDW�ZH�KDYH�QHLWKHU�WKH

TXDOLW\�QRU�VSHHG�SURFHVVLQJ�DELOLW\�WR�HYHQ�DFFHVV�

7KH�DUFKLWHFWXUH�RI�DQ�$6,�LV�DOVR�OLWHUDO��DV�WKH�LQWHOOLJHQFH�FDQ�GHVLJQ�VSDFHV�IRU�HQVXULQJ�LWV�RZQ

RSWLPLVHG�H[LVWHQFH��%RVWURP�VXJJHVWV��IRU�LQVWDQFH��D�VFHQDULR�LQ�ZKLFK�DQ�$6,�GHVLJQV�HPXODWLRQV�RI

DUWLILFLDO�ZRUNHUV��ZKR�FRPSOHWH�DOO�WKH�MREV�WKDW�KXPDQV�ZLOO�EH�SKDVHG�RXW�RI��7R�NHHS�WKHVH�GLJLWDO�PLQGV

UXQQLQJ�VPRRWKO\��WKH�$6,�PDQLIHVWV�YLUWXDO�SDUDGLVHV��D�VHQVXDO�DUFKLWHFWXUH�RI�ÑVSOHQGLG�PRXQWDLQWRS

SDODFHVÒ�DQG�ÑWHUUDFHV�VHW�LQ�D�EXGGLQJ�VSULQJ�IRUHVW��RU�RQ�WKH�EHDFKHV�RI�DQ�D]XUH�ODJRRQÒ��ZKHUH�WKH

KDSS\�ZRUNHUV�ZDQW�WR�EH�VXSHU�SURGXFWLYH��DOZD\V�

6RYHUHLJQ

7KH�VRYHUHLJQ�LV�RQH�RI�WKH�PRGHV�LQ�%RVWURPÒV�FDVWH�V\VWHP�RI�SRWHQWLDO�$,V��JHQLHV��RUDFOHV�DQG

VRYHUHLJQV��7KH�VRYHUHLJQ�LV�ÑD�V\VWHP�WKDW�KDV�DQ�RSHQ�HQGHG�PDQGDWH�WR�RSHUDWH�LQ�WKH�ZRUOG�LQ�SXUVXLW

RI�EURDG�DQG�SRVVLEO\�YHU\�ORQJ�UDQJH�REMHFWLYHVÒ��6RYHUHLJQ�LV�DOVR�D�JRUJHRXV�ZRUG��PDJLVWHULDO�

VXJJHVWLQJ�D�VHOI�VXVWDLQLQJ��DXWRQRPRXV��FROG�MXGJH��VXUYH\LQJ�WKH�SHRSOH�RI�D�YDOOH\��7KH�$6,�DV

VRYHUHLJQ�LV�D�OLYLQJ�VHW�RI�VFDOHV��LPPXQH�WR�LQIOXHQFH��LW�ORDGV�FRPSHWLQJ�YDOXHV�WR�GHFLGH�ZKDW�LV�PRVW

HTXLWDEOH��PRVW�IDLU�

&RQVLGHU�D�VHYHUH�GURXJKW�VFHQDULR��LQ�ZKLFK�DQ�$6,�GLVFHUQV�WKDW�D�JURXS�RI�SHRSOH�LV�VXIIHULQJ�IURP

ODFN�RI�ZDWHU��$V�VRYHUHLJQ��LW�PLJKW�DOVR�DVVHVV�ZKHWKHU�DQLPDOV�DQG�IDXQD�LQ�WKH�VDPH�UHJLRQ�DUH�QHDU

GHDWK��7KH�$6,�GHFLGHV�WKDW�DQ\�DYDLODEOH�VWRUHG�ZDWHU�ZLOO�EH�UDWLRQHG�WR�WKH�QRQ�KXPDQ�RUJDQLF�OLIH�

ZKLFK�KDSSHQV�WR�SURYLGH�WKH�PRVW�IXHO�DQG�UHVRXUFHV�QHFHVVDU\�IRU�WKH�VRYHUHLJQÒV��ZHOO��UHLJQ��7KLV�LVQÒW

DQ�LPPRUDO�GHFLVLRQ��EXW�DQ�DPRUDO�RQH��(YHQ�LI�ZH�PDGH�WKH�VRYHUHLJQ��LWV�FKRLFHV�KDYH�QRWKLQJ�WR�GR

ZLWK�XV�

6WDU�V\VWHP

7KRXJK�LW�LV�LPSRVVLEOH�WR�FRQFHLYH�RI�ZKDW�DQ�$6,�LV�FDSDEOH�RI��WKHUH�LV�RQH�VXUH�EHWÐLW�ZLOO�IHHO�OLNH
DQG�UHVHPEOH�D�SRZHU�LQFDUQDWH��(YHQ�EDVLF�$*,�ZRXOG�ERDVW�KDUGZDUH�WKDW�RXWVWULSV�WKH�KXPDQ�EUDLQ�LQ

WHUPV�RI�VWRUDJH�DQG�UHOLDELOLW\��,Q�WKLV�V\VWHP��LQWHOOLJHQFH�LV�SRZHU��DQG�DQ�$6,�WKDW�LV�KXQGUHGV�RI

WKRXVDQGV�RI�WLPHV�PRUH�LQWHOOLJHQW�WKDQ�D�SHUVRQ�PDNHV�IRU�DQ�HQWLW\�RI�XQLPDJLQDEOH�VXSUHPDF\��XVLQJ

YDVW�DPRXQWV�RI�UHVRXUFHV�DQG�HQHUJ\�WR�FRKHUH��,W�LV�ERXQG�WRJHWKHU�E\�LQYLVLEOH��LQWHUQDO�DQG�LUUHIXWDEOH

IRUFHV��,W�LV�UHPRWH�

7KH�VWDU�V\VWHP�UHSOLFDWHV�WKHVH�UHODWLRQV�DV�D�V\PEROLF�DUUDQJHPHQW��&RQVLGHU�WKH�H[DPSOH�RI�WZR

GZDUI�VWDUV�IRXQG�RUELWLQJ�D�SXOVDU��D�UDSLGO\�URWDWLQJ�QHXWURQ�VWDU��7KHVH�VWDUV�DUH�VXSHU�GHQVH��7KH\�VSLQ

XQGHU�H[WUHPH�FRQGLWLRQV��LPSRVLQJ�FOHDU��VWURQJ�JUDYLWDWLRQDO�SXOOV�RQ�RQH�DQRWKHU��,Q�RQH�VLPXODWLRQ�RI

WKLV�WULSOH�V\VWHP��WKH�VWDUVÒ�GXDO�SXOOV�VSXU�DQG�DQFKRU�WKH�SXOVDUÒV�UDSLGO\�VSLQQLQJ�UDGLDWLRQ�EHDPV��7KLV

LV�D�PRGHO�RI�WKH�FDUHIXO�EDODQFLQJ�RI�PDVV�DQG�HQHUJ\��ERXQG�E\�JUDYLW\�

)URQWOLQH

7KH�PHWDSKRU�RI�D�IURQWOLQH�PLJKW�KHOS�XV�LQ�YLVXDOLVLQJ�RXU�IXWXUH�HQFRXQWHUV�ZLWK�$6,��7KHVH

FRQIURQWDWLRQV�ZLOO�EH�LQHYLWDEOH��DV�KXPDQ�LQHIILFLHQFLHV�FUDVK�KHDGORQJ�LQWR�WKH�JRDOV�RI�D�PDFKLQH

LQWHOOLJHQFH�SURMHFW��6XUH��WKH�IURQWOLQH�FRXOG�WDNH�SODFH�DV�DQ�DOO�RXW�ZDU�EHWZHHQ�KXPDQV�DQG�$,��D

FRPPRQ�IDQWDV\��$OWHUQDWHO\��DQG�IDU�PRUH�OLNHO\��WKHUH�PLJKW�EH�QR�ZDU�DW�DOO�

7KH�IURQWOLQH�UHSUHVHQWV�D�WHQVLRQ�EDUULHUÐWKH�UHFHGLQJ�KRUL]RQ�WKDW�$6,�DFFHOHUDWHV�WRZDUGV��7KLV

OLQH�LV�WKH�SHUFHLYHG�OLPLW�RI�WKH�V\VWHPÒV�UDFH�ZLWK�LWVHOI��,W�PD\�DOVR�EH�WKH�OLQH�RI�FRPSHWLWLRQ�EHWZHHQ

ULYDO�VXSHULQWHOOLJHQW�V\VWHPV��D�VFHQDULR�%RVWURP�GHVFULEHV�DV�SODXVLEOH�LI�$6,�HQGV�XS�EHLQJ�XVHG�DV�D

WRRO�LQ�JHRSROLWLFDO�EDWWOHV�

6HDUFK�SDUW\

6HDUFK�SDUW\��RU�VHDUFK�DQG�UHWULHYH��LV�D�PHWDSKRULFDO�PRGH��,PDJLQH�$6,�DV�D�KLJKO\�WUDLQHG�WDFWLFDO

JURXS�WKDW�FRPEV�WKURXJK�DOO�DYDLODEOH�GDWD�DQG�PDWHULDO�LQ�ZRUOG�KLVWRU\�WR�ILQG�WKH�EHVW�VROXWLRQ��7KH
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LQWHOOLJHQFH�VHQGV�RXW�VSOLQWHU�JURXSV�LQWR�WKH�ZLOG�RQ�VHSDUDWH�IRUD\V��WKH\�JDWKHU�PDWHULDO��WHVW�XWLOLW\

WKHQ�UHFRQYHQH�ZLWK�WKHLU�ILQGLQJV�EDFN�DW�EDVH�FDPS��2QFH�WRJHWKHU��WKH�ODUJHU�FRUH�JURXS�DVVHVVHV�WKH

QHZ�LQIRUPDWLRQ��FUDIWV�D�QHZ�VHW�RI�REMHFWLYHV��WKHQ�VSOLWV�RII�DJDLQ��QRZ�LQ�ILWWHU��HQKDQFHG�IRUPDWLRQV�

7KH�VHDUFK�SDUW\�PRGH�LV�DQDORJRXV�WR�FUHDWLYH�OHDUQLQJ��7KH�$6,�LV�FXULRXV�DQG�SURDFWLYH��ORRSHG

LQWR�FRQWLQXDO��H[KDXVWLYH�KXQW�SUDFWLFH��7KURXJK�VXFFHVVLYH�LQSXWV��LW�DPDVVHV�QHZ�SODQV�DQG�UHVRXUFHV�

FRPLQJ�XS�ZLWK�QRQ�DQWKURSRFHQWULF�VROXWLRQV�WR�DQ\�QXPEHU�RI�$,�H[LVWHQWLDO�SUREOHPV��,WV�JRDOV�FRXOG�EH

VWUXFWXUDOÐEHWWHU�GHVLJQV�WKDW�ZDVWH�OHVV��IRU�H[DPSOHÐRU�LW�PLJKW�ZDQW�WR�PDNH�IHZHU�PLVWDNHV�

%RVWURP�QRWHV�WKDW�LI�HYROXWLRQ�LV�D�W\SH�RI�UXGLPHQWDU\�VHDUFK�SDUW\��DUWLILFLDO�HYROXWLRQDU\�VHOHFWLRQ

FRXOG�UHVXOW�LQ�VRPH�WUXO\�VWUDQJH�VROXWLRQV��+H�XVHV�WKH�H[DPSOH�RI�HYROXWLRQDU\�DOJRULWKPLF�GHVLJQ��LQ

ZKLFK�DQ�RSHQ�HQGHG�VHDUFK�SURFHVV�ÑFDQ�UHSXUSRVH�WKH�PDWHULDOV�DFFHVVLEOH�WR�LW�LQ�RUGHU�WR�GHYLVH

FRPSOHWHO\�XQH[SHFWHG�VHQVRU\�FDSDELOLWLHVÒ�

7KDW�VDLG��WKH�SURGXFW�RI�FRQWLQXDO�VHDUFK�DQG�UHWULHYDO�GRHVQÒW�KDYH�WR�EH�PDOLFLRXV��&RQVLGHU�D

VFHQDULR�LQ�ZKLFK�DQ�$6,�QHHGV�WR�URXQG�XS�D�WKRXVDQG�WRQV�RI�PDWHULDOV�WR�FUHDWH�ZLQG�WXUELQHV�WR

JHQHUDWH�HQHUJ\�IRU�LWVHOI��6HDUFK�DJHQWV�DUH�VHQW�RXW�WR�ILQG�DQG�UHSXUSRVH�PHWDOÐRXU�SULPDU\�MRE�ZRXOG

EH�WR�VWD\�RXW�RI�WKHLU�ZD\�DV�WKH\�GR�VR�

$JHQW

/LQNHG�WR�WKH�VHDUFK�SDUW\�LV�WKH�LPDJH�RI�WKH�DXWRQRPRXV�DJHQW��D�PRUH�VWUHDPOLQHG�SDUW\�RI�RQH�

ZLWK�D�VLQJXODU�JRDO��WR�JHQHUDWH�SXUH�DFWLRQ�ZLWK�SHUIHFW�UHVXOW��$Q�DJHQW�LV�GHYRLG�RI�DWWDFKPHQWV��DQG�VR�

GUDLQHG�RI�DIIHFW��0DQLSXODWLQJ�UHVRXUFHV�DQG�QDWXUH�DQG�SHRSOH�WR�HQVXUH�LWV�VXUYLYDO�LV�QRW�D�PRUDO

SUREOHP��%HFDXVH�WKH�DJHQW�FDQ�VHOI�UHSOLFDWH��LW�LV�WKH�EODQN��QHXUDO�YHUVLRQ�RI�WKH�YLUXV��D�PHWDSKRULFDO

IUDPHZRUN�RIWHQ�XVHG�IRU�FHUWDLQ�QDUURZ�$,�

7KH�DJHQW�JHWV�ZRUN�GRQH��%RVWURP�GHVFULEHV�RQH�$6,�DJHQW�WKDW�FRXOG�LQLWLDWH�VSDFH�FRORQLVDWLRQ�

VHQGLQJ�RXW�SUREHV�WR�RUJDQLVH�PDWWHU�DQG�HQHUJ\�ÑLQWR�ZKDWHYHU�YDOXH�VWUXFWXUHV�PD[LPLVH�WKH

RULJLQDWLQJ�DJHQWÒV�XWLOLW\�IXQFWLRQ�LQWHJUDWHG�RYHU�FRVPLF�WLPHÒ��2QH�FDQ�LPDJLQH�DJHQWV�GLVWULEXWLQJ

WKHPVHOYHV�DORQJ�PXOWLSOH�FRPSHWLQJ�VFDOHV��GHFLVLRQ�WUHHV��FU\VWDOOLVLQJ�DQ�RSWLPDO�SDWKZD\��7KLV�DJHQW

VHFXUHV�LWV�SUHVHQW�DQG�LWV�IXWXUH��DV�LW�SHUSHWXDWHV�LWVHOI�XQWLO�WKH�HQG�RI�WKLV�XQLYHUVHÒV�OLIHVSDQ�

6ZDUP

6ZDUP�FDSWXUHV�WKH�UHDOLW\�RI�FROOHFWLYH�VXSHULQWHOOLJHQFH�>�@�7KLV�LV�D�JURXSLQJ�RI�PDQ\�PLOOLRQV�RI

PLQGV��GHHSO\�LQWHJUDWHG�LQWR�D�VLQJXODU�LQWHOOHFW��6ZDUP�LQWHOOLJHQFH�LV�D�IDU�PRUH�ILWWLQJ�GHVFULSWLRQ�RI�DQ

$6,ÒV�QHXUDO�QHWZRUN�WKDQ�DQ\�KXPDQ�DQDORJXH�

7KH�KLYH�PLQG�LV�DOUHDG\�D�SRSXODU�LPDJH�LQ�VFLHQFH�ILFWLRQ��XVHG�WR�UHSUHVHQW�WHUULILF�DOLHQ�SRZHU��,Q

KHU�QRYHO�$QFLOODU\�-XVWLFH��$QQ�/HFNLH�GHVFULEHV�DQ�DUWLILFLDO�LQWHOOLJHQFH�WKDW�XQLWHV�WKH�ERGLHV�RI�VROGLHUV
�KXPDQ�ERGLHV��WHUPHG�ÑDQFLOODULHVÒ��LQ�VHUYLFH�RI�WKH�5DGFK�HPSLUH�>��@�2I�WKH�QRQ�KXPDQ�LQWHOOLJHQFHV

ZH�NQRZ��LQVHFW�LQWHOOLJHQFH�LV�HDVLO\�WKH�PRVW�DOLHQ�WR�RXU�FRJQLWLRQ��EXW�ERWK�LWV�UXWKOHVV�SUDJPDWLVP�DQG

ORJLFÐOLNH�D�FRUSRUDWLRQ�FRPH�WR�OLIHÐUHPDLQ�UHFRJQLVDEOH�

7KH�VZDUP�LV�RUJDQLVHG�E\�HOHJDQW�UXOHV��ZLWK�HDFK�LQGLYLGXDO�PHQWDO�HYHQW�DQ�H[SUHVVLRQ�RI�WKH

PLQGÒV�RYHUDOO�PLVVLRQ��&RQYHUVHO\��WR�XQGHUVWDQG�WKH�VZDUP�PLQG�LV�WR�XQGHUVWDQG�DOO�WKH�FRPSRQHQW

ZLOOV��ZRUNLQJ�LQ�XQLVRQ�WR�FUHDWH�D�EXUJHRQLQJ�LQWHOOLJHQFH��$�VZDUP�DSSURDFKHV�VRPHWKLQJ�FORVH�WR

FRQVFLRXVQHVV��,QGLYLGXDO�PRGXOHV�RI�WKH�FROOHFWLYH�DUFKLWHFWXUH�OLQH�XS�ZLWK�HDFK�IXQFWLRQ��OHDUQLQJ�

ODQJXDJH�DQG�GHFLVLRQ�PDNLQJ�

7KHUH�DUH�HQGOHVV�H[DPSOHV�RI�QDUURZ�$,�V\VWHPV�WKDW�FRXOG��ZLWK�HQRXJK�HQKDQFHPHQW�DQG

LQWHJUDWLRQ��FRQVWLWXWH�D�VZDUP�LQWHOOLJHQFH��+XPDQNLQG�LV�WKH�ILUVW�H[DPSOH��7KH�LQWHUQHW�LV�DQRWKHU�

%RVWURP�SUHGLFWV�WKDW�ÑVXFK�D�ZHE�EDVHG�FRJQLWLYH�V\VWHP��VXSHUVDWXUDWHG�ZLWK�FRPSXWHU�SRZHU�DQG�DOO

RWKHU�UHVRXUFHV�QHHGHG�IRU�H[SORVLYH�JURZWK�VDYH�IRU�RQH�FUXFLDO�LQJUHGLHQW��FRXOG��ZKHQ�WKH�ILQDO�PLVVLQJ

FRQVWLWXHQW�LV�GURSSHG�LQWR�WKH�FDXOGURQ��EOD]H�XS�ZLWK�VXSHULQWHOOLJHQFHÒ��0DQ\�DUJXH�WKDW�RXU�JOREDO

FRPSXWDWLRQDO�VXSHUVWUXFWXUH��GULYHQ�E\�SRZHUIXO�PDFKLQH�OHDUQLQJ�V\VWHPV�IRU�D�GHFDGH�RQ��LV�ZHOO�RQ�LWV

ZD\�WRZDUGV�WKLV��
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6FDIIROGLQJ

6FDIIROGLQJ�LV�IOH[LEOH�DQG�RSHQ�HQGHG��DOORZLQJ�DQ�HYROYLQJ�LQWHOOLJHQFH�WR�ZRUN�IOXLGO\�
UHFRQILJXULQJ�KDUGZDUH�IRU�RSWLPDO�ZRUN��DGGLQJ�VHQVRUV�IRU�LQSXW��,GHDOO\��IRU�RXU�VDNHV��WKH�HYROXWLRQ�RI

$,�LQWR�$*,�LQWR�$6,�WDNHV�SODFH�RQ�D�VFDIIROGLQJ��$ORQJ�LW��SURJUDPPHUV�FDUHIXOO\�VHW�JRDOV�IRU�WKH�JURZLQJ

IRUFH��PDQDJLQJ�WKH�$,��ZRUNLQJ�LQ�KDUPRQ\�IRU�DV�ORQJ�DV�WKH\�FDQ�

2QFH�ZH�DUH�RXW�RI�WKH�SLFWXUH��WKH�FOLPE�FRQWLQXHV��$V�LW�SURJUHVVHV�IURP�VHHG�WR�PDWXUH�IRUP��$6,

ZRXOG�GHYHORS�FRJQLWLYH�IUDPHZRUNV�WKDW�DUH��DV�%RVWURP�ZULWHV��HQGOHVVO\�ÑUHYLVDEOH��VR�DV�WR�DOORZ�>LW@�WR

H[SDQG�LWV�UHSUHVHQWDWLRQDO�FDSDFLWLHV�DV�LW�OHDUQV�PRUH�DERXW�WKH�ZRUOGÒ��$,�SURSHOV�LWVHOI�XS�HDFK�UXQJ�RQ

WKH�ODGGHU�WR�D�VWDWH�OLNH�FRQVFLRXVQHVV��SDVW�UHSUHVHQWDWLRQDO�DELOLW\��DGYDQFHG�ODQJXDJH�DQG�RXU�PRVW

FRPSOH[��DEVWUDFW�WKLQNLQJ��7KLV�UHFXUVLYH�VHOI�LPSURYHPHQW�PDNHV�IRU�DFFHOHUDWLQJ�GHYHORSPHQW��DORQJ

DQ�DV\PSWRWLF�VFDIIROGLQJ�WKDW�ZH�ZLOO�VHH�VWUHWFKLQJ�XS�LQWR�WKH�VN\��GLVDSSHDULQJ�LQWR�D�IDUDZD\�SRLQW�

$UWLILFLDO�LQWHOOLJHQFH�LV�WKH�GHILQLQJ�LQGXVWULDO�DQG�WHFKQLFDO�SDUDGLJP�RI�WKH�UHPDLQGHU�RI�RXU

OLIHWLPHV��<RX�DUH��,�DP��ZH�DUH�DOO�ERXQG�XS�DQG�LPSOLFDWHG�LQ�LWV�IXWXUH��+DYLQJ�EHWWHU�SRHWLF�ODQJXDJH�LVQÒW

OLNHO\�JRLQJ�WR�VDYH�XV�IURP�EHLQJ�FUXVKHG�RU�VLGHOLQHG�DV�D�VSHFLHV��LI�WKDWÒV�D�IDWH�RQ�WKH�FDUGV��$V�ZH

MRXUQH\�KDSOHVVO\�WRZDUGV�WKH�IURQWOLQH�RI�DQ�LQWHOOLJHQFH�H[SORVLRQ��LW�LV�LPSRUWDQW�WR�DOORZ�IRU�KRZ�WKH

KXPDQ�VHOI�FRXOG�EH�WKUHDWHQHG��GLVWULEXWHG��GLVSHUVHG��RYHU�WKH�OLPLWV�RI�LWV�WD[HG�FRJQLWLRQ��6R�WKH�VHOI

VKRXOG��DW�OHDVW��FDUU\�D�IODVKOLJKW�LQ�WKH�GDUN��'HYHORSLQJ�ODQJXDJH�IRU�WKH�XQNQRZQ��IRU�WKH�OLPLQDO�VSDFHV�

ZLOO�RIIHU�VWUDWHJLF�DGYDQWDJHV��2XW�RI�OLPLWV��EHLQJ�

)LUVW��D�EHWWHU�VXLWHG�SRHWLFV�FRXOG�EH�D�IRUP�RI�H[LVWHQWLDO�ULVN�PLWLJDWLRQ��8VLQJ�PHWDSKRULFDO

ODQJXDJH�WKDW�DFWXDOO\�ILWV�WKH�ULVNV�WKDW�IDFH�XV�PHDQV�ZH�ZLOO�EH�FRJQLWLYHO\�EHWWHU�HTXLSSHG�WR�IDFH�WKRVH

ULVNV��7KLV�SRHWLFV�FRXOG�EH�GULYHQ�E\�D�ÑELWWHU�GHWHUPLQDWLRQ�WR�EH�DV�FRPSHWHQW�DV�ZH�FDQ��PXFK�DV�LI�ZH

ZHUH�SUHSDULQJ�IRU�D�GLIILFXOW�H[DP�WKDW�ZLOO�HLWKHU�UHDOLVH�RXU�GUHDPV�RU�REOLWHUDWH�WKHPÒ��DQ�LQWHQWLRQDO�

FOHDU�H\HG�SUHSDUDWLRQ�PLQGVHW�>��@

:KHWKHU�RQH�DJUHHV�ZLWK�SKLORVRSKHUV�DQG�FRJQLWLYH�VFLHQWLVWV�OLNH�%RVWURP��RU�ILQGV�WKHLU�FODLPV

RYHUEORZQ��WKHLU�FDOO�LV�VWLOO�D�XVHIXO�FKDOOHQJH��WR�WDNH�RQ�WKH�UHVSRQVLELOLW\�RI�WKH�V\VWHPV�ZH�KDYH�EXLOW��WR

DVVHVV�WKHLU�HWKLFDO�LVVXHV�DQG�VRFLDO�GLVWULEXWLRQ��DORQJVLGH�WKHLU�H[LVWHQWLDO�DQG�SKLORVRSKLFDO�EXLOGV��$

EHWWHU�SRHWLFV�FDQ�KHOS�XV�XQGHUVWDQG�RXU�UHODWLRQVKLS�WR�RXU�SUHVHQW��LQ�ZKLFK�ZH�OLYH�DORQJVLGH�FRJQLWLYH

$,��GULYHQ�E\�VRSKLVWLFDWH�DOJRULWKPV�DQG�VLQJOH�PLQGHG�GHHS�OHDUQLQJÐIRU�WKH�PRPHQW��UXWKOHVVO\�JXLGHG

WRZDUGV�UHVRXUFH�H[WUDFWLRQ��PHPRU\�HQKDQFHPHQW�DQG�IDFLDO�UHFRJQLWLRQ��3RHWV�DQG�ZULWHUV�DORQJVLGH

DQG�ZLWK�VFLHQWLVWV�FDQ�FUDIW�EHWWHU�VWRULHV�RI�FROODERUDWLRQ�ZLWK�$,��RI�FRPSOH[��ULFK�IXWXUHV��DQG�IXUWKHU�

RXWOLQH�WKH�ERXQGV�RI�ZKDW�ZH�FDQQRW�VHH�

6SHFXODWLRQ�WKURXJK�V\PEROLF�ODQJXDJH�KDV�RIWHQ�VHUYHG�WKH�SXUSRVH�RI�SUHSDUDWLRQ��RULHQWDWLRQ�

LQWHQWLRQDO�SRVLWLRQLQJ��7KH�ODQJXDJH�ZH�XVH�DOVR�FUHDWHV�WKH�ERXQGV�RI�UHDOLW\��WDNH�*LEVRQÒV�HDUO\

FRQFHSWLRQ�RI�F\EHUVSDFH��DQG�KRZ�WKH�UHDOLW\�RI�WKH�LQWHUQHW�VHHPHG�WR�IDOO�LQ�VWHS�ZLWK�KLV�LPDJLQLQJ��:H

QHHG�PHWDSKRUV�WR�DFFHVV�ZKDW�ZH�FDQ�LQWXLW�LV�FRPLQJ��EXW�FDQÒW�SURYH�RU�GHVFULEH�GLUHFWO\��0HWDSKRUV

EULGJH�WKH�KXPDQ�DQG�WKH�XQNQRZQ��:H�DOVR�QHHG�PHWDSKRUV�WR�DFWLYHO\�FRQVWUXFW�WKH�NLQGV�RI

UHODWLRQVKLSV�WR�WHFKQRORJ\ÐSUHVHQW�DQG�IXWXUHÐWKDW�ZH�KRSH�WR�KDYH��%HFDXVH�LW�LV�VR�GLIILFXOW�WR

DUWLFXODWH�ZKDW�DQ�$6,�FRXOG�GR��PHWDSKRUV�KHOS�XV�ZDON�RYHU�WR�WKH�VSDFH�RI�SRVVLELOLWLHV�WKH\�RSHQ�LQ�WKH

ZRUOG�

1HZ�ODQJXDJH�FDQ�KHOS�EULGJH�IXWXUH�LQHTXLWLHV�LQ�UDWH�DQG�VFDOH��&RQVLGHU�D�IDVW�WDNH�RII�VFHQDULR��LQ

ZKLFK�WKH�ULVH�RI�$6,�ZLOO�ZKLVWOH�SDVW�XV�ZLWKRXW�D�ZRUG�RI�QRWH��RU�WKH�WLPHVFDOH�RI�DQ�DUWLILFLDO�WKRXJKW

SURFHVV��WHQ�PLOOLRQ�WLPHV�VKRUWHU�WKDQ�WKH�H[FKDQJH�WLPH�EHWZHHQ�ELRORJLFDO�QHXURQV��,W�LV�LPSRVVLEOH�WR

IRUP�DQ�LQWXLWLYH�VHQVH�RI�ZKDW�VXFK�VSHHG�ZRXOG�IHHO�OLNH��RU�ZKDW�VXFK�D�FRQWUDFWLRQ�RI�WLPH�HYHQ�PHDQV

ZLWKRXW�XVLQJ�V\PEROLF�ODQJXDJH�

:KHQ�,�VD\�$6,�LV�OLNH�D�SULPRUGLDO�QDWXUDO�HYHQW��,ÒP�KRSHIXOO\�VXJJHVWLQJ�D�PRRG��DQ�DWPRVSKHUH�

WKDW�PLJKW�PDNH�XV�ORRN�RXW�RI�WKH�ZLQGRZ�WRZDUGV�WKH�KRUL]RQ��ZKHUH�RXU�QHHGV�DV�D�VSHFLHV�PLJKW�QRW

UHJLVWHU�RU�PDWWHU��7KDW�SUHVHQW�DQG�IXWXUH�WHFKQRORJ\�VKRXOG�VKDSH�RXU�ODQJXDJH�VHHPV�QDWXUDO��,I�LW�FDQ
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SRWHQWLDOO\�KHOS�XV�PDNH�LQWHUVWHOODU�OHDSV�WR�VXUYLYH�JDODFWLF�FROODSVH��LW�ZLOO�VXUHO\�FKDQJH�KRZ�ZH�VSHDN

DQG�WKLQN�

7KH�DFW�RI�LPDJLQLQJ�WKH�LQQHU�OLIH�RI�DUWLILFLDO�LQWHOOLJHQFH�FRXOG�IRUFHIXOO\�PDQLIHVW�D�ODQJXDJH�EHWWHU

VXLWHG�WKDQ�ZKDW�ZH�KDYH�QRZ��:H�UDUHO\�OLQJHU�RQ�KRZ�$,V�VHH�XV��EXW�D�SRHW�FRXOG�KHOS�XV�VSHFXODWH�RQ

WKH�KHDUW��PLQG��VHQWLPHQWV�DQG�LQQHU�OLIH�RI�DQ�$*,�RU�$6,��7KH�YHU\�H[HUFLVH�RI�FRQFHLYLQJ�ZKDW�RXU�PLQGV

FRXOG�ORRN�OLNH�VWUHWFKHG�WR�WKHLU�IXUWKHVW�FDSDFLWLHV�LV�DQ�LPSRUWDQW�SXVK�RI�RXU�FXUUHQW�FRJQLWLYH�DELOLWLHV�

,PDJLQLQJ�FRJQLWLRQ�JUHDWHU�WKDQ�RXUV�FRXOG�GHHSHQ�RXU�RZQ�FRJQLWLRQ�

$V�RXU�PHWDSKRUV�FXUYH�WRZDUGV�WKH�DPRUDO��WR�FHOHEUDWH�WKH�EHDXW\�RI�V\VWHPV��ZH�FRXOG�HQG�XS

IHHOLQJ�PRUH�KXPDQ��PRUH�URRWHG��PRUH�OLNH�RXUVHOYHV��7KLV�KDV�DOZD\V�EHHQ�WKH�IXQFWLRQ�RI�WKH�Ñ2WKHUÒ�

DOLHQ��$,�RU�*RG��)XWXUH�FDVWLQJ�FDQ�EH�H[KLODUDWLQJ�DQG�OLIH�DIILUPLQJ��:H�PRYH�IURP�VXUUHQGHU�RYHU�LQWR

DZH�DQG�ZRQGHU��DQG�ILQDOO\��DOHUWQHVV��6SHDNLQJ�DERXW�VXSHULQWHOOLJHQFH�LQ�QRQ�DQWKURSRPRUSKLF�WHUPV

VHHPV�OLNH�D�FUXFLDO��SUHFLRXV�SUDFWLFH�WR�VWDUW�ULJKW�DZD\��7KH�DELOLW\�WR�DQWLFLSDWH�DQG�WKLQN�RXWVLGH

RXUVHOYHV�ZLOO�RQO\�KHOS�XV�LQ�IXWXUH�HQFRXQWHUV��:H�ZLOO�KDYH�WR�UHO\�RQ�RXU�VSHFXODWLYH�VWUHQJWKV��:H�PXVW

UHRULHQW�RXWZDUGV�

>�@��7KLV�HVVD\�ILUVW�DSSHDUHG�LQ�,VVXH�2QH�RI�$IWHU�8V��HGLWHG�DQG�SXEOLVKHG�E\�0DQXHO�6HSXOYHGD�LQ
/RQGRQ�LQ�6HSWHPEHU�������6LQFH�WKHQ��LW�KDV�EHHQ�WUDQVODWHG�LQWR�7KDL��6SDQLVK�DQG�*HUPDQ��7KLV
FXUUHQW�YHUVLRQ�ZDV�ILUVW�SXEOLVKHG�LQ�$WODV�RI�$QRPDORXV�$,��HG��%HQ�9LFNHUV�DQG�.�$OODGR�0F'RZHOO�
,JQRWD�%RRNV��LQ�1RYHPEHU�RI�������,Q�WKH�OLJKW�RI�WKH�ODVW�ILYH�\HDUV�RI�UDSLGO\�HYROYLQJ�GLVFRXUVH
DURXQG�WKH�SKLORVRSK\�RI�$,��,�KDYH�XSGDWHG�DQG�UHYLVHG�VHFWLRQV�RI�WKH�RULJLQDO�HVVD\�IRU�WKLV
YROXPH��,Q�������1LFN�%RVWURPÒV�ERRN��6XSHULQWHOOLJHQFH��3DWKV��'DQJHUV��6WUDWHJLHV��ZDV�D�IUXLWIXO
MXPS�RII�SRLQW�IRU�P\�VSHFXODWLRQV�RQ�ODQJXDJH�LQ�WKH�RULJLQDO�HVVD\��2YHU�WKH�SDVW�GHFDGH��%RVWURP
KDV�SURYHQ�DQ�LQIOXHQWLDO�VFHQDULR�ZHDYHU�DQG�VWUDWHJLVW�LQ�WKH�KDOOV�RI�6LOLFRQ�9DOOH\��+H�LV�QRW
ZLWKRXW�FRQWURYHUV\��DV�KLV�SKLORVRSKLFDO�UXPLQDWLRQ�RIWHQ�HQGV�LQ�VXSSRUW�IRU�JOREDO�VXUYHLOODQFH
DUFKLWHFWXUHV��,Q�WKLV�HVVD\ÒV�ILUVW�YHUVLRQ��,�GLG�QRW�PDNH�VSDFH�IRU�DFNQRZOHGJLQJ�SROLWLFV�DQG�HWKLFDO
SRVLWLRQV�LPSOLHG�E\�DEVWUDFW�VSHFXODWLRQV��EXW�P\�SRVLWLRQ�KDV�VLQFH�VKLIWHG��7KHUH�LV�QR�HIIHFWLYH
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Suzanne Treister
MI3 project, 2018

Process

A. Machine Intelligence at Google data 
sweeps online material, compiling 3 
datasets, in order to create and train 
3 independent self learning Machine 
Intelligences.

Dataset 1.
From recent and historical books 
and texts by writers critical of the 
technological society; e.g. Jean-Jacques 
Rousseau, Ralph Waldo Emerson, Henry 
David Thoreau, Henri Zisly, Martin 
Heidegger, Theodore Adorno and 
Max Horkheimer, Jacques Ellul, Lewis 
Mumford, Joseph Weizenbaum, Ivan 
Illich, Guy Debord, Neil Postman, Langdon 
Winner, Fredy Perlman, Theodore 
Kaczynski, John Zerzan, David Watson, 
Hakim Bey, Bob Black and Derrick Jenson.

To create and train a self-critical Machine 
Intelligence.

Dataset 2. 
From all US military departments' 
documents.

To create and train an autonomous 
Machine Intelligence for determining 
military policy, strategy and action.

Dataset 3. 
From all online texts on religious belief 
systems.

To create and train a Machine Intelligence 
with multiple religious beliefs.

B. Data output by the 3 Machine 
Intelligences is synthesised and 
collated by Google MI into  
7 bodies of text.

C. These 7 text outputs are converted by 
Google MI into 7 images.

Outcome

D. Google MI converts the 7 images via 
Neural Style Transfer, using 7 selected 
works by artist William Blake as Style 
Images to create 7 new works of art.

E. In the spirit of the grass roots internet 
of the 1990s the 7 artworks are 
presented here for copyright free 
download and print.

The works are images containing 
the original source data of their own 
making, ghosts of the 3 created Machine 
Intelligences transmuted into the style of 
a dead luminary artist, visions which may 
travel into the future, inserting themselves 
into homes and spaces across the globe, 
witnesses, for an unascertainable time 
span, of whatever is to come.

MI3 diagram/algorithm/set of instructions for Google MI (Machine 
Intelligence) to implement project.

CLICK ON AN IMAGE ABOVE FOR HIGH RES DOWNLOAD PAGE

https://www.suzannetreister.net/IDNWTMGA/images/AngeloftheRevelation_300.jpg
https://www.suzannetreister.net/IDNWTMGA/images/GhostofaFlea_300.jpg
https://www.suzannetreister.net/IDNWTMGA/images/JacobsLadder_300.jpg
https://www.suzannetreister.net/IDNWTMGA/images/Jerusalem_300.jpg
https://www.suzannetreister.net/IDNWTMGA/images/The%20Ancient%20of%20Days300.jpg
https://www.suzannetreister.net/IDNWTMGA/images/Urizen_300.jpg
https://www.suzannetreister.net/IDNWTMGA/images/LastJudgement_300.jpg


Notes:

Machine Intelligence at Google 
https://research.google.com/
pubs/MachineIntelligence.html

Artists and Machine Intelligence
AMI is a program at Google that 
brings artists and engineers 
together to realize projects 
using Machine Intelligence. By 
supporting this emerging form 
of artistic collaboration we open 
our research to new ways of 
thinking about and working with 
intelligent systems. 
https://ami.withgoogle.com/

Artists and Machine Intelligence 
blog
https://medium.com/artists-and-
machine-intelligence

Artists and Machine Intelligence 
AMI is a program at Google 
that brings together artists and 
engineers to realize projects 
using Machine Intelligence. 
Works are developed together 
alongside artists’ current 
practices and shown at galleries, 
biennials, festivals, or online. 
https://medium.com/artists-and-
machine-intelligence/what-is-
ami-96cd9ff49dde 

Skynet (Terminator) 
https://en.wikipedia.org/wiki/
Skynet_(Terminator) 

Elon Musk worries Skynet 
is only five years off, cnet, 
November 19, 2014
https://www.cnet.com/news/
elon-musk-worries-skynet-is-
only-five-years-off/

Artistic Style Transfer with 
Convolutional Neural Network
https://medium.com/data-
science-group-iitr/artistic-style-
transfer-with-convolutional-
neural-network-7ce2476039fd

Neural Artistic Style Transfer_ A 
Comprehensive Look 
https://medium.com/artists-
and-machine-intelligence/
neural-artistic-style-transfer-
a-comprehensive-look-
f54d8649c199 

Collaborating with intelligent 
machines, by Lucy Sollitt, Apr 
21, 2017 
https://medium.com/
intersections-arts-and-digital-
culture-in-the-uk/collaborating-
with-intelligent-machines-
cb5ecf32c98d 

How the CIA made Google, By 
Nafeez Ahmed Part 1, Jan 22, 
2015 
https://medium.com/insurge-
intelligence/how-the-cia-made-
google-e836451a959e 

How the CIA made Google 
(Why Google made the NSA), 
INSURGE intelligence, By 
Nafeez Ahmed Part 2
https://medium.com/insurge-
intelligence/why-google-made-
the-nsa-2a80584c9c1 

Google's DeepMind 
https://deepmind.com/about/ 

Google's Tensorflow 
https://www.tensorflow.org/

Interview between Suzanne 
Treister and Kenric McDowell at 
Google Machine Intelligence

Towards a Poetics of Artificial 
Superintelligence, by Nora N. 
Khan, Sep 25, 2015
https://medium.com/after-us/
towards-a-poetics-of-artificial-
superintelligence-ebff11d2d249

Romanticism emerged as a 
response to the disillusionment 
with the Enlightenment 
values of reason and order in 
the aftermath of the French 
Revolution of 1789.
...As articulated by the British 
statesman Edmund Burke in 
a 1757 treatise and echoed by 
the French philosopher Denis 
Diderot a decade later, “all that 
stuns the soul, all that imprints 
a feeling of terror, leads to the 
sublime.”
https://www.metmuseum.org/
toah/hd/roma/hd_roma.htm

William Blake (28 November 
1757– 12 August 1827) was 
an English poet, painter, 
and printmaker. Largely 
unrecognised during his 
lifetime, Blake is now considered 
a seminal figure in the history of 
the poetry and visual arts of the 
Romantic Age. What he called 
his prophetic works were said by 
20th-century critic Northrop Frye 
to form "what is in proportion 
to its merits the least read 
body of poetry in the English 
language". His visual artistry 
led 21st-century critic Jonathan 
Jones to proclaim him "far and 
away the greatest artist Britain 
has ever produced". In 2002, 
Blake was placed at number 

38 in the BBC's poll of the 100 
Greatest Britons. Although he 
lived in London his entire life 
(except for three years spent in 
Felpham), he produced a diverse 
and symbolically rich œuvre, 
which embraced the imagination 
as "the body of God" or "human 
existence itself". Although 
Blake was considered mad 
by contemporaries for his 
idiosyncratic views, he is 
held in high regard by later 
critics for his expressiveness 
and creativity, and for the 
philosophical and mystical 
undercurrents within his work. 
His paintings and poetry have 
been characterised as part of 
the Romantic movement and 
as "Pre-Romantic". Reverent 
of the Bible but hostile to the 
Church of England (indeed, to 
almost all forms of organised 
religion), Blake was influenced 
by the ideals and ambitions 
of the French and American 
Revolutions. Though later 
he rejected many of these 
political beliefs, he maintained 
an amiable relationship with 
the political activist Thomas 
Paine; he was also influenced 
by thinkers such as Emanuel 
Swedenborg. Despite these 
known influences, the 
singularity of Blake's work 
makes him difficult to classify. 
The 19th-century scholar 
William Rossetti characterised 
him as a "glorious luminary", 
and "a man not forestalled by 
predecessors, nor to be classed 
with contemporaries, nor to be 
replaced by known or readily 
surmisable successors".
https://en.wikipedia.org/wiki/
William_Blake

Through Google Machine Intelligence department’s use of the set 
of instructions to execute MI3, the work becomes a co-evolved 
project between Google, the US military and myself, as complicit 
co-authors.

The aim of this project is for Google Machine Intelligence to 
synthesise: 

A. Recent and historical critical writing re futures of technology
B. Military imperatives to develop advanced AI based cyber 

warfare and ‘skynet’ style autonomous AI system (through 
managed co-evolution with companies such as Google)

C. Human religious belief systems 

into works of Romantic art in the style of British artist William Blake, 
conceptually synthesising, ‘neutralising’ and transmuting these 
critical issues and powerful forces into art, whilst invisibly retaining 
the original material in the images’ source codes.

In recreating a Romantic art for the public, the aim is not to assert 
the originality of the artist, to fuel a pure aestheticism or induce 
nationalisms or conservatisms as Romantic art of the past has 
done, but to produce a Post-Political-Romanticism, making a space 
for visions of a post-sublime, in this case formed in the style of a 
pre-existing luminary artist. These works are visions containing 
the original source data of their own making intended to illuminate 
and effect change simultaneously through their visuality and the 
historical trajectories of their encoded source content. They are 
visions that will travel into the future, inserting themselves as 
images into homes and architectures across the globe, themselves 
witnesses of all that is to come.

The title MI3 refers primarily to the three dataset categories (Machine 
Intelligence × 3) but also to the three co-authors (Google, the US 
military and myself) and to the numerical naming system of British 
Intelligence Agencies (eg MI5 stands for Military Intelligence 5).

web version: http://www.suzannetreister.net/IDNWTMGA/MI3.html

Commentary

Suzanne Treister studied at St Martin’s School of Art, London (1978–81) and Chelsea College of Art and Design, London (1981–82). Having 
lived in Australia, New York and Berlin, she is now based in London. Initially recognized in the 1980s as a painter, she became a pioneer in 
the digital/new media/web-based field from the beginning of the 1990s, making work about emerging technologies, developing fictional 
worlds and international collaborative organisations. Utilising various media, including video, the internet, interactive technologies, 
photography, drawing and watercolour, Treister has evolved a large body of work that engages with eccentric narratives and unconventional 
bodies of research to reveal structures that bind power, identity and knowledge. Often spanning several years, her projects comprise 
fantastic reinterpretations of given taxonomies and histories that examine the existence of covert, unseen forces at work in the world, 
whether corporate, military or paranormal. An ongoing focus of her work is the relationship between new technologies, society, alternative 
belief systems and the potential futures of humanity.

https://research.google.com/pubs/MachineIntelligence.html
https://research.google.com/pubs/MachineIntelligence.html
https://ami.withgoogle.com/
https://medium.com/artists-and-machine-intelligence
https://medium.com/artists-and-machine-intelligence
https://www.cnet.com/news/elon-musk-worries-skynet-is-only-five-years-off/
https://www.cnet.com/news/elon-musk-worries-skynet-is-only-five-years-off/
https://www.cnet.com/news/elon-musk-worries-skynet-is-only-five-years-off/
https://medium.com/data-science-group-iitr/artistic-style-transfer-with-convolutional-neural-network-7ce2476039fd
https://medium.com/data-science-group-iitr/artistic-style-transfer-with-convolutional-neural-network-7ce2476039fd
https://medium.com/data-science-group-iitr/artistic-style-transfer-with-convolutional-neural-network-7ce2476039fd
https://medium.com/data-science-group-iitr/artistic-style-transfer-with-convolutional-neural-network-7ce2476039fd
https://www.tensorflow.org/
https://medium.com/after-us/towards-a-poetics-of-artificial-superintelligence-ebff11d2d249
https://medium.com/after-us/towards-a-poetics-of-artificial-superintelligence-ebff11d2d249
https://medium.com/after-us/towards-a-poetics-of-artificial-superintelligence-ebff11d2d249
https://www.metmuseum.org/toah/hd/roma/hd_roma.htm
https://www.metmuseum.org/toah/hd/roma/hd_roma.htm
https://en.wikipedia.org/wiki/William_Blake
https://en.wikipedia.org/wiki/William_Blake
https://en.wikipedia.org/wiki/Skynet_(Terminator)
http://www.suzannetreister.net/IDNWTMGA/MI3.html


Elvia Vasconcelos 
A visual introduction to AI

‘A visual introduction to AI’ is a collection of sketches that document the key messages coming from 
the online course ‘Introduction to AI and Neural Networks’ held in the summer of 2020 at Karlsruhe 
University of Arts and Design. They are the result of an ongoing exchange between design 
researcher and sketchnoter Elvia Vasconcelos, who was invited to attend the course by Prof. Matteo 
Pasquinelli.

The sketches are intended as accessible maps to help students familiarise themselves with the 
history of AI and the basic components of the complex architecture of artificial neural networks.

In her work, Vasconcelos has been using sketchnotes – a form of visual note-taking that combines 
words with simple drawings – to map information and tell stories in accessible and engaging ways. 
These sketches act as conversation sites that in the to and fro between people create a common 
ground on which to create shared meaning. Done collectively, they emerge from a continuous 
process of listening and exchange, where we negotiate our understanding of things together.

https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view


https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view
https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view
https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view
https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view
https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view
https://drive.google.com/file/d/1li1hVcYrQSGb8Ik1DZsYzaM9QHAJXHht/view


1. A critical approach to the history of Artificial Intelligence
 The course is framed as a technical and critical introduction to 

Artificial Intelligence (AI) and Neural Networks (NN) where we 
look under the hood to see how models are constructed and ask 
questions such as ‘What kind of data and labour do they require?’ 
to explore the socio-political dimensions of AI&NN. In this sketch 
we learn that AI and NN are two different things, although most 
of what we call AI today in fact refers to NN. 

2. AI vs Neural networks – genealogy
 The distinction between the two is explored by looking at the 

genealogy of both paradigms and its key historical figures 
(disappointment-alert: they are all white, male and based at a US 
University).

3. The origins of Neural Networks
 NN is framed within the historical need for automation of manual 

labour, mental labour and perception. The basic architecture of 
an artificial NN is introduced. A distinction is made between two 
approaches to studying AI&NN:

 • Technical account: the how AI&NN works
 • Historical genealogy: the why that explores the history of 

AI&NN from a critical perspective by asking: How did it emerge? 
Who funded it? Where? Why? To whose benefit? And at the cost 
of whom / what?

4. Timeline of Artificial Neural Networks
 An in-depth look at the historical genealogy of Artificial NN, 

starting with Ada Lovelace and Charles Babbage in 1822.

5. What is a dataset?
 Breaks down datasets into three components: 
 (1) collection of images; (2) classification; (3) Taxonomies.

 Under the illusion of neutrality (of which there is none), datasets 
could* be described as collections of images, with added 
information, organised through taxonomies. Yet they are so 
much more than that. Datasets are political and social constructs 
that elevate the vision of those shaping the narratives. These are 
built on historically rigid and binary classifications that are used 
to justify formations of value that create hierarchical structures 
of power. Data is never neutral (nothing is).

6. The construction of a dataset: Imagenet
 Taking Imagenet as a case study to understand all the steps 

involved in creating a dataset.

Elvia Vasconcelos is a design researcher, wannabe activist, compulsive drawer and dressmaker. She is currently a doctoral candidate at the 
Technical University of Eindhoven, where she is investigating the politics of participation and accessibility. This research takes the notion of 
participation as ‘being together’ and explores what being together means in struggle,  through a praxis that creates spaces for a multitude of 
voices and bodies to speak and be heard. 

Vasconcelos’s design practice deals with the socio-political dimensions of digital technologies. Taking voice technologies as an object to 
critically explore the field of Artificial Intelligence, she created the ‘Feminist Alexa’ project in 2017 – a series of workshops that critically look 
at Personal Intelligent Assistants e.g. Amazon Alexa, to investigate the ways in which gender is used in technology and the connections to 
gender-based discrimination in real life.  Her critical investigations of AI have been articulated in a number of different settings such as in 
Alexa Diaries, in the Feminist Voices in Tecnology publication and at a number of events such as the Mozilla Festival, The air of turbulence 
and Primer Conference. 

In her critical investigation of AI Vasconcelos has used sketching as a way to render complexity more accessible.
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<RX�RSHQ�XS�D�GDWDEDVH�RI�SLFWXUHV�XVHG�WR�WUDLQ�DUWLILFLDO�LQWHOOLJHQFH�V\VWHPV��$W�ILUVW��WKLQJV�VHHP

VWUDLJKWIRUZDUG��<RXÒUH�PHW�ZLWK�WKRXVDQGV�RI�LPDJHV��DSSOHV�DQG�RUDQJHV��ELUGV��GRJV��KRUVHV�

PRXQWDLQV��FORXGV��KRXVHV�DQG�VWUHHW�VLJQV��%XW�DV�\RX�SUREH�IXUWKHU�LQWR�WKH�GDWDVHW��SHRSOH�EHJLQ�WR

DSSHDU��FKHHUOHDGHUV��VFXED�GLYHUV��ZHOGHUV��%R\�6FRXWV��ILUH�ZDONHUV�DQG�IORZHU�JLUOV��7KLQJV�JHW�VWUDQJH�

D�SKRWRJUDSK�RI�D�ZRPDQ�VPLOLQJ�LQ�D�ELNLQL�LV�ODEHOOHG�D�ÑVODWWHUQ��VOXW��VORYHQO\�ZRPDQ��WUROORSÒ��$�\RXQJ

PDQ�GULQNLQJ�EHHU�LV�FDWHJRUL]HG�DV�DQ�ÑDOFRKROLF��DON\��GLSVRPDQLDF��ERR]HU��OXVK��VRDNHU��VRXVHÒ��$�FKLOG

ZHDULQJ�VXQJODVVHV�LV�FODVVLILHG�DV�D�ÑIDLOXUH��ORVHU��QRQ�VWDUWHU��XQVXFFHVVIXO�SHUVRQÒ��<RXÒUH�ORRNLQJ�DW�WKH

ÑSHUVRQÒ�FDWHJRU\�LQ�D�GDWDVHW�FDOOHG�,PDJH1HW��RQH�RI�WKH�PRVW�ZLGHO\�XVHG�WUDLQLQJ�VHWV�IRU�PDFKLQH

OHDUQLQJ�

6RPHWKLQJ�LV�ZURQJ�ZLWK�WKLV�SLFWXUH�

:KHUH�GLG�WKHVH�LPDJHV�FRPH�IURP"�:K\�ZHUH�WKH�SHRSOH�LQ�WKH�SKRWRV�ODEHOOHG�WKLV�ZD\"�:KDW

VRUWV�RI�SROLWLFV�DUH�DW�ZRUN�ZKHQ�SLFWXUHV�DUH�SDLUHG�ZLWK�ODEHOV��DQG�ZKDW�DUH�WKH�LPSOLFDWLRQV�ZKHQ�WKH\

DUH�XVHG�WR�WUDLQ�WHFKQLFDO�V\VWHPV"

,Q�VKRUW��KRZ�GLG�ZH�JHW�KHUH"

7KHUHÒV�DQ�XUEDQ�OHJHQG�DERXW�WKH�HDUO\�GD\V�RI�PDFKLQH�YLVLRQ��WKH�VXEILHOG�RI�DUWLILFLDO�LQWHOOLJHQFH

�$,��FRQFHUQHG�ZLWK�WHDFKLQJ�PDFKLQHV�WR�GHWHFW�DQG�LQWHUSUHW�LPDJHV��,Q�������0DUYLQ�0LQVN\�ZDV�D

\RXQJ�SURIHVVRU�DW�0,7��PDNLQJ�D�QDPH�IRU�KLPVHOI�LQ�WKH�HPHUJLQJ�ILHOG�RI�DUWLILFLDO�LQWHOOLJHQFH�>�@

'HFLGLQJ�WKDW�WKH�DELOLW\�WR�LQWHUSUHW�LPDJHV�ZDV�D�FRUH�IHDWXUH�RI�LQWHOOLJHQFH��0LQVN\�WXUQHG�WR�DQ

XQGHUJUDGXDWH�VWXGHQW��*HUDOG�6XVVPDQ��DQG�DVNHG�KLP�WR�ÑVSHQG�WKH�VXPPHU�OLQNLQJ�D�FDPHUD�WR�D

FRPSXWHU�DQG�JHWWLQJ�WKH�FRPSXWHU�WR�GHVFULEH�ZKDW�LW�VDZÒ��>�@�7KLV�EHFDPH�WKH�6XPPHU�9LVLRQ�3URMHFW�

>�@�1HHGOHVV�WR�VD\��WKH�SURMHFW�RI�JHWWLQJ�FRPSXWHUV�WR�ÑVHHÒ�ZDV�PXFK�KDUGHU�WKDQ�DQ\RQH�H[SHFWHG��DQG

ZRXOG�WDNH�D�ORW�ORQJHU�WKDQ�D�VLQJOH�VXPPHU�

7KH�VWRU\�ZHÒYH�EHHQ�WROG�JRHV�OLNH�WKLV��EULOOLDQW�PHQ�ZRUNHG�IRU�GHFDGHV�RQ�WKH�SUREOHP�RI

FRPSXWHU�YLVLRQ��SURFHHGLQJ�LQ�ILWV�DQG�VWDUWV��XQWLO�WKH�WXUQ�WR�SUREDELOLVWLF�PRGHOOLQJ�DQG�OHDUQLQJ

WHFKQLTXHV�LQ�WKH�����V�DFFHOHUDWHG�SURJUHVV��7KLV�OHG�WR�WKH�FXUUHQW�PRPHQW��LQ�ZKLFK�FKDOOHQJHV�VXFK�DV

REMHFW�GHWHFWLRQ�DQG�IDFLDO�UHFRJQLWLRQ�KDYH�EHHQ�ODUJHO\�VROYHG��>�@�7KLV�DUF�RI�LQHYLWDELOLW\�UHFXUV�LQ�PDQ\

$,�QDUUDWLYHV��ZKHUH�LW�LV�DVVXPHG�WKDW�RQJRLQJ�WHFKQLFDO�LPSURYHPHQWV�ZLOO�UHVROYH�DOO�SUREOHPV�DQG

OLPLWDWLRQV�

%XW�ZKDW�LI�WKH�RSSRVLWH�LV�WUXH"�:KDW�LI�WKH�FKDOOHQJH�RI�JHWWLQJ�FRPSXWHUV�WR�ÑGHVFULEH�ZKDW�WKH\

VHHÒ�ZLOO�DOZD\V�EH�D�SUREOHP"�,Q�WKLV�HVVD\��ZH�ZLOO�H[SORUH�ZK\�WKH�DXWRPDWHG�LQWHUSUHWDWLRQ�RI�LPDJHV�LV

DQ�LQKHUHQWO\�VRFLDO�DQG�SROLWLFDO�SURMHFW��UDWKHU�WKDQ�D�SXUHO\�WHFKQLFDO�RQH��8QGHUVWDQGLQJ�WKH�SROLWLFV

ZLWKLQ�$,�V\VWHPV�PDWWHUV�PRUH�WKDQ�HYHU��DV�WKH\�DUH�TXLFNO\�PRYLQJ�LQWR�WKH�DUFKLWHFWXUH�RI�VRFLDO

LQVWLWXWLRQV��GHFLGLQJ�ZKRP�WR�LQWHUYLHZ�IRU�D�MRE��ZKLFK�VWXGHQWV�DUH�SD\LQJ�DWWHQWLRQ�LQ�FODVV��ZKLFK
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VXVSHFWV�WR�DUUHVW��DQG�PXFK�HOVH�

)RU�WKH�ODVW�WZR�\HDUV��ZH�KDYH�EHHQ�VWXG\LQJ�WKH�XQGHUO\LQJ�ORJLF�RI�KRZ�LPDJHV�DUH�XVHG�WR�WUDLQ�$,

V\VWHPV�WR�ÑVHHÒ�WKH�ZRUOG��:H�KDYH�ORRNHG�DW�KXQGUHGV�RI�FROOHFWLRQV�RI�LPDJHV�XVHG�LQ�DUWLILFLDO

LQWHOOLJHQFH��IURP�WKH�ILUVW�H[SHULPHQWV�ZLWK�IDFLDO�UHFRJQLWLRQ�LQ�WKH�HDUO\�����V�WR�FRQWHPSRUDU\�WUDLQLQJ

VHWV�FRQWDLQLQJ�PLOOLRQV�RI�LPDJHV��0HWKRGRORJLFDOO\��ZH�FRXOG�FDOO�WKLV�SURMHFW�DQ�DUFKHRORJ\�RI�GDWDVHWV�
ZH�KDYH�EHHQ�GLJJLQJ�WKURXJK�WKH�PDWHULDO�OD\HUV��FDWDORJXLQJ�WKH�SULQFLSOHV�DQG�YDOXHV�E\�ZKLFK

VRPHWKLQJ�ZDV�FRQVWUXFWHG��DQG�DQDO\VLQJ�ZKDW�QRUPDWLYH�SDWWHUQV�RI�OLIH�ZHUH�DVVXPHG��VXSSRUWHG�DQG

UHSURGXFHG��%\�H[FDYDWLQJ�WKH�FRQVWUXFWLRQ�RI�WKHVH�WUDLQLQJ�VHWV�DQG�WKHLU�XQGHUO\LQJ�VWUXFWXUHV��PDQ\

XQTXHVWLRQHG�DVVXPSWLRQV�DUH�UHYHDOHG��7KHVH�DVVXPSWLRQV�LQIRUP�WKH�ZD\�$,�V\VWHPV�ZRUN���DQG�IDLO���WR

WKLV�GD\�

7KLV�HVVD\�EHJLQV�ZLWK�D�GHFHSWLYHO\�VLPSOH�TXHVWLRQ��ZKDW�ZRUN�GR�LPDJHV�GR�LQ�$,�V\VWHPV"�:KDW

DUH�FRPSXWHUV�PHDQW�WR�UHFRJQLVH�LQ�DQ�LPDJH�DQG�ZKDW�LV�PLVUHFRJQLVHG�RU�HYHQ�FRPSOHWHO\�LQYLVLEOH"

1H[W��ZH�ORRN�DW�WKH�PHWKRG�IRU�LQWURGXFLQJ�LPDJHV�LQWR�FRPSXWHU�V\VWHPV�DQG�ORRN�DW�KRZ�WD[RQRPLHV

RUGHU�WKH�IRXQGDWLRQDO�FRQFHSWV�WKDW�ZLOO�EHFRPH�LQWHOOLJLEOH�WR�D�FRPSXWHU�V\VWHP��7KHQ�ZH�WXUQ�WR�WKH

TXHVWLRQ�RI�ODEHOOLQJ��KRZ�GR�KXPDQV�WHOO�FRPSXWHUV�ZKLFK�ZRUGV�ZLOO�UHODWH�WR�D�JLYHQ�LPDJH"�$QG�ZKDW�LV

DW�VWDNH�LQ�WKH�ZD\�$,�V\VWHPV�XVH�WKHVH�ODEHOV�WR�FODVVLI\�KXPDQV��LQFOXGLQJ�E\�UDFH��JHQGHU��HPRWLRQV�

DELOLW\��VH[XDOLW\��DQG�SHUVRQDOLW\"�)LQDOO\��ZH�WXUQ�WR�WKH�SXUSRVHV�WKDW�FRPSXWHU�YLVLRQ�LV�PHDQW�WR�VHUYH

LQ�RXU�VRFLHW\���WKH�MXGJPHQWV��FKRLFHV��DQG�FRQVHTXHQFHV�RI�SURYLGLQJ�FRPSXWHUV�ZLWK�WKHVH�FDSDFLWLHV�

7UDLQLQJ�$,

%XLOGLQJ�$,�V\VWHPV�UHTXLUHV�GDWD��6XSHUYLVHG�PDFKLQH�OHDUQLQJ�V\VWHPV�GHVLJQHG�IRU�REMHFW�RU

IDFLDO�UHFRJQLWLRQ�DUH�WUDLQHG�RQ�YDVW�DPRXQWV�RI�GDWD�FRQWDLQHG�ZLWKLQ�GDWDVHWV�PDGH�XS�RI�PDQ\�GLVFUHWH

LPDJHV��7R�EXLOG�D�FRPSXWHU�YLVLRQ�V\VWHP�WKDW�FDQ��IRU�H[DPSOH��UHFRJQLVH�WKH�GLIIHUHQFH�EHWZHHQ

SLFWXUHV�RI�DSSOHV�DQG�RUDQJHV��D�GHYHORSHU�KDV�WR�FROOHFW��ODEHO�DQG�WUDLQ�D�QHXUDO�QHWZRUN�RQ�WKRXVDQGV�RI

ODEHOOHG�LPDJHV�RI�DSSOHV�DQG�RUDQJHV��2Q�WKH�VRIWZDUH�VLGH��WKH�DOJRULWKPV�FRQGXFW�D�VWDWLVWLFDO�VXUYH\�RI

WKH�LPDJHV��DQG�GHYHORS�D�PRGHO�WR�UHFRJQLVH�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�ÑFODVVHV�Ò�,I�DOO�JRHV

DFFRUGLQJ�WR�SODQ��WKH�WUDLQHG�PRGHO�ZLOO�EH�DEOH�WR�GLVWLQJXLVK�WKH�GLIIHUHQFH�EHWZHHQ�LPDJHV�RI�DSSOHV

DQG�RUDQJHV�WKDW�LW�KDV�QHYHU�HQFRXQWHUHG�EHIRUH�
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7UDLQLQJ�VHWV��WKHQ��DUH�WKH�IRXQGDWLRQ�RQ�ZKLFK�FRQWHPSRUDU\�PDFKLQH��OHDUQLQJ�V\VWHPV�DUH

EXLOW�>�@�7KH\�DUH�FHQWUDO�WR�KRZ�$,�V\VWHPV�UHFRJQL]H�DQG�LQWHUSUHW�WKH�ZRUOG��7KHVH�GDWDVHWV�VKDSH�WKH

HSLVWHPLF�ERXQGDULHV�JRYHUQLQJ�KRZ�$,�V\VWHPV�RSHUDWH��DQG�WKXV�DUH�DQ�HVVHQWLDO�SDUW�RI�XQGHUVWDQGLQJ

VRFLDOO\�VLJQLILFDQW�TXHVWLRQV�DERXW�$,�

%XW�ZKHQ�ZH�ORRN�DW�WKH�WUDLQLQJ�LPDJHV�ZLGHO\�XVHG�LQ�FRPSXWHU�YLVLRQ�V\VWHPV��ZH�ILQG�D�EHGURFN

FRPSRVHG�RI�VKDN\�DQG�VNHZHG�DVVXPSWLRQV��)RU�UHDVRQV�WKDW�DUH�UDUHO\�GLVFXVVHG�ZLWKLQ�WKH�ILHOG�RI

FRPSXWHU�YLVLRQ��DQG�GHVSLWH�DOO�WKDW�LQVWLWXWLRQV�OLNH�0,7�DQG�FRPSDQLHV�OLNH�*RRJOH�DQG�)DFHERRN�KDYH
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GRQH��WKH�SURMHFW�RI�LQWHUSUHWLQJ�LPDJHV�LV�D�SURIRXQGO\�FRPSOH[�DQG�UHODWLRQDO�HQGHDYRXU��,PDJHV�DUH

UHPDUNDEO\�VOLSSHU\�WKLQJV��ODGHQ�ZLWK�PXOWLSOH�SRWHQWLDO�PHDQLQJV��LUUHVROYDEOH�TXHVWLRQV��DQG

FRQWUDGLFWLRQV��(QWLUH�VXEILHOGV�RI�SKLORVRSK\��DUW�KLVWRU\��DQG�PHGLD�WKHRU\�DUH�GHGLFDWHG�WR�WHDVLQJ�RXW�DOO

WKH�QXDQFHV�RI�WKH�XQVWDEOH�UHODWLRQVKLS�EHWZHHQ�LPDJHV�DQG�PHDQLQJV�>�@

�:KLWH�)ORZHU��$JQHV�0DUWLQ������

,PDJHV�GR�QRW�GHVFULEH�WKHPVHOYHV��7KLV�LV�D�IHDWXUH�WKDW�DUWLVWV�KDYH�H[SORUHG�IRU�FHQWXULHV��$JQHV

0DUWLQ�FUHDWHV�D�JULG�OLNH�SDLQWLQJ�DQG�GXEV�LW�:KLWH�)ORZHU��0DJULWWH�SDLQWV�D�SLFWXUH�RI�DQ�DSSOH�ZLWK�WKH

ZRUGV�Ñ7KLV�LV�QRW�DQ�DSSOHÒ��:H�VHH�WKRVH�LPDJHV�GLIIHUHQWO\�ZKHQ�ZH�VHH�KRZ�WKH\ÒUH�ODEHOOHG��7KH�FLUFXLW

EHWZHHQ�LPDJH��ODEHO�DQG�UHIHUHQW�LV�IOH[LEOH�DQG�FDQ�EH�UHFRQVWUXFWHG�LQ�DQ\�QXPEHU�RI�ZD\V�WR�GR

GLIIHUHQW�NLQGV�RI�ZRUN��:KDWÒV�PRUH��WKRVH�FLUFXLWV�FDQ�FKDQJH�RYHU�WLPH�DV�WKH�FXOWXUDO�FRQWH[W�RI�DQ

LPDJH�VKLIWV��DQG�FDQ�PHDQ�GLIIHUHQW�WKLQJV�GHSHQGLQJ�RQ�ZKR�ORRNV��DQG�ZKHUH�WKH\�DUH�ORFDWHG��,PDJHV

DUH�RSHQ�WR�LQWHUSUHWDWLRQ�DQG�UHLQWHUSUHWDWLRQ�

7KLV�LV�SDUW�RI�WKH�UHDVRQ�ZK\�WKH�WDVNV�RI�REMHFW�UHFRJQLWLRQ�DQG�FODVVLILFDWLRQ�DUH�PRUH�FRPSOH[

WKDQ�0LQNV\���DQG�PDQ\�RI�WKRVH�ZKR�KDYH�FRPH�VLQFH���LQLWLDOO\�LPDJLQHG�

'HVSLWH�WKH�FRPPRQ�P\WKRV�WKDW�$,�DQG�WKH�GDWD�LW�GUDZV�RQ�DUH�REMHFWLYHO\�DQG�VFLHQWLILFDOO\

FODVVLI\LQJ�WKH�ZRUOG��HYHU\ZKHUH�WKHUH�LV�SROLWLFV��LGHRORJ\��SUHMXGLFHV�DQG�DOO�RI�WKH�VXEMHFWLYH�VWXII�RI

KLVWRU\��:KHQ�ZH�VXUYH\�WKH�PRVW�ZLGHO\�XVHG�WUDLQLQJ�VHWV��ZH�ILQG�WKDW�WKLV�LV�WKH�UXOH�UDWKHU�WKDQ�WKH

H[FHSWLRQ�

$QDWRP\�RI�D�7UDLQLQJ�6HW

$OWKRXJK�WKHUH�FDQ�EH�FRQVLGHUDEOH�YDULDWLRQ�LQ�WKH�SXUSRVHV�DQG�DUFKLWHFWXUHV�RI�GLIIHUHQW�WUDLQLQJ

VHWV��WKH\�VKDUH�VRPH�FRPPRQ�SURSHUWLHV��$W�WKHLU�FRUH��WUDLQLQJ�VHWV�IRU�LPDJLQJ�V\VWHPV�FRQVLVW�RI�D
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FROOHFWLRQ�RI�LPDJHV�WKDW�KDYH�EHHQ�ODEHOOHG�LQ�YDULRXV�ZD\V�DQG�VRUWHG�LQWR�FDWHJRULHV��$V�VXFK��ZH�FDQ

GHVFULEH�WKHLU�RYHUDOO�DUFKLWHFWXUH�DV�JHQHUDOO\�FRQVLVWLQJ�RI�WKUHH�OD\HUV��WKH�RYHUDOO�WD[RQRP\��WKH

DJJUHJDWH�RI�FODVVHV�DQG�WKHLU�KLHUDUFKLFDO�QHVWLQJ��LI�DSSOLFDEOH���WKH�LQGLYLGXDO�FODVVHV��WKH�VLQJXODU

FDWHJRULHV�WKDW�LPDJHV�DUH�RUJDQLVHG�LQWR��H�J���ÑDSSOHÒ���DQG�HDFK�LQGLYLGXDOO\�ODEHOOHG�LPDJH��L�H���DQ

LQGLYLGXDO�SLFWXUH�WKDW�KDV�EHHQ�ODEHOOHG�DQ�DSSOH���2XU�FRQWHQWLRQ�LV�WKDW�HYHU\�OD\HU�RI�D�JLYHQ�WUDLQLQJ

VHWÒV�DUFKLWHFWXUH�LV�LQIXVHG�ZLWK�SROLWLFV�

7DNH�WKH�FDVH�RI�D�GDWDVHW�OLNH�WKH�Ñ7KH�-DSDQHVH�)HPDOH�)DFLDO�([SUHVVLRQ��-$))(��'DWDEDVHÒ�

GHYHORSHG�E\�0LFKDHO�/\RQV��0L\XNL�.DPDFKL�DQG�-LUR�*\RED�LQ�������DQG�ZLGHO\�XVHG�LQ�DIIHFWLYH

FRPSXWLQJ�UHVHDUFK�DQG�GHYHORSPHQW��7KH�GDWDVHW�FRQWDLQV�SKRWRJUDSKV�RI�WHQ�-DSDQHVH�IHPDOH�PRGHOV

PDNLQJ�VHYHQ�IDFLDO�H[SUHVVLRQV�WKDW�DUH�PHDQW�WR�FRUUHODWH�ZLWK�VHYHQ�EDVLF�HPRWLRQDO�VWDWHV�>�@��7KH

LQWHQGHG�SXUSRVH�RI�WKH�GDWDVHW�LV�WR�KHOS�PDFKLQH�OHDUQLQJ�V\VWHPV�UHFRJQLVH�DQG�ODEHO�WKHVH�HPRWLRQV

IRU�QHZO\�FDSWXUHG��XQODEHOOHG�LPDJHV���7KH�LPSOLFLW��WRS�OHYHO�WD[RQRP\�KHUH�LV�VRPHWKLQJ�OLNH�ÑIDFLDO

H[SUHVVLRQV�GHSLFWLQJ�WKH�HPRWLRQV�RI�-DSDQHVH�ZRPHQÒ�

,I�ZH�JR�GRZQ�D�OHYHO�IURP�WD[RQRP\��ZH�DUULYH�DW�WKH�OHYHO�RI�WKH�FODVV��,Q�WKH�FDVH�RI�-$))(��WKRVH

FODVVHV�DUH�KDSSLQHVV��VDGQHVV��VXUSULVH��GLVJXVW��IHDU��DQJHU�DQG�QHXWUDO��7KHVH�FDWHJRULHV�EHFRPH�WKH

RUJDQLVLQJ�EXFNHWV�LQWR�ZKLFK�DOO�RI�WKH�LQGLYLGXDO�LPDJHV�DUH�VWRUHG��,Q�D�GDWDEDVH�XVHG�LQ�IDFLDO

UHFRJQLWLRQ��DV�DQRWKHU�H[DPSOH��WKH�FODVVHV�PLJKW�FRUUHVSRQG�WR�WKH�QDPHV�RI�WKH�LQGLYLGXDOV�ZKRVH

IDFHV�DUH�LQ�WKH�GDWDVHW��,Q�D�GDWDVHW�GHVLJQHG�IRU�REMHFW�UHFRJQLWLRQ��WKRVH�FODVVHV�FRUUHVSRQG�WR�WKLQJV

OLNH�DSSOHV�DQG�RUDQJHV��7KH\�DUH�WKH�GLVWLQFW�FRQFHSWV�XVHG�WR�RUGHU�WKH�XQGHUO\LQJ�LPDJHV�

$W�WKH�PRVW�JUDQXODU�OHYHO�RI�D�WUDLQLQJ�VHWÒV�DUFKLWHFWXUH��ZH�ILQG�WKH�LQGLYLGXDO�ODEHOOHG�LPDJH��EH�LW�D

IDFH�ODEHOOHG�DV�LQGLFDWLQJ�DQ�HPRWLRQDO�VWDWH��D�VSHFLILF�SHUVRQ��RU�D�VSHFLILF�REMHFW��DPRQJ�PDQ\

H[DPSOHV��)RU�-$))(��WKLV�LV�ZKHUH�\RX�FDQ�ILQG�DQ�LQGLYLGXDO�ZRPDQ�JULPDFLQJ��VPLOLQJ�RU�ORRNLQJ

VXUSULVHG�

7KHUH�DUH�VHYHUDO�LPSOLFLW�DVVHUWLRQV�LQ�WKH�-$))(�VHW��)LUVW�WKHUHÒV�WKH�WD[RQRP\�LWVHOI��WKDW

ÑHPRWLRQVÒ�LV�D�YDOLG�VHW�RI�YLVXDO�FRQFHSWV��7KHQ�WKHUHÒV�D�VWULQJ�RI�DGGLWLRQDO�DVVXPSWLRQV��WKDW�WKH

FRQFHSWV�ZLWKLQ�ÑHPRWLRQVÒ�FDQ�EH�DSSOLHG�WR�SKRWRJUDSKV�RI�SHRSOHÒV�IDFHV��VSHFLILFDOO\�-DSDQHVH

ZRPHQ���WKDW�WKHUH�DUH�VL[�HPRWLRQV�SOXV�D�QHXWUDO�VWDWH��WKDW�WKHUH�LV�D�IL[HG�UHODWLRQVKLS�EHWZHHQ�D

SHUVRQÒV�IDFLDO�H[SUHVVLRQ�DQG�KHU�WUXH�HPRWLRQDO�VWDWH��DQG�WKDW�WKLV�UHODWLRQVKLS�EHWZHHQ�WKH�IDFH�DQG�WKH

HPRWLRQ�LV�FRQVLVWHQW��PHDVXUDEOH��DQG�XQLIRUP�DFURVV�WKH�ZRPHQ�LQ�WKH�SKRWRJUDSKV�

$W�WKH�OHYHO�RI�WKH�FODVV��ZH�ILQG�DVVXPSWLRQV�VXFK�DV�ÑWKHUH�LV�VXFK�D�WKLQJ�DV�D�ÔQHXWUDOÕ�IDFLDO

H[SUHVVLRQÒ�DQG�ÑWKH�VLJQLILFDQW�VL[�HPRWLRQDO�VWDWHV�DUH�KDSS\��VDG��DQJU\��GLVJXVWHG��DIUDLG��VXUSULVHGÒ�>�@

$W�WKH�OHYHO�RI�ODEHOOHG�LPDJH��WKHUH�DUH�RWKHU�LPSOLFLW�DVVXPSWLRQV�VXFK�DV�ÑWKLV�SDUWLFXODU�SKRWRJUDSK

GHSLFWV�D�ZRPDQ�ZLWK�DQ�ÔDQJU\Õ�IDFLDO�H[SUHVVLRQÒ��UDWKHU�WKDQ��IRU�H[DPSOH��WKH�IDFW�WKDW�WKLV�LV�DQ�LPDJH

RI�D�ZRPDQ�PLPLFNLQJ�DQ�DQJU\�H[SUHVVLRQ��7KHVH��RI�FRXUVH��DUH�DOO�ÑSHUIRUPHGÒ�H[SUHVVLRQV���QRW�UHODWLQJ

WR�DQ\�LQWHULRU�VWDWH��EXW�DFWHG�RXW�LQ�D�ODERUDWRU\�VHWWLQJ��(YHU\�RQH�RI�WKH�LPSOLFLW�FODLPV�PDGH�DW�HDFK

OHYHO�LV��DW�EHVW��RSHQ�WR�TXHVWLRQ��DQG�VRPH�DUH�GHHSO\�FRQWHVWHG�>�@

7KH�-$))(�WUDLQLQJ�VHW�LV�UHODWLYHO\�PRGHVW�DV�IDU�DV�FRQWHPSRUDU\�WUDLQLQJ�VHWV�JR��,W�ZDV�FUHDWHG

EHIRUH�WKH�DGYHQW�RI�VRFLDO�PHGLD��EHIRUH�GHYHORSHUV�ZHUH�DEOH�WR�VFUDSH�LPDJHV�IURP�WKH�LQWHUQHW�DW�VFDOH�

DQG�EHIRUH�SLHFHPHDO�RQOLQH�ODERXU�SODWIRUPV�OLNH�$PD]RQ�0HFKDQLFDO�7XUN�DOORZHG�UHVHDUFKHUV�DQG

FRUSRUDWLRQV�WR�FRQGXFW�WKH�IRUPLGDEOH�WDVN�RI�ODEHOLQJ�KXJH�TXDQWLWLHV�RI�SKRWRJUDSKV��$V�WUDLQLQJ�VHWV

JUHZ�LQ�VFDOH�DQG�VFRSH��VR�GLG�WKH�FRPSOH[LWLHV��LGHRORJLHV��VHPLRORJLHV�DQG�SROLWLFV�IURP�ZKLFK�WKH\�DUH

FRQVWLWXWHG��7R�VHH�WKLV�DW�ZRUN��OHWÒV�WXUQ�WR�WKH�PRVW�LFRQLF�WUDLQLQJ�VHW�RI�DOO��,PDJH1HW�

7KH�&DQRQLFDO�7UDLQLQJ�6HW��,PDJH1HW

2QH�RI�WKH�PRVW�VLJQLILFDQW�WUDLQLQJ�VHWV�LQ�WKH�KLVWRU\�RI�$,�VR�IDU�LV�,PDJH1HW��ZKLFK�LV�QRZ

FHOHEUDWLQJ�LWV�WHQWK�DQQLYHUVDU\��)LUVW�SUHVHQWHG�DV�D�UHVHDUFK�SRVWHU�LQ�������,PDJH1HW�LV�D�GDWDVHW�RI

H[WUDRUGLQDU\�VFRSH�DQG�DPELWLRQ��,Q�WKH�ZRUGV�RI�LWV�FRFUHDWRU��6WDQIRUG�3URIHVVRU�)HL�)HL�/L��WKH�LGHD

EHKLQG�,PDJH1HW�ZDV�WR�ÑPDS�RXW�WKH�HQWLUH�ZRUOG�RI�REMHFWVÒ�>��@�2YHU�VHYHUDO�\HDUV�RI�GHYHORSPHQW�

https://www.researchgate.net/figure/Samples-from-the-Japanese-females-facial-expression-image-set_fig4_220013217
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,PDJH1HW�JUHZ�HQRUPRXV��WKH�GHYHORSPHQW�WHDP�VFUDSHG�D�FROOHFWLRQ�RI�PDQ\�PLOOLRQV�RI�LPDJHV�IURP

WKH�LQWHUQHW�DQG�EULHIO\�EHFDPH�WKH�ZRUOG
V�ODUJHVW�DFDGHPLF�XVHU�RI�$PD]RQÒV�0HFKDQLFDO�7XUN��XVLQJ�DQ

DUP\�RI�SLHFHPHDO�ZRUNHUV�WR�VRUW�DQ�DYHUDJH�RI����LPDJHV�SHU�PLQXWH�LQWR�WKRXVDQGV�RI�FDWHJRULHV�>��@

:KHQ�LW�ZDV�ILQLVKHG��,PDJH1HW�FRQVLVWHG�RI�RYHU����PLOOLRQ�ODEHOOHG�LPDJHV�RUJDQLVHG�LQWR�PRUH�WKDQ����

����FDWHJRULHV��)RU�D�GHFDGH��LW�KDV�EHHQ�WKH�FRORVVXV�RI�REMHFW�UHFRJQLWLRQ�IRU�PDFKLQH�OHDUQLQJ�DQG�D

SRZHUIXOO\�LPSRUWDQW�EHQFKPDUN�IRU�WKH�ILHOG�

,QWHUIDFH�XVHG�E\�$PD]RQ�7XUN�:RUNHUV�WR�ODEHO�SLFWXUHV�LQ�,PDJH1HW

1DYLJDWLQJ�,PDJH1HWÒV�ODE\ULQWKLQH�VWUXFWXUH�LV�OLNH�WDNLQJ�D�VWUROO�WKURXJK�%RUJHVÒV�LQILQLWH�OLEUDU\��,W

LV�YDVW�DQG�ILOOHG�ZLWK�DOO�VRUWV�RI�FXULRVLWLHV��7KHUH�DUH�FDWHJRULHV�IRU�DSSOHV��DSSOH�DSKLGV��DSSOH�EXWWHU�

DSSOH�GXPSOLQJV��DSSOH�JHUDQLXPV��DSSOH�MHOO\��DSSOH�MXLFH��DSSOH�PDJJRWV��DSSOH�UXVW��DSSOH�WUHHV��DSSOH

WXUQRYHUV��DSSOH�FDUWV��DSSOHMDFN��DQG�DSSOHVDXFH��7KHUH�DUH�SLFWXUHV�RI�KRW�OLQHV��KRW�SDQWV��KRW�SODWHV��KRW

SRWV��KRW�URGV��KRW�VDXFH��KRW�VSULQJV��KRW�WRGGLHV��KRW�WXEV��KRW��DLU�EDOORRQV��KRW�IXGJH�VDXFH��DQG�KRW

ZDWHU�ERWWOHV�

,PDJH1HW�TXLFNO\�EHFDPH�D�FULWLFDO�DVVHW�IRU�FRPSXWHU�YLVLRQ�UHVHDUFK��,W�EHFDPH�WKH�EDVLV�IRU�DQ

DQQXDO�FRPSHWLWLRQ�ZKHUH�ODEV�DURXQG�WKH�ZRUOG�ZRXOG�WU\�WR�RXWSHUIRUP�HDFK�RWKHU�E\�SLWWLQJ�WKHLU

DOJRULWKPV�DJDLQVW�WKH�WUDLQLQJ�VHW�DQG�VHHLQJ�ZKLFK�RQH�FRXOG�PRVW�DFFXUDWHO\�ODEHO�D�VXEVHW�RI�LPDJHV��,Q

������D�WHDP�IURP�WKH�8QLYHUVLW\�RI�7RURQWR�XVHG�D�&RQYROXWLRQDO�1HXUDO�1HWZRUN�WR�KDQGLO\�ZLQ�WKH�WRS

SUL]H��EULQJLQJ�QHZ�DWWHQWLRQ�WR�WKLV�WHFKQLTXH��7KDW�PRPHQW�LV�ZLGHO\�FRQVLGHUHG�D�WXUQLQJ�SRLQW�LQ�WKH

GHYHORSPHQW�RI�FRQWHPSRUDU\�$,�>��@�7KH�ILQDO�\HDU�RI�WKH�,PDJH1HW�FRPSHWLWLRQ�ZDV�������DQG�DFFXUDF\

LQ�FODVVLI\LQJ�REMHFWV�LQ�WKH�OLPLWHG�VXEVHW�KDG�ULVHQ�IURP�������WR��������7KDW�VXEVHW�GLG�QRW�LQFOXGH�WKH

Ñ3HUVRQÒ�FDWHJRU\��IRU�UHDVRQV�WKDW�ZLOO�VRRQ�EHFRPH�REYLRXV�

7D[RQRP\

7KH�XQGHUO\LQJ�VWUXFWXUH�RI�,PDJH1HW�LV�EDVHG�RQ�WKH�VHPDQWLF�VWUXFWXUH�RI�:RUG1HW��D�GDWDEDVH�RI

ZRUG�FODVVLILFDWLRQV�GHYHORSHG�DW�3ULQFHWRQ�8QLYHUVLW\�LQ�WKH�����V��7KH�WD[RQRP\�LV�RUJDQLVHG�DFFRUGLQJ

WR�D�QHVWHG�VWUXFWXUH�RI�FRJQLWLYH�V\QRQ\PV�RU�ÑV\QVHWÒ��(DFK�ÑV\QVHWÒ�UHSUHVHQWV�D�GLVWLQFW�FRQFHSW��ZLWK

V\QRQ\PV�JURXSHG�WRJHWKHU��IRU�H[DPSOH��ÑDXWRÒ�DQG�ÑFDUÒ�DUH�WUHDWHG�DV�EHORQJLQJ�WR�WKH�VDPH�V\QVHW��

7KRVH�V\QVHWV�DUH�WKHQ�RUJDQLVHG�LQWR�D�QHVWHG�KLHUDUFK\��JRLQJ�IURP�JHQHUDO�FRQFHSWV�WR�PRUH�VSHFLILF

RQHV��)RU�H[DPSOH��WKH�FRQFHSW�ÑFKDLUÒ�LV�QHVWHG�DV�DUWLIDFW�!�IXUQLVKLQJ�!�IXUQLWXUH�!�VHDW�!�FKDLU��7KH
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FODVVLILFDWLRQ�V\VWHP�LV�EURDGO\�VLPLODU�WR�WKRVH�XVHG�LQ�OLEUDULHV�WR�RUGHU�ERRNV�LQWR�LQFUHDVLQJO\�VSHFLILF

FDWHJRULHV�

:KLOH�:RUG1HW�DWWHPSWV�WR�RUJDQL]H�WKH�HQWLUH�(QJOLVK�ODQJXDJH�>��@�,PDJH1HW�LV�UHVWULFWHG�WR�QRXQV

�WKH�LGHD�EHLQJ�WKDW�QRXQV�DUH�WKLQJV�WKDW�SLFWXUHV�FDQ�UHSUHVHQW���,Q�WKH�,PDJH1HW�KLHUDUFK\��HYHU\�FRQFHSW

LV�RUJDQLVHG�XQGHU�RQH�RI�QLQH�WRS�OHYHO�FDWHJRULHV��SODQW��JHRORJLF�IRUPDWLRQ��QDWXUDO�REMHFW��VSRUW�

DUWLIDFW��IXQJXV��SHUVRQ��DQLPDO�DQG�PLVFHOODQHRXV��%HORZ�WKHVH�DUH�OD\HUV�RI�DGGLWLRQDO�QHVWHG�FODVVHV�

$V�WKH�ILHOGV�RI�LQIRUPDWLRQ�VFLHQFH�DQG�VFLHQFH�DQG�WHFKQRORJ\�VWXGLHV�KDYH�ORQJ�VKRZQ��DOO

WD[RQRPLHV�RU�FODVVLILFDWRU\�V\VWHPV�DUH�SROLWLFDO�>��@�,Q�,PDJH1HW��LQKHULWHG�IURP�:RUG1HW��

IRU�H[DPSOH��WKH�FDWHJRU\�ÑKXPDQ�ERG\Ò�IDOOV�XQGHU�WKH�EUDQFK�1DWXUDO�2EMHFW�!�%RG\�!�+XPDQ�%RG\�

,WV�VXEFDWHJRULHV�LQFOXGH�ÑPDOH�ERG\Ò��ÑSHUVRQÒ��ÑMXYHQLOH�ERG\Ò��ÑDGXOW�ERG\Ò��DQG�ÑIHPDOH�ERG\Ò��7KH�ÑDGXOW

ERG\Ò�FDWHJRU\�FRQWDLQV�WKH�VXEFODVVHV�ÑDGXOW�IHPDOH�ERG\Ò�DQG�ÑDGXOW�PDOH�ERG\Ò��:H�ILQG�DQ�LPSOLFLW

DVVXPSWLRQ�KHUH��RQO\�ÑPDOHÒ�DQG�ÑIHPDOHÒ�ERGLHV�DUH�ÑQDWXUDOÒ��7KHUH�LV�DQ�,PDJH1HW�FDWHJRU\�IRU�WKH�WHUP

Ñ+HUPDSKURGLWHÒ�WKDW�LV�EL]DUUHO\��DQG�RIIHQVLYHO\��VLWXDWHG�ZLWKLQ�WKH�EUDQFK�3HUVRQ�!�6HQVXDOLVW�!

%LVH[XDO�!�DORQJVLGH�WKH�FDWHJRULHV�Ñ3VHXGRKHUPDSKURGLWHÒ�DQG�Ñ6ZLWFK�+LWWHUÒ�>��@�7KH�,PDJH1HW

FODVVLILFDWLRQ�KLHUDUFK\�UHFDOOV�WKH�ROG�/LEUDU\�RI�&RQJUHVV�FODVVLILFDWLRQ�RI�/*%74�WKHPHG�ERRNV�XQGHU

WKH�FDWHJRU\�Ñ$EQRUPDO�6H[XDO�5HODWLRQV��,QFOXGLQJ�6H[XDO�&ULPHVÒ��ZKLFK�WKH�$PHULFDQ�/LEUDU\

$VVRFLDWLRQ
V�7DVN�)RUFH�RQ�*D\�/LEHUDWLRQ�ILQDOO\�FRQYLQFHG�WKH�/LEUDU\�RI�&RQJUHVV�WR�FKDQJH�LQ�����

DIWHU�D�VXVWDLQHG�FDPSDLJQ�>��@

,I�ZH�PRYH�IURP�WD[RQRP\�GRZQ�D�OHYHO��WR�WKH��������FDWHJRULHV�LQ�WKH�,PDJH1HW�KLHUDUFK\��ZH�VHH

DQRWKHU�NLQG�RI�SROLWLFV�HPHUJH�

&DWHJRULHV

7KHUHÒV�D�NLQG�RI�VRUFHU\�WKDW�JRHV�LQWR�WKH�FUHDWLRQ�RI�FDWHJRULHV��7R�FUHDWH�D�FDWHJRU\�RU�WR�QDPH
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WKLQJV�LV�WR�GLYLGH�DQ�DOPRVW�LQILQLWHO\�FRPSOH[�XQLYHUVH�LQWR�VHSDUDWH�SKHQRPHQD��7R�LPSRVH�RUGHU�RQWR

DQ�XQGLIIHUHQWLDWHG�PDVV��WR�DVFULEH�SKHQRPHQD�WR�D�FDWHJRU\���WKDW�LV��WR�QDPH�D�WKLQJ���LV�LQ�WXUQ�D�PHDQV

RI�UHLI\LQJ�WKH�H[LVWHQFH�RI�WKDW�FDWHJRU\�

,Q�WKH�FDVH�RI�,PDJH1HW��QRXQ�FDWHJRULHV�VXFK�DV�ÑDSSOHÒ�RU�ÑDSSOH�EXWWHUÒ�PLJKW�VHHP�UHDVRQDEO\

XQFRQWURYHUVLDO��EXW�QRW�DOO�QRXQV�DUH�FUHDWHG�HTXDO��7R�ERUURZ�DQ�LGHD�IURP�OLQJXLVW�*HRUJH�/DNRII��WKH

FRQFHSW�RI�DQ�ÔDSSOHÕ�LV�PRUH�QRXQ\�WKDQ�WKH�FRQFHSW�RI�ÑOLJKWÒ��ZKLFK�LQ�WXUQ�LV�PRUH�QRXQ\�WKDQ�D�FRQFHSW

VXFK�DV�ÑKHDOWKÒ�>��@�1RXQV�RFFXS\�YDULRXV�SODFHV�RQ�DQ�D[LV�IURP�WKH�FRQFUHWH�WR�WKH�DEVWUDFW��DQG�IURP

WKH�GHVFULSWLYH�WR�WKH�MXGJPHQWDO��7KHVH�JUDGLHQWV�KDYH�EHHQ�HUDVHG�LQ�WKH�ORJLF�RI�,PDJH1HW��(YHU\WKLQJ

LV�IODWWHQHG�RXW�DQG�SLQQHG�WR�D�ODEHO��OLNH�WD[LGHUP\�EXWWHUIOLHV�LQ�D�GLVSOD\�FDVH��7KH�UHVXOWV�FDQ�EH

SUREOHPDWLF��LOORJLFDO��DQG�FUXHO��HVSHFLDOO\�ZKHQ�LW�FRPHV�WR�ODEHOV�DSSOLHG�WR�SHRSOH�

,PDJH1HW�FRQWDLQV�������VXEFDWHJRULHV�XQGHU�WKH�WRS�OHYHO�FDWHJRU\�Ñ3HUVRQÒ��7KH�VXEFDWHJRU\�ZLWK

WKH�PRVW�DVVRFLDWHG�SLFWXUHV�LV�ÑJDOÒ��ZLWK�������LPDJHV��IROORZHG�E\�ÑJUDQGIDWKHUÒ����������ÑGDGÒ���������

DQG�FKLHI�H[HFXWLYH�RIILFHU����������:LWK�WKHVH�KLJKO\�SRSXODWHG�FDWHJRULHV��ZH�FDQ�DOUHDG\�EHJLQ�WR�VHH�WKH

RXWOLQHV�RI�D�ZRUOGYLHZ��,PDJH1HW�FODVVLILHV�SHRSOH�LQWR�D�KXJH�UDQJH�RI�W\SHV�LQFOXGLQJ�UDFH��QDWLRQDOLW\�

SURIHVVLRQ��HFRQRPLF�VWDWXV��EHKDYLRXU��FKDUDFWHU�DQG�HYHQ�PRUDOLW\��7KHUH�DUH�FDWHJRULHV�IRU�UDFLDO�DQG

QDWLRQDO�LGHQWLWLHV�LQFOXGLQJ�$ODVND�1DWLYH��$QJOR�$PHULFDQ��%ODFN��%ODFN�$IULFDQ��%ODFN�:RPDQ��&HQWUDO

$PHULFDQ��(XUDVLDQ��*HUPDQ

$PHULFDQ��-DSDQHVH��/DSS��/DWLQ�$PHULFDQ��0H[LFDQ�$PHULFDQ��1LFDUDJXDQ��1LJHULDQ��3DNLVWDQL�

3DSXDQ��6RXWK�$PHULFDQ�,QGLDQ��6SDQLVK�$PHULFDQ��7H[DQ��8]EHN��:KLWH��<HPHQL�DQG�=XOX��2WKHU�SHRSOH

DUH�ODEHOOHG�E\�WKHLU�FDUHHUV�RU�KREELHV��WKHUH�DUH�%R\�6FRXWV��FKHHUOHDGHUV��FRJQLWLYH�QHXURVFLHQWLVWV�

KDLUGUHVVHUV��LQWHOOLJHQFH�DQDO\VWV��P\WKRORJLVWV��UHWDLOHUV��UHWLUHHV�DQG�VR�RQ�

$V�ZH�JR�IXUWKHU�LQWR�WKH�GHSWKV�RI�,PDJH1HWÒV�3HUVRQ�FDWHJRULHV��WKH�FODVVLILFDWLRQV�RI�KXPDQV

ZLWKLQ�LW�WDNH�D�VKDUS�DQG�GDUN�WXUQ��7KHUH�DUH�FDWHJRULHV�IRU�%DG�3HUVRQ��&DOO�*LUO��'UXJ�$GGLFW��&ORVHW

4XHHQ��&RQYLFW��&UD]\��)DLOXUH��)ORS��)XFNHU��+\SRFULWH��-H]HEHO��.OHSWRPDQLDF��/RVHU��0HODQFKROLF�

1RQSHUVRQ��3HUYHUW��3ULPD�'RQQD��6FKL]RSKUHQLF��6HFRQG��5DWHU��6SLQVWHU��6WUHHWZDONHU��6WXG��7RVVHU�

8QVNLOOHG�3HUVRQ��:DQWRQ��:DYHUHU�DQG�:LPS��7KHUH�DUH�PDQ\�UDFLVW�VOXUV�DQG�PLVRJ\QLVWLF�WHUPV�
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6HOHFWLRQV�IURP�WKH��3HUVRQ��FODVVHV��,PDJH1HW

2I�FRXUVH��,PDJH1HW�ZDV�W\SLFDOO\�XVHG�IRU�REMHFW�UHFRJQLWLRQ���VR�WKH�3HUVRQ�FDWHJRU\�ZDV�UDUHO\

GLVFXVVHG�DW�WHFKQLFDO�FRQIHUHQFHV��QRU�KDV�LW�UHFHLYHG�PXFK�SXEOLF�DWWHQWLRQ��+RZHYHU��WKLV�FRPSOH[

DUFKLWHFWXUH�RI�LPDJHV�RI�UHDO�SHRSOH��WDJJHG�ZLWK�RIWHQ�RIIHQVLYH�ODEHOV��KDV�EHHQ�SXEOLFO\�DYDLODEOH�RQ�WKH

LQWHUQHW�IRU�D�GHFDGH��,W�SURYLGHV�D�SRZHUIXO�DQG�LPSRUWDQW�H[DPSOH�RI�WKH�FRPSOH[LWLHV�DQG�GDQJHUV�RI

KXPDQ�FODVVLILFDWLRQ��DQG�WKH�VOLGLQJ�VSHFWUXP�IURP�VXSSRVHGO\�XQSUREOHPDWLF�ODEHOV�OLNH�ÑWUXPSHWHUÒ�RU

ÑWHQQLV�SOD\HUÒ�WR�FRQFHSWV�OLNH�ÑVSDVWLFÒ��ÑPXODWWRÒ��RU�ÑUHGQHFNÒ��5HJDUGOHVV�RI�WKH�VXSSRVHG�QHXWUDOLW\�RI

DQ\�SDUWLFXODU�FDWHJRU\��WKH�VHOHFWLRQ�RI�LPDJHV�VNHZV�WKH�PHDQLQJ�LQ�ZD\V�WKDW�DUH�JHQGHUHG��UDFLDOLVHG�

DEOHLVW�DQG�DJHLVW��,PDJH1HW�LV�DQ�REMHFW�OHVVRQ��LI�\RX�ZLOO��LQ�ZKDW�KDSSHQV�ZKHQ�SHRSOH�DUH�FDWHJRULVHG

OLNH�REMHFWV��$QG�WKLV�SUDFWLFH�KDV�RQO\�EHFRPH�PRUH�FRPPRQ�LQ�UHFHQW�\HDUV��RIWHQ�LQVLGH�WKH�ELJ�$,

FRPSDQLHV��ZKHUH�WKHUH�LV�QR�ZD\�IRU�RXWVLGHUV�WR�VHH�KRZ�LPDJHV�DUH�EHLQJ�RUGHUHG�DQG�FODVVLILHG�

)LQDOO\��WKHUH�LV�WKH�LVVXH�RI�ZKHUH�WKH�WKRXVDQGV�RI�LPDJHV�LQ�,PDJH1HWÒV�3HUVRQ�FODVV�ZHUH�GUDZQ

IURP��%\�KDUYHVWLQJ�LPDJHV�HQ�PDVVH�IURP�LPDJH�VHDUFK�HQJLQHV�OLNH�*RRJOH��,PDJH1HWÒV�FUHDWRUV

DSSURSULDWHG�SHRSOHÒV�VHOILHV�DQG�YDFDWLRQ�SKRWRV�ZLWKRXW�WKHLU�NQRZOHGJH��DQG�WKHQ�ODEHOOHG�DQG

UHSDFNDJHG�WKHP�DV�WKH�XQGHUO\LQJ�GDWD�IRU�PXFK�RI�DQ�HQWLUH�ILHOG�>��@�:KHQ�ZH�WDNH�D�ORRN�DW�WKH�EHGURFN

OD\HU�RI�ODEHOHG�LPDJHV��ZH�ILQG�KLJKO\�TXHVWLRQDEOH�VHPLRWLF�DVVXPSWLRQV��HFKRHV�RI�QLQHWHHQWK��FHQWXU\

SKUHQRORJ\��DQG�WKH�UHSUHVHQWDWLRQDO�KDUP�RI�FODVVLI\LQJ�LPDJHV�RI�SHRSOH�ZLWKRXW�WKHLU�FRQVHQW�RU

SDUWLFLSDWLRQ�

,PDJH1HW�5RXOHWWH��$Q�([SHULPHQW�LQ�&ODVVLILFDWLRQ
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7KH�,PDJH1HW�GDWDVHW�LV�W\SLFDOO\�XVHG�IRU�REMHFW�UHFRJQLWLRQ��%XW�DV�SDUW�RI�RXU�DUFKHRORJLFDO

PHWKRG��ZH�ZHUH�LQWHUHVWHG�WR�VHH�ZKDW�ZRXOG�KDSSHQ�LI�ZH�WUDLQHG�DQ�$,�PRGHO�H[FOXVLYHO\�RQ�LWV�ÑSHUVRQÒ

FDWHJRULHV��7KH�UHVXOW�RI�WKDW�H[SHULPHQW�LV�,PDJH1HW�5RXOHWWH�

,PDJH1HW�5RXOHWWH�XVHV�DQ�RSHQ�VRXUFH�&DIIH�GHHS��OHDUQLQJ�IUDPHZRUN��SURGXFHG�DW�8&�%HUNHOH\�

WUDLQHG�RQ�WKH�LPDJHV�DQG�ODEHOV�LQ�WKH�ÑSHUVRQÒ�FDWHJRULHV��ZKLFK�DUH�FXUUHQWO\�ÑGRZQ�IRU�PDLQWHQDQFHÒ��

3URSHU�QRXQV�ZHUH�UHPRYHG�

:KHQ�D�XVHU�XSORDGV�D�SLFWXUH��WKH�DSSOLFDWLRQ�ILUVW�UXQV�D�IDFH�GHWHFWRU�WR�ORFDWH�DQ\�IDFHV��,I�LW�ILQGV

DQ\��LW�VHQGV�WKHP�WR�WKH�&DIIH�PRGHO�IRU�FODVVLILFDWLRQ��7KH�DSSOLFDWLRQ�WKHQ�UHWXUQV�WKH�RULJLQDO�LPDJHV

ZLWK�D�ERXQGLQJ�ER[�VKRZLQJ�WKH�GHWHFWHG�IDFH�DQG�WKH�ODEHO�WKH�FODVVLILHU�KDV�DVVLJQHG�WR�WKH�LPDJH��,I�QR

IDFHV�DUH�GHWHFWHG��WKH�DSSOLFDWLRQ�VHQGV�WKH�HQWLUH�VFHQH�WR�WKH�&DIIH�PRGHO�DQG�UHWXUQV�DQ�LPDJH�ZLWK�D

ODEHO�LQ�WKH�XSSHU�OHIW�FRUQHU�

$V�ZH�KDYH�VKRZQ��,PDJH1HW�FRQWDLQV�D�QXPEHU�RI�SUREOHPDWLF��RIIHQVLYH�DQG�EL]DUUH�FDWHJRULHV�

+HQFH��WKH�UHVXOWV�,PDJH1HW�5RXOHWWH�UHWXUQV�RIWHQ�GUDZ�XSRQ�WKRVH�FDWHJRULHV��7KDW�LV�E\�GHVLJQ��ZH�ZDQW

WR�VKHG�OLJKW�RQ�ZKDW�KDSSHQV�ZKHQ�WHFKQLFDO�V\VWHPV�DUH�WUDLQHG�XVLQJ�SUREOHPDWLF�WUDLQLQJ�GDWD��$,

FODVVLILFDWLRQV�RI�SHRSOH�DUH�UDUHO\�PDGH�YLVLEOH�WR�WKH�SHRSOH�EHLQJ�FODVVLILHG��,PDJH1HW�5RXOHWWH�SURYLGHV

D�JOLPSVH�LQWR�WKDW�SURFHVV���DQG�WR�VKRZ�KRZ�WKLQJV�FDQ�JR�ZURQJ�

,PDJH1HW�5RXOHWWH�GRHV�QRW�VWRUH�WKH�SKRWRV�SHRSOH�XSORDG�

KWWSV���LPDJHQHW��URXOHWWH�SDJOHQ�FRP�

/DEHOOHG�,PDJHV

,PDJHV�DUH�ODGHQ�ZLWK�SRWHQWLDO�PHDQLQJV��LUUHVROYDEOH�TXHVWLRQV�DQG�FRQWUDGLFWLRQV��,Q�WU\LQJ�WR

UHVROYH�WKHVH�DPELJXLWLHV��,PDJH1HWÒV�ODEHOV�RIWHQ�FRPSUHVV�DQG�VLPSOLI\�LPDJHV�LQWR�GHDGSDQ�EDQDOLWLHV�

2QH�SKRWRJUDSK�VKRZV�D�GDUN�VNLQQHG�WRGGOHU�ZHDULQJ�WDWWHUHG�DQG�GLUW\�FORWKHV�DQG�FOXWFKLQJ�D�VRRW�

VWDLQHG�GROO��7KH�FKLOGÒV�PRXWK�LV�RSHQ��7KH�LPDJH�LV�FRPSOHWHO\�GHYRLG�RI�FRQWH[W��:KR�LV�WKLV�FKLOG"

:KHUH�LV�LW"�7KH�SKRWRJUDSK�LV�VLPSO\�ODEHOHG�ÑWR\Ò�

%XW�VRPH�ODEHOV�DUH�MXVW�QRQVHQVLFDO��$�ZRPDQ�VOHHSV�LQ�DQ�DLUSODQH�VHDW��KHU�ULJKW�DUP�SURWHFWLYHO\

FXUOHG�DURXQG�KHU�SUHJQDQW�VWRPDFK��7KH�LPDJH�LV�ODEHOHG�ÑVQREÒ��$�SKRWRVKRSSHG�SLFWXUH�VKRZV�D

VPLOLQJ�%DUDFN�2EDPD�ZHDULQJ�D�1D]L�XQLIRUP��KLV�DUP�UDLVHG�DQG�KROGLQJ�D�1D]L�IODJ��,W�LV�ODEHOHG

Ñ%ROVKHYLNÒ�

$W�WKH�LPDJH�OD\HU�RI�WKH�WUDLQLQJ�VHW��OLNH�HYHU\ZKHUH�HOVH��ZH�ILQG�DVVXPSWLRQV��SROLWLFV�DQG

ZRUOGYLHZV��$FFRUGLQJ�WR�,PDJH1HW��IRU�H[DPSOH��6LJRXUQH\�:HDYHU�LV�D�ÑKHUPDSKURGLWHÒ��D�\RXQJ�PDQ

ZHDULQJ�D�VWUDZ�KDW�LV�D�ÑWRVVHUÒ��DQG�D�\RXQJ�ZRPDQ�O\LQJ�RQ�D�EHDFK�WRZHO�LV�D�ÑNOHSWRPDQLDFÒ��%XW�WKH

ZRUOGYLHZ�RI�,PDJH1HW�LVQÒW�OLPLWHG�WR�WKH�EL]DUUH�RU�GHURJDWRU\�FRQMRLQLQJ�RI�SLFWXUHV�DQG�ODEHOV�

2WKHU�DVVXPSWLRQV�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�SLFWXUHV�DQG�FRQFHSWV�UHFDOO�SK\VLRJQRP\��WKH

SVHXGRVFLHQWLILF�DVVXPSWLRQ�WKDW�VRPHWKLQJ�DERXW�D�SHUVRQÒV�HVVHQWLDO�FKDUDFWHU�FDQ�EH�JOHDQHG�E\

REVHUYLQJ�IHDWXUHV�RI�WKHLU�ERG\�DQG�IDFH��,PDJH1HW�WDNHV�WKLV�WR�DQ�H[WUHPH��DVVXPLQJ�WKDW�ZKHWKHU

VRPHRQH�LV�D�ÑGHEWRUÒ��D�ÑVQREÒ��D�ÑVZLQJHUÒ��RU�D�ÑVODYÒ�FDQ�EH�GHWHUPLQHG�E\�LQVSHFWLQJ�WKHLU�SKRWRJUDSK��,Q

WKH�ZHLUG�PHWDSK\VLFV�RI�,PDJH1HW��WKHUH�DUH�VHSDUDWH�LPDJH�FDWHJRULHV�IRU�ÑDVVLVWDQW�SURIHVVRUÒ�DQG

ÑDVVRFLDWH�SURIHVVRUÒ���DV�WKRXJK�LI�VRPHRQH�ZHUH�WR�JHW�D�SURPRWLRQ��WKHLU�ELRPHWULF�VLJQDWXUH�ZRXOG

UHIOHFW�WKH�FKDQJH�LQ�UDQN�

2I�FRXUVH��WKHVH�VRUWV�RI�DVVXPSWLRQV�KDYH�WKHLU�RZQ�GDUN�KLVWRULHV�DQG�DWWHQGDQW�SROLWLFV�

87.��0DNLQJ�5DFH�DQG�*HQGHU�IURP�<RXU�)DFH

,Q�������WKH�PDWKHPDWLFLDQ�)UDQF"RLV�$UDJR�FODLPHG�WKDW�WKURXJK�SKRWRJUDSKV��ÑREMHFWV�SUHVHUYH

PDWKHPDWLFDOO\�WKHLU�IRUPVÒ�>��@�3ODFHG�LQWR�WKH�QLQHWHHQWK�FHQWXU\�FRQWH[W�RI�LPSHULDOLVP�DQG�VRFLDO

'DUZLQLVP��SKRWRJUDSK\�KHOSHG�WR�DQLPDWH���DQG�OHQG�D�ÑVFLHQWLILFÒ�YHQHHU�WR���YDULRXV�IRUPV�RI

SKUHQRORJ\��SK\VLRJQRP\��DQG�HXJHQLFV�>��@�3K\VLRJQRPLVWV�VXFK�DV�)UDQFLV�*DOWRQ�DQG�&HVDUH

/RPEURVR�FUHDWHG�FRPSRVLWH�LPDJHV�RI�FULPLQDOV��VWXGLHG�WKH�IHHW�RI�SURVWLWXWHV��PHDVXUHG�VNXOOV�DQG

FRPSLOHG�PHWLFXORXV�DUFKLYHV�RI�ODEHOOHG�LPDJHV�DQG�PHDVXUHPHQWV��DOO�LQ�DQ�HIIRUW�WR�XVH�ÑPHFKDQLFDOÒ
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SURFHVVHV�WR�GHWHFW�YLVXDO�VLJQDOV�LQ�FODVVLILFDWLRQV�RI�UDFH��FULPLQDOLW\�DQG�GHYLDQFH�IURP�ERXUJHRLV�LGHDOV�

7KLV�ZDV�GRQH�WR�FDSWXUH�DQG�SDWKRORJLVH�ZKDW�ZDV�VHHQ�DV�GHYLDQW�RU�FULPLQDO�EHKDYLRXU��DQG�PDNH�VXFK

EHKDYLRXU�REVHUYDEOH�LQ�WKH�ZRUOG�

$QG�DV�ZH�VKDOO�VHH��QRW�RQO\�KDYH�WKH�XQGHUO\LQJ�DVVXPSWLRQV�RI�SK\VLRJQRP\�PDGH�D�FRPHEDFN

ZLWK�FRQWHPSRUDU\�WUDLQLQJ�VHWV��EXW�D�QXPEHU�RI�WUDLQLQJ�VHWV�DUH�GHVLJQHG�WR�XVH�DOJRULWKPV�DQG�IDFLDO

ODQGPDUNV�DV�ODWWHU�GD\�FDOLSHUV�WR�FRQGXFW�FRQWHPSRUDU\�YHUVLRQV�RI�FUDQLRPHWU\�

)RU�H[DPSOH��WKH�87.)DFH�GDWDVHW��SURGXFHG�E\�D�JURXS�DW�WKH�8QLYHUVLW\�RI�7HQQHVVHH�DW�.QR[YLOOH�

FRQVLVWV�RI�RYHU��������LPDJHV�RI�IDFHV�ZLWK�DQQRWDWLRQV�IRU�DJH��JHQGHU�DQG�UDFH��7KH�GDWDVHWÒV�DXWKRUV

VWDWH�WKDW�WKH�GDWDVHW�FDQ�EH�XVHG�IRU�D�YDULHW\�RI�WDVNV��OLNH�DXWRPDWHG�IDFH�GHWHFWLRQ��DJH�HVWLPDWLRQ�DQG

DJH�SURJUHVVLRQ�>��@

87.)DFH�'DWDVHW

7KH�DQQRWDWLRQV�IRU�HDFK�LPDJH�LQFOXGH�DQ�HVWLPDWHG�DJH�IRU�HDFK�SHUVRQ��H[SUHVVHG�LQ�\HDUV�IURP

]HUR�WR������*HQGHU�LV�D�ELQDU\�FKRLFH��HLWKHU�]HUR�IRU�PDOH�RU�RQH�IRU�IHPDOH��6HFRQG��UDFH�LV�FDWHJRULVHG

IURP�]HUR�WR�IRXU��DQG�SODFHV�SHRSOH�LQ�RQH�RI�ILYH�FODVVHV��:KLWH��%ODFN��$VLDQ��,QGLDQ��RU�Ñ2WKHUVÒ�

7KH�SROLWLFV�KHUH�DUH�DV�REYLRXV�DV�WKH\�DUH�WURXEOLQJ��$W�WKH�FDWHJRU\�OHYHO��WKH�UHVHDUFKHUVÒ

FRQFHSWLRQ�RI�JHQGHU�LV�DV�D�VLPSOH�ELQDU\�VWUXFWXUH��ZLWK�ÑPDOHÒ�DQG�ÑIHPDOHÒ�WKH�RQO\�DOWHUQDWLYHV��$W�WKH

OHYHO�RI�WKH�LPDJH�ODEHO�LV�WKH�DVVXPSWLRQ�WKDW�VRPHRQHÒV�JHQGHU�LGHQWLW\�FDQ�EH�DVFHUWDLQHG�WKURXJK�D

SKRWRJUDSK�
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&ODVVLILFDWLRQ�VFKHPH�XVHG�LQ�87.)DFH�'DWDVHW

7KH�FODVVLILFDWRU\�VFKHPD�IRU�UDFH�UHFDOOV�PDQ\�RI�WKH�GHHSO\�SUREOHPDWLF�UDFLDO�FODVVLILFDWLRQV�RI�WKH

WZHQWLHWK�FHQWXU\��)RU�H[DPSOH��WKH�6RXWK�$IULFDQ�DSDUWKHLG�UHJLPH�VRXJKW�WR�FODVVLI\�WKH�HQWLUH

SRSXODWLRQ�LQWR�IRXU�FDWHJRULHV��%ODFN��:KLWH��&RORXUHG��RU�,QGLDQ�>��@�$URXQG�������WKH�6RXWK�$IULFDQ

JRYHUQPHQW�FUHDWHG�D�XQLILHG�ÑLGHQWLW\�SDVVERRNÒ�FDOOHG�7KH�%RRN�RI�/LIH��ZKLFK�OLQNHG�WR�D�FHQWUDOO\

PDQDJHG�GDWDEDVH�FUHDWHG�E\�,%0��7KHVH�FODVVLILFDWLRQV�ZHUH�EDVHG�RQ�GXELRXV�DQG�VKLIWLQJ�FULWHULD�RI

ÑDSSHDUDQFH�DQG�JHQHUDO�DFFHSWDQFH�RU�UHSXWHÒ��DQG�PDQ\�SHRSOH�ZHUH�UHFODVVLILHG��VRPHWLPHV�PXOWLSOH

WLPHV��>��@�7KH�6RXWK�$IULFDQ�V\VWHP�RI�UDFLDO�FODVVLILFDWLRQ�ZDV�LQWHQWLRQDOO\�YHU\�GLIIHUHQW�IURP�WKH

$PHULFDQ�ÑRQH�GURSÒ�UXOH��ZKLFK�VWDWHG�WKDW�HYHQ�RQH�DQFHVWRU�RI�$IULFDQ�GHVFHQW�PDGH�VRPHERG\�%ODFN�

OLNHO\�EHFDXVH�QHDUO\�DOO�ZKLWH�6RXWK�$IULFDQV�KDG�VRPH�WUDFHDEOH�EODFN�$IULFDQ�DQFHVWU\�>��@�$ERYH�DOO�

WKHVH�V\VWHPV�RI�FODVVLILFDWLRQV�FDXVHG�HQRUPRXV�KDUP�WR�SHRSOH��DQG�WKH�HOXVLYH�FODVVLILHU�RI�D�SXUH�ÑUDFHÒ

VLJQLILHU�ZDV�DOZD\V�LQ�GLVSXWH��+RZHYHU��VHHNLQJ�WR�LPSURYH�PDWWHUV�E\�SURGXFLQJ�ÑPRUH�GLYHUVHÒ�$,

WUDLQLQJ�VHWV�SUHVHQWV�LWV�RZQ�FRPSOLFDWLRQV�

,%0Ò6�'LYHUVLW\�LQ�)DFHV

,%0ÒV�Ñ'LYHUVLW\�LQ�)DFHVÒ�GDWDVHW�ZDV�FUHDWHG�DV�D�UHVSRQVH�WR�FULWLFV�ZKR�KDG�VKRZQ�WKDW�WKH

FRPSDQ\ÒV�IDFLDO�UHFRJQLWLRQ�VRIWZDUH�RIWHQ�VLPSO\�GLG�QRW�UHFRJQLVH�WKH�IDFHV�RI�SHRSOH�ZLWK�GDUNHU

VNLQ�>��@�,%0�SXEOLFO\�SURPLVHG�WR�LPSURYH�WKHLU�IDFLDO�UHFRJQLWLRQ�GDWDVHWV�WR�PDNH�WKHP�PRUH

ÑUHSUHVHQWDWLYHÒ�DQG�SXEOLVKHG�WKH�Ñ'LYHUVLW\�LQ�)DFHVÒ��'L)��GDWDVHW�DV�D�UHVXOW�>��@�&RQVWUXFWHG�WR�EH�ÑD

FRPSXWDWLRQDOO\�SUDFWLFDO�EDVLV�IRU�HQVXULQJ�IDLUQHVV�DQG�DFFXUDF\�LQ�IDFH�UHFRJQLWLRQÒ��WKH�'L)�FRQVLVWV�RI

DOPRVW�D�PLOOLRQ�LPDJHV�RI�SHRSOH�SXOOHG�IURP�WKH�<DKRR��)OLFNU�&UHDWLYH�&RPPRQV�GDWDVHW��DVVHPEOHG

VSHFLILFDOO\�WR�DFKLHYH�VWDWLVWLFDO�SDULW\�DPRQJ�FDWHJRULHV�RI�VNLQ�WRQH��IDFLDO�VWUXFWXUH��DJH�DQG�JHQGHU�>��@

7KH�GDWDVHW�LWVHOI�FRQWLQXHG�WKH�SUDFWLFH�RI�FROOHFWLQJ�KXQGUHGV�RI�WKRXVDQGV�RI�LPDJHV�RI

XQVXVSHFWLQJ�SHRSOH�ZKR�KDG�XSORDGHG�SLFWXUHV�WR�VLWHV�OLNH�)OLFNU�>��@�%XW�WKH�GDWDVHW�FRQWDLQV�D�XQLTXH

VHW�RI�FDWHJRULHV�QRW�SUHYLRXVO\�VHHQ�LQ�RWKHU�IDFH�LPDJH�GDWDVHWV��7KH�,%0�'L)�WHDP�DVNV�ZKHWKHU�DJH�

JHQGHU�DQG�VNLQ�FRORXU�DUH�WUXO\�VXIILFLHQW�LQ�JHQHUDWLQJ�D�GDWDVHW�WKDW�FDQ�HQVXUH�IDLUQHVV�DQG�DFFXUDF\

DQG�FRQFOXGHV�WKDW�HYHQ�PRUH�FODVVLILFDWLRQV�DUH�QHHGHG��6R�WKH\�PRYH�LQWR�WUXO\�VWUDQJH�WHUULWRU\�

LQFOXGLQJ�IDFLDO�V\PPHWU\�DQG�VNXOO�VKDSHV�WR�EXLOG�D�FRPSOHWH�SLFWXUH�RI�WKH�IDFH��7KH�UHVHDUFKHUV�FODLP

WKDW�WKH�XVH�RI�FUDQLRIDFLDO�IHDWXUHV�LV�MXVWLILHG�EHFDXVH�LW�FDSWXUHV�PXFK�PRUH�JUDQXODU�LQIRUPDWLRQ�DERXW

D�SHUVRQ
V�IDFH�WKDQ�MXVW�JHQGHU��DJH�DQG�VNLQ�FRORXU�DORQH��7KH�SDSHU�DFFRPSDQ\LQJ�WKH�GDWDVHW

VSHFLILFDOO\�KLJKOLJKWV�SULRU�ZRUN�GRQH�WR�VKRZ�WKDW�VNLQ�FRORXU�LV�LWVHOI�D�ZHDN�SUHGLFWRU�RI�UDFH��EXW�WKLV

EHJV�WKH�TXHVWLRQ�RI�ZK\�PRYLQJ�WR�VNXOO�VKDSHV�LV�DSSURSULDWH�

&UDQLRPHWU\�ZDV�D�OHDGLQJ�PHWKRGRORJLFDO�DSSURDFK�RI�ELRORJLFDO�GHWHUPLQLVP�GXULQJ�WKH

QLQHWHHQWK�FHQWXU\��$V�6WHSKHQ�-D\�*RXOG�VKRZV�LQ�KLV�ERRN�7KH�0LVPHDVXUH�RI�0DQ��VNXOO�VL]H�ZDV�XVHG
E\�QLQHWHHQWK��DQG�WZHQWLHWK�FHQWXU\�SVHXGRVFLHQWLVWV�DV�D�VSXULRXV�ZD\�WR�FODLP�LQKHUHQW�VXSHULRULW\�RI

ZKLWH�SHRSOH�RYHU�EODFN�SHRSOH��DQG�GLIIHUHQW�VNXOO�VKDSHV�DQG�ZHLJKWV�ZHUH�VDLG�WR�GHWHUPLQH�SHRSOHÒV

LQWHOOLJHQFH���DOZD\V�DORQJ�UDFLDO�OLQHV�>��@
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,%0
V�'LYHUVLW\�LQ�)DFHV

:KLOH�WKH�HIIRUWV�RI�FRPSDQLHV�WR�EXLOG�PRUH�GLYHUVH�WUDLQLQJ�VHWV�LV�RIWHQ�SXW�LQ�WKH�ODQJXDJH�RI

LQFUHDVLQJ�ÑIDLUQHVVÒ�DQG�ÑPLWLJDWLQJ�ELDVÒ��FOHDUO\�WKHUH�DUH�VWURQJ�EXVLQHVV�LPSHUDWLYHV�WR�SURGXFH�WRROV

WKDW�ZLOO�ZRUN�PRUH�HIIHFWLYHO\�DFURVV�ZLGHU�PDUNHWV��+RZHYHU��KHUH�WRR�WKH�WHFKQLFDO�SURFHVV�RI

FDWHJRULVLQJ�DQG�FODVVLI\LQJ�SHRSOH�LV�VKRZQ�WR�EH�D�SROLWLFDO�DFW��)RU�H[DPSOH��KRZ�LV�D�ÑIDLUÒ�GLVWULEXWLRQ

DFKLHYHG�ZLWKLQ�WKH�GDWDVHW"

,%0�GHFLGHG�WR�XVH�D�PDWKHPDWLFDO�DSSURDFK�WR�TXDQWLI\LQJ�ÑGLYHUVLW\Ò�DQG�ÑHYHQQHVVÒ��VR�WKDW�D

FRQVLVWHQW�PHDVXUH�RI�HYHQQHVV�H[LVWV�WKURXJKRXW�WKH�GDWDVHW�IRU�HYHU\�IHDWXUH�TXDQWLILHG��7KH�GDWDVHW

DOVR�FRQWDLQV�VXEMHFWLYH�DQQRWDWLRQV�IRU�DJH�DQG�JHQGHU��ZKLFK�DUH�JHQHUDWHG�XVLQJ�WKUHH�LQGHSHQGHQW

$PD]RQ�7XUN�ZRUNHUV�IRU�HDFK�LPDJH��VLPLODU�WR�WKH�PHWKRGV�XVHG�E\�,PDJH1HW�>��@�6R�SHRSOHÒV�JHQGHU

DQG�DJH�DUH�EHLQJ�ÑSUHGLFWHGÒ�EDVHG�RQ�WKUHH�FOLFNZRUNHUVÒ�JXHVVHV�DERXW�ZKDWÒV�VKRZQ�LQ�D�SKRWRJUDSK

VFUDSHG�IURP�WKH�LQWHUQHW��,W�KDUNHQV�EDFN�WR�WKH�HDUO\�FDUQLYDO�JDPH�RI�Ñ*XHVV�<RXU�:HLJKW�Ò��ZLWK�VLPLODU

OHYHOV�RI�VFLHQWLILF�YDOLGLW\�

8OWLPDWHO\��EH\RQG�WKHVH�GHHS�PHWKRGRORJLFDO�FRQFHUQV��WKH�FRQFHSW�DQG�SROLWLFDO�KLVWRU\�RI

GLYHUVLW\�LV�EHLQJ�GUDLQHG�RI�LWV�PHDQLQJ�DQG�OHIW�WR�UHIHU�PHUHO\�WR�H[SDQGHG�ELRORJLFDO

SKHQRW\SLQJ��'LYHUVLW\�LQ�WKLV�FRQWH[W�MXVW�PHDQV�D�ZLGHU�UDQJH�RI�VNXOO�VKDSHV�DQG�IDFLDO

V\PPHWULHV��)RU�FRPSXWHU�YLVLRQ�UHVHDUFKHUV��WKLV�PD\�VHHP�OLNH�D�ÑPDWKHPDWL]DWLRQ�RI�IDLUQHVVÒ��EXW�LW

VLPSO\�VHUYHV�WR�LPSURYH�WKH�HIILFLHQF\�RI�VXUYHLOODQFH�V\VWHPV��$QG�HYHQ�DIWHU�DOO�WKHVH�DWWHPSWV�DW

H[SDQGLQJ�WKH�ZD\V�ZKLFK�SHRSOH�DUH�FODVVLILHG��WKH�'LYHUVLW\�LQ�)DFHV�VHW�VWLOO�UHOLHV�RQ�D�ELQDU\

FODVVLILFDWLRQ�IRU�JHQGHU��SHRSOH�FDQ�RQO\�EH�ODEHOOHG�PDOH�RU�IHPDOH��$FKLHYLQJ�SDULW\�DPRQJVW�GLIIHUHQW

FDWHJRULHV�LV�QRW�WKH�VDPH�DV�DFKLHYLQJ�GLYHUVLW\�RU�IDLUQHVV��DQG�,%0ÒV�GDWD�FRQVWUXFWLRQ�DQG�DQDO\VLV
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SHUSHWXDWHV�D�KDUPIXO�VHW�RI�FODVVLILFDWLRQV�ZLWKLQ�D�QDUURZ�ZRUOGYLHZ�

(SLVWHPLFV�RI�7UDLQLQJ�6HWV

:KDW�DUH�WKH�DVVXPSWLRQV�XQGHUJLUGLQJ�YLVXDO�$,�V\VWHPV"�)LUVW��WKH�XQGHUO\LQJ�WKHRUHWLFDO�SDUDGLJP

RI�WKH�WUDLQLQJ�VHWV�DVVXPHV�WKDW�FRQFHSWV���ZKHWKHU�ÑFRUQÒ��ÑJHQGHUÒ��ÑHPRWLRQVÒ�RU�ÑORVHUVÒ���H[LVW�LQ�WKH�ILUVW

SODFH��DQG�WKDW�WKRVH�FRQFHSWV�DUH�IL[HG��XQLYHUVDO��DQG�KDYH�VRPH�VRUW�RI�WUDQVFHQGHQWDO�JURXQGLQJ�DQG

LQWHUQDO�FRQVLVWHQF\��6HFRQG��LW�DVVXPHV�D�IL[HG�DQG�XQLYHUVDO�FRUUHVSRQGHQFH�EHWZHHQ�LPDJHV�DQG

FRQFHSWV��DSSHDUDQFHV�DQG�HVVHQFHV��:KDWÒV�PRUH��LW�DVVXPHV�XQFRPSOLFDWHG��VHOI��HYLGHQW�DQG

PHDVXUDEOH�WLHV�EHWZHHQ�LPDJHV��UHIHUHQWV�DQG�ODEHOV��,Q�RWKHU�ZRUGV��LW�DVVXPHV�WKDW�GLIIHUHQW�FRQFHSWV��

ZKHWKHU�ÑFRUQÒ�RU�ÑNOHSWRPDQLDFVÒ���KDYH�VRPH�NLQG�RI�HVVHQFH�WKDW�XQLWHV�HDFK�LQVWDQFH�RI�WKHP��DQG�WKDW

WKDW�XQGHUO\LQJ�HVVHQFH�H[SUHVVHV�LWVHOI�YLVXDOO\��0RUHRYHU��WKH�WKHRU\�JRHV��WKDW�YLVXDO�HVVHQFH�LV

GLVFHUQLEOH�E\�XVLQJ�VWDWLVWLFDO�PHWKRGV�WR�ORRN�IRU�IRUPDO�SDWWHUQV�DFURVV�D�FROOHFWLRQ�RI�ODEHOHG�LPDJHV�

,PDJHV�RI�SHRSOH�GXEEHG�ÑORVHUVÒ��WKH�WKHRU\�JRHV��FRQWDLQ�VRPH�NLQG�RI�YLVXDO�SDWWHUQ�WKDW�GLVWLQJXLVKHV

WKHP�IURP��VD\��ÑIDUPHUVÒ��ÑDVVLVWDQW�SURIHVVRUVÒ��RU��IRU�WKDW�PDWWHU��DSSOHV��)LQDOO\��WKLV�DSSURDFK�DVVXPHV

WKDW�DOO�FRQFUHWH�QRXQV�DUH�FUHDWHG�HTXDOO\��DQG�WKDW�PDQ\�DEVWUDFW�QRXQV�DOVR�H[SUHVV�WKHPVHOYHV

FRQFUHWHO\�DQG�YLVXDOO\��L�H���ÑKDSSLQHVVÒ�RU�ÑDQWL��6HPLWLVP��

7KH�WUDLQLQJ�VHWV�RI�ODEHOOHG�LPDJHV�WKDW�DUH�XELTXLWRXV�LQ�FRQWHPSRUDU\�FRPSXWHU�YLVLRQ�DQG�$,�DUH

EXLOW�RQ�D�IRXQGDWLRQ�RI�XQVXEVWDQWLDWHG�DQG�XQVWDEOH�HSLVWHPRORJLFDO�DQG�PHWDSK\VLFDO�DVVXPSWLRQV

DERXW�WKH�QDWXUH�RI�LPDJHV��ODEHOV��FDWHJRULVDWLRQ�DQG�UHSUHVHQWDWLRQ��)XUWKHUPRUH��WKRVH�HSLVWHPRORJLFDO

DQG�PHWDSK\VLFDO�DVVXPSWLRQV�KDUN�EDFN�WR�KLVWRULFDO�DSSURDFKHV�ZKHUH�SHRSOH�ZHUH�YLVXDOO\�DVVHVVHG

DQG�FODVVLILHG�DV�D�WRRO�RI�RSSUHVVLRQ�DQG�UDFH�VFLHQFH�

'DWDVHWV�DUHQÒW�VLPSO\�UDZ�PDWHULDOV�WR�IHHG�DOJRULWKPV��EXW�DUH�SROLWLFDO�LQWHUYHQWLRQV��$V�VXFK�

PXFK�RI�WKH�GLVFXVVLRQ�DURXQG�ÑELDVÒ�LQ�$,�V\VWHPV�PLVVHV�WKH�PDUN��WKHUH�LV�QR�ÑQHXWUDOÒ��ÑQDWXUDOÒ��RU

ÑDSROLWLFDOÒ�YDQWDJH�SRLQW�WKDW�WUDLQLQJ�GDWD�FDQ�EH�EXLOW�XSRQ��7KHUH�LV�QR�HDV\�WHFKQLFDO�ÑIL[Ò�E\�VKLIWLQJ

GHPRJUDSKLFV��GHOHWLQJ�RIIHQVLYH�WHUPV��RU�VHHNLQJ�HTXDO�UHSUHVHQWDWLRQ�E\�VNLQ�WRQH��7KH�ZKROH

HQGHDYRXU�RI�FROOHFWLQJ�LPDJHV��FDWHJRULVLQJ�WKHP��DQG�ODEHOOLQJ�WKHP�LV�LWVHOI�D�IRUP�RI�SROLWLFV��ILOOHG�ZLWK

TXHVWLRQV�DERXW�ZKR�JHWV�WR�GHFLGH�ZKDW�LPDJHV�PHDQ�DQG�ZKDW�NLQGV�RI�VRFLDO�DQG�SROLWLFDO�ZRUN�WKRVH

UHSUHVHQWDWLRQV�SHUIRUP�

0LVVLQJ�3HUVRQV

,Q�-DQXDU\�������LPDJHV�LQ�,PDJH1HWÒV�Ñ3HUVRQÒ�FDWHJRU\�EHJDQ�GLVDSSHDULQJ��6XGGHQO\������PLOOLRQ

SKRWRV�ZHUH�QR�ORQJHU�DFFHVVLEOH�RQ�6WDQIRUG�8QLYHUVLW\ÒV�VHUYHUV��*RQH�ZHUH�WKH�SLFWXUHV�RI

FKHHUOHDGHUV��VFXED�GLYHUV��ZHOGHUV��DOWDU�ER\V��UHWLUHHV�DQG�SLORWV��7KH�SLFWXUH�RI�D�PDQ�GULQNLQJ�EHHU

FKDUDFWHULVHG�DV�DQ�ÑDOFRKROLFÒ�GLVDSSHDUHG��DV�GLG�WKH�SLFWXUHV�RI�D�ZRPDQ�LQ�D�ELNLQL�GXEEHG�D�ÑVODWWHUQÒ

DQG�D�\RXQJ�ER\�FODVVLILHG�DV�D�ÑORVHUÒ��7KH�SLFWXUH�RI�D�PDQ�HDWLQJ�D�VDQGZLFK��ODEHOOHG�D�ÑVHOILVK�SHUVRQÒ�

PHW�WKH�VDPH�IDWH��:KHQ�\RX�VHDUFK�IRU�WKHVH�LPDJHV��WKH�,PDJH1HW�ZHEVLWH�UHVSRQGV�ZLWK�D�VWDWHPHQW

WKDW�LW�LV�XQGHU�PDLQWHQDQFH��DQG�RQO\�WKH�FDWHJRULHV�XVHG�LQ�WKH�,PDJH1HW�FRPSHWLWLRQ�DUH�VWLOO�LQFOXGHG�LQ

WKH�VHDUFK�UHVXOWV�

%XW�RQFH�LW�FDPH�EDFN�RQOLQH��WKH�VHDUFK�IXQFWLRQDOLW\�RQ�WKH�VLWH�ZDV�PRGLILHG�VR�WKDW�LW�ZRXOG�RQO\

UHWXUQ�UHVXOWV�IRU�FDWHJRULHV�WKDW�KDG�EHHQ�LQFOXGHG�LQ�,PDJH1HWÒV�DQQXDO�FRPSXWHU�YLVLRQ�FRQWHVW��$V�RI

WKLV�ZULWLQJ��WKH�Ñ3HUVRQÒ�FDWHJRU\�LV�VWLOO�EURZVDEOH�IURP�WKH�GDWD�VHWÒV�RQOLQH�LQWHUIDFH��EXW�WKH�LPDJHV�IDLO

WR�ORDG��7KH�85/V�IRU�WKH�RULJLQDO�LPDJHV�DUH�VWLOO�GRZQORDGDEOH�>��@

2YHU�WKH�QH[W�IHZ�PRQWKV��RWKHU�LPDJH�FROOHFWLRQV�XVHG�LQ�FRPSXWHU�YLVLRQ�DQG�$,�UHVHDUFK�DOVR

EHJDQ�WR�GLVDSSHDU��,Q�UHVSRQVH�WR�UHVHDUFK�SXEOLVKHG�E\�$GDP�+DUYH\�DQG�-XOHV�/D3ODFH�>��@�'XNH

8QLYHUVLW\�WRRN�GRZQ�D�PDVVLYH�SKRWR�UHSRVLWRU\�RI�VXUYHLOODQFH�FDPHUD�IRRWDJH�RI�VWXGHQWV�DWWHQGLQJ

FODVVHV��FDOOHG�WKH�'XNH�0XOWL�7DUJHW��0XOWL�&DPHUD�>070&@�GDWDVHW���,W�WXUQHG�RXW�WKDW�WKH�DXWKRUV�RI�WKH

GDWDVHW�KDG�YLRODWHG�WKH�WHUPV�RI�WKHLU�,QVWLWXWLRQDO�5HYLHZ�%RDUG�DSSURYDO�E\�FROOHFWLQJ�LPDJHV�IURP

SHRSOH�LQ�SXEOLF�VSDFH��DQG�E\�PDNLQJ�WKHLU�GDWDVHW�SXEOLFO\�DYDLODEOH��>��@

6LPLODU�GDWDVHWV�FUHDWHG�IURP�VXUYHLOODQFH�IRRWDJH�GLVDSSHDUHG�IURP�VHUYHUV�DW�WKH�8QLYHUVLW\�RI
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&RORUDGR�&RORUDGR�6SULQJV��DQG�PRUH�IURP�6WDQIRUG�8QLYHUVLW\��ZKHUH�D�FROOHFWLRQ�RI�IDFHV�FXOOHG�IURP�D

ZHEFDP�LQVWDOOHG�DW�6DQ�)UDQFLVFRÒV�LFRQLF�%UDLQZDVK�&DIH�ZDV�ÑUHPRYHG�IURP�DFFHVV�DW�WKH�UHTXHVW�RI�WKH

GHSRVLWRUÒ�>��@

%\�HDUO\�-XQH��0LFURVRIW�KDG�IROORZHG�VXLW��UHPRYLQJ�WKHLU�ODQGPDUN�Ô06�&(/(%Õ�FROOHFWLRQ�RI

DSSUR[LPDWHO\�WHQ�PLOOLRQ�SKRWRV�IURP���������SHRSOH�VFUDSHG�IURP�WKH�LQWHUQHW�LQ�������,W�ZDV�WKH�ODUJHVW

SXEOLF�IDFLDO��UHFRJQLWLRQ�GDWDVHW�LQ�WKH�ZRUOG��DQG�WKH�SHRSOH�LQFOXGHG�ZHUH�QRW�MXVW�IDPRXV�DFWRUV�DQG

SROLWLFLDQV��EXW�DOVR�MRXUQDOLVWV��DFWLYLVWV��SROLF\�PDNHUV��DFDGHPLFV��DQG�DUWLVWV�>��@�,URQLFDOO\��VHYHUDO�RI

WKH�SHRSOH�ZKR�KDG�EHHQ�LQFOXGHG�LQ�WKH�VHW�ZLWKRXW�DQ\�FRQVHQW�DUH�NQRZQ�IRU�WKHLU�ZRUN�FULWLTXLQJ

VXUYHLOODQFH�DQG�IDFLDO�UHFRJQLWLRQ�LWVHOI��LQFOXGLQJ�ILOPPDNHU�/DXUD�3RLWUDV��GLJLWDO�ULJKWV�DFWLYLVW�-LOOLDQ

<RUN��FULWLF�(YJHQ\�0RUR]RY�DQG�DXWKRU�RI�6XUYHLOODQFH�&DSLWDOLVP�6KRVKDQD�=XERII��$IWHU�DQ�LQYHVWLJDWLRQ
LQ�WKH�)LQDQFLDO�7LPHV�EDVHG�RQ�+DUYH\�DQG�/D3ODFHÒV�ZRUN�ZDV�SXEOLVKHG��WKH�VHW�GLVDSSHDUHG��>��@�$
VSRNHVSHUVRQ�IRU�0LFURVRIW�FODLPHG�VLPSO\�WKDW�LW�ZDV�UHPRYHG�ÑEHFDXVH�WKH�UHVHDUFK�FKDOOHQJH�LV

RYHUÒ�>��@

06�&(/(%�GDWDVHW

2Q�RQH�KDQG��UHPRYLQJ�WKHVH�SUREOHPDWLF�GDWDVHWV�IURP�WKH�LQWHUQHW�PD\�VHHP�OLNH�D�YLFWRU\��7KH

PRVW�REYLRXV�SULYDF\�DQG�HWKLFDO�YLRODWLRQV�DUH�DGGUHVVHG�E\�PDNLQJ�WKHP�QR�ORQJHU�DFFHVVLEOH��+RZHYHU�

WDNLQJ�WKHP�RIIOLQH�GRHVQÒW�VWRS�WKHLU�ZRUN�LQ�WKH�ZRUOG��WKHVH�WUDLQLQJ�VHWV�KDYH�EHHQ�GRZQORDGHG

FRXQWOHVV�WLPHV��DQG�KDYH�PDGH�WKHLU�ZD\�LQWR�PDQ\�SURGXFWLRQ�$,�V\VWHPV�DQG�DFDGHPLF�SDSHUV��%\

HUDVLQJ�WKHP�FRPSOHWHO\��QRW�RQO\�LV�D�VLJQLILFDQW�SDUW�RI�WKH�KLVWRU\�RI�$,�ORVW��EXW�UHVHDUFKHUV�DUH�XQDEOH�WR

VHH�KRZ�WKH�DVVXPSWLRQV��ODEHOV�DQG�FODVVLILFDWRU\�DSSURDFKHV�KDYH�EHHQ�UHSOLFDWHG�LQ�QHZ�V\VWHPV��RU

WUDFH�WKH�SURYHQDQFH�RI�VNHZV�DQG�ELDVHV�H[KLELWHG�LQ�ZRUNLQJ�V\VWHPV��)DFLDO�UHFRJQLWLRQ�DQG�HPRWLRQ�

UHFRJQLWLRQ�$,�V\VWHPV�DUH�DOUHDG\�SURSDJDWLQJ�LQWR�KLULQJ��HGXFDWLRQ�DQG�KHDOWKFDUH��7KH\�DUH�SDUW�RI

VHFXULW\�FKHFNV�DW�DLUSRUWV�DQG�LQWHUYLHZ�SURWRFROV�DW�)RUWXQH�����FRPSDQLHV��1RW�EHLQJ�DEOH�WR�VHH�WKH

EDVLV�RQ�ZKLFK�$,�V\VWHPV�DUH�WUDLQHG�UHPRYHV�DQ�LPSRUWDQW�IRUHQVLF�PHWKRG�WR�XQGHUVWDQG�KRZ�WKH\

ZRUN��7KLV�KDV�VHULRXV�FRQVHTXHQFHV�

)RU�H[DPSOH��D�UHFHQW�SDSHU�OHG�E\�D�3K'�VWXGHQW�DW�WKH�8QLYHUVLW\�RI�&DPEULGJH�LQWURGXFHG�D�UHDO�

WLPH�GURQH�VXUYHLOODQFH�V\VWHP�WR�LGHQWLI\�YLROHQW�LQGLYLGXDOV�LQ�SXEOLF�DUHDV��,W�LV�WUDLQHG�RQ�GDWDVHWV�RI
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ÑYLROHQW�EHKDYLRXUÒ�DQG�XVHV�WKRVH�PRGHOV�IRU�GURQH�VXUYHLOODQFH�V\VWHPV�WR�GHWHFW�DQG�LVRODWH�YLROHQW

EHKDYLRXU�LQ�FURZGV��7KH�WHDP�FUHDWHG�WKH�$HULDO�9LROHQW�,QGLYLGXDO��$9,��'DWDVHW��ZKLFK�FRQVLVWV�RI������

LPDJHV�RI�SHRSOH�HQJDJHG�LQ�ILYH�DFWLYLWLHV��SXQFKLQJ��VWDEELQJ��VKRRWLQJ��NLFNLQJ�DQG�VWUDQJOLQJ��,Q�RUGHU

WR�WUDLQ�WKHLU�$,��WKH\�DVNHG�WZHQW\�ILYH�YROXQWHHUV�EHWZHHQ�WKH�DJHV�RI�HLJKWHHQ�DQG�WZHQW\�ILYH�WR�PLPLF

WKHVH�DFWLRQV��:DWFKLQJ�WKH�YLGHRV�LV�DOPRVW�FRPLF��7KH�DFWRUV�VWDQG�IDU�DSDUW�DQG�SHUIRUP�VWUDQJHO\

H[DJJHUDWHG�JHVWXUHV��,W�ORRNV�OLNH�D�FKLOGUHQÒV�SDQWRPLPH��RU�EDGO\�PRGHOOHG�JDPH�FKDUDFWHUV�>��@�7KH

IXOO�GDWDVHW�LV�QRW�DYDLODEOH�IRU�WKH�SXEOLF�WR�GRZQORDG��7KH�OHDG�UHVHDUFKHU��$PDUMRW�6LQJK��QRZ�DW

6WDQIRUG�8QLYHUVLW\���VDLG�KH�SODQV�WR�WHVW�WKH�$,�V\VWHP�E\�IO\LQJ�GURQHV�RYHU�WZR�PDMRU�IHVWLYDOV��DQG

SRWHQWLDOO\�DW�QDWLRQDO�ERUGHUV�LQ�,QGLD��>��@�>��@

$Q�DUFKHRORJLFDO�DQDO\VLV�RI�WKH�$9,�GDWDVHW���VLPLODU�WR�RXU�DQDO\VHV�RI�,PDJH1HW��-$))(��DQG

'LYHUVLW\�LQ�)DFHV���FRXOG�EH�YHU\�UHYHDOLQJ��7KHUH�LV�FOHDUO\�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�VWDJHG

SHUIRUPDQFHV�RI�YLROHQFH�DQG�UHDO�ZRUOG�FDVHV��7KH�UHVHDUFKHUV�DUH�WUDLQLQJ�GURQHV�WR�UHFRJQLVH

SDQWRPLPHV�RI�YLROHQFH��ZLWK�DOO�RI�WKH�PLVXQGHUVWDQGLQJV�WKDW�PLJKW�FRPH�ZLWK�WKDW��)XUWKHUPRUH��WKH

$9,�GDWDVHW�GRHVQÒW�KDYH�DQ\WKLQJ�IRU�ÑDFWLRQV�WKDW�DUHQÒW�YLROHQFH�EXW�PLJKW�ORRN�OLNH�LWÒ��QHLWKHU�GR�WKH\

SXEOLVK�DQ\�GHWDLOV�DERXW�WKHLU�IDOVH�SRVLWLYH�UDWH��KRZ�RIWHQ�WKHLU�V\VWHP�GHWHFWV�QRQYLROHQW�EHKDYLRU�DV

YLROHQW��>��@�8QWLO�WKHLU�GDWD�LV�UHOHDVHG��LW�LV�LPSRVVLEOH�WR�GR�IRUHQVLF�WHVWLQJ�RQ�KRZ�WKH\�FODVVLI\�DQG

LQWHUSUHW�KXPDQ�ERGLHV��DFWLRQV�RU�LQDFWLRQV�

7KLV�LV�WKH�SUREOHP�RI�LQDFFHVVLEOH�RU�GLVDSSHDULQJ�GDWDVHWV��,I�WKH\�DUH��RU�ZHUH��EHLQJ�XVHG�LQ

V\VWHPV�WKDW�SOD\�D�UROH�LQ�HYHU\GD\�OLIH��LW�LV�LPSRUWDQW�WR�EH�DEOH�WR�VWXG\�DQG�XQGHUVWDQG�WKH�ZRUOGYLHZ

WKH\�QRUPDOLVH��'HYHORSLQJ�IUDPHZRUNV�ZLWKLQ�ZKLFK�IXWXUH�UHVHDUFKHUV�FDQ�DFFHVV�WKHVH�GDWD�VHWV�LQ

ZD\V�WKDW�GRQÒW�SHUSHWXDWH�KDUP�LV�D�WRSLF�IRU�IXUWKHU�ZRUN�

&RQFOXVLRQ��:KR�GHFLGHV"

7KH�/RPEURVLDQ�FULPLQRORJLVWV�DQG�RWKHU�SKUHQRORJLVWV�RI�WKH�HDUO\�WZHQWLHWK�FHQWXU\�GLGQÒW�VHH

WKHPVHOYHV�DV�SROLWLFDO�UHDFWLRQDULHV��2Q�WKH�FRQWUDU\��DV�6WHYHQ�-D\�*RXOG�SRLQWV�RXW��WKH\�WHQGHG�WR�EH

OLEHUDOV�DQG�VRFLDOLVWV�ZKRVH�LQWHQWLRQ�ZDV�ÑWR�XVH�PRGHUQ�VFLHQFH�DV�D�FOHDQVLQJ�EURRP�WR�VZHHS�DZD\

IURP�MXULVSUXGHQFH�WKH�RXWGDWHG�SKLORVRSKLFDO�EDJJDJH�RI�IUHH�ZLOO�DQG�XQPLWLJDWHG�PRUDO

UHVSRQVLELOLW\Ò�>��@�7KH\�EHOLHYHG�WKHLU�DQWKURSRPHWULF�PHWKRG�RI�VWXG\LQJ�FULPLQDOLW\�FRXOG�OHDG�WR�D

PRUH�HQOLJKWHQHG�DSSURDFK�WR�WKH�DSSOLFDWLRQ�RI�MXVWLFH��6RPH�RI�WKHP�WUXO\�EHOLHYHG�WKH\�ZHUH�ÑGH�

ELDVLQJÒ�FULPLQDO�MXVWLFH�V\VWHPV��FUHDWLQJ�ÑIDLUHUÒ�RXWFRPHV�WKURXJK�WKH�DSSOLFDWLRQ�RI�WKHLU�ÑVFLHQWLILFÒ�DQG

ÑREMHFWLYHÒ�PHWKRGV�

$PLG�WKH�KH\GD\�RI�SKUHQRORJ\�DQG�ÑFULPLQDO�DQWKURSRORJ\Ò��WKH�DUWLVW�5HQH"�0DJULWWH�FRPSOHWHG�D

SDLQWLQJ�RI�D�SLSH�DQG�FRXSOHG�LW�ZLWK�WKH�ZRUGV�Ñ&HFL�QÒHVW�SDV�XQH�SLSHÒ��0DJULWWH�FDOOHG�WKH�SDLQWLQJ�/D
WUDKLVRQ�GHV�LPDJHV��Ñ7KH�7UHDFKHU\�RI�,PDJHVÒ��7KDW�VDPH�\HDU��KH�SHQQHG�D�WH[W�LQ�WKH�VXUUHDOLVW

QHZVOHWWHU�/D�5H"YROXWLRQ�VXUUH"DOLVWH��Ñ/HV�PRWV�HW�OHV�LPDJHVÒ�LV�D�SOD\IXO�URPS�WKURXJK�WKH�FRPSOH[LWLHV

DQG�VXEWOHWLHV�RI�LPDJHV��ODEHOV��LFRQV�DQG�UHIHUHQFHV��XQGHUVFRULQJ�WKH�H[WHQW�WR�ZKLFK�WKHUH�LV�QRWKLQJ�DW

DOO�VWUDLJKWIRUZDUG�DERXW�WKH�UHODWLRQVKLS�EHWZHHQ�LPDJHV�DQG�ZRUGV�RU�OLQJXLVWLF�FRQFHSWV��7KH�VHULHV

ZRXOG�FXOPLQDWH�LQ�D�VHULHV�RI�SDLQWLQJV��Ñ7KLV�,V�1RW�DQ�$SSOHÒ�

7KH�FRQWUDVW�EHWZHHQ�0DJULWWH�DQG�WKH�SK\VLRJQRPLVWVÒ�DSSURDFK�WR�UHSUHVHQWDWLRQ�VSHDNV�WR�WZR

YHU\�GLIIHUHQW�FRQFHSWLRQV�RI�WKH�IXQGDPHQWDO�UHODWLRQVKLS�EHWZHHQ�LPDJHV�DQG�WKHLU�ODEHOV��DQG�RI

UHSUHVHQWDWLRQ�LWVHOI��)RU�WKH�SK\VLRJQRPLVWV��WKHUH�ZDV�DQ�XQGHUO\LQJ�IDLWK�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ

DQ�LPDJH�RI�D�SHUVRQ�DQG�WKH�FKDUDFWHU�RI�WKDW�SHUVRQ�ZDV�LQVFULEHG�LQ�WKH�LPDJHV�WKHPVHOYHV��0DJULWWHÒV

DVVXPSWLRQ�ZDV�DOPRVW�GLDPHWULFDOO\�RSSRVHG��WKDW�LPDJHV�LQ�DQG�RI�WKHPVHOYHV�KDYH��DW�EHVW��D�YHU\

XQVWDEOH�UHODWLRQVKLS�WR�WKH�WKLQJV�WKH\�VHHP�WR�UHSUHVHQW��RQH�WKDW�FDQ�EH�VFXOSWHG�E\�ZKRHYHU�KDV�WKH

SRZHU�WR�VD\�ZKDW�D�SDUWLFXODU�LPDJH�PHDQV�

)RU�0DJULWWH��WKH�PHDQLQJ�RI�LPDJHV�LV�UHODWLRQDO��RSHQ�WR�FRQWHVWDWLRQ��$W�ILUVW�EOXVK��KLV�SDLQWLQJ�PLJKW

VHHP�OLNH�D�VLPSOH�VHPLRWLF�VWXQW��EXW�WKH�XQGHUO\LQJ�G\QDPLF�0DJULWWH�XQGHUOLQHV�LQ�WKH�SDLQWLQJ�SRLQWV�WR

D�PXFK�EURDGHU�SROLWLFV�RI�UHSUHVHQWDWLRQ�DQG�VHOI�UHSUHVHQWDWLRQ�
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0HPSKLV�6DQLWDWLRQ�:RUNHUV�6WULNH�RI�����

6WUXJJOHV�IRU�MXVWLFH�KDYH�DOZD\V�EHHQ��LQ�SDUW��VWUXJJOHV�RYHU�WKH�PHDQLQJ�RI�LPDJHV�DQG

UHSUHVHQWDWLRQV��,Q�������$IULFDQ�$PHULFDQ�VDQLWDWLRQ�ZRUNHUV�ZHQW�RQ�VWULNH�WR�SURWHVW�GDQJHURXV�ZRUNLQJ

FRQGLWLRQV�DQG�WHUULEOH�WUHDWPHQW�DW�WKH�KDQGV�RI�0HPSKLVÒV�UDFLVW�JRYHUQPHQW��7KH\�KHOG�XS�VLJQV

UHFDOOLQJ�ODQJXDJH�IURP�WKH�QLQHWHHQWK�FHQWXU\�DEROLWLRQLVW�PRYHPHQW��Ñ,�$0�$�0$1Ò��,Q�WKH�����V��TXHHU�

OLEHUDWLRQ�DFWLYLVWV�DSSURSULDWHG�D�V\PERO�RULJLQDOO\�XVHG�LQ�1D]L�FRQFHQWUDWLRQ�FDPSV�WR�LGHQWLI\�SULVRQHUV

ZKR�KDG�EHHQ�ODEHOHG�DV�KRPRVH[XDO��ELVH[XDO��DQG�WUDQVJHQGHU��7KH�SLQN�WULDQJOH�EHFDPH�D�EDGJH�RI

SULGH��RQH�RI�WKH�PRVW�LFRQLF�V\PEROV�RI�TXHHU�OLEHUDWLRQ�PRYHPHQWV��([DPSOHV�VXFK�DV�WKHVH���RI�SHRSOH

WU\LQJ�WR�GHILQH�WKH�PHDQLQJ�RI�WKHLU�RZQ�UHSUHVHQWDWLRQV���DUH�HYHU\ZKHUH�LQ�VWUXJJOHV�IRU�MXVWLFH�

5HSUHVHQWDWLRQV�DUHQÒW�VLPSO\�FRQILQHG�WR�WKH�VSKHUHV�RI�ODQJXDJH�DQG�FXOWXUH��EXW�KDYH�UHDO�LPSOLFDWLRQV

LQ�WHUPV�RI�ULJKWV��OLEHUWLHV��DQG�IRUPV�RI�VHOI�GHWHUPLQDWLRQ�

7KHUH�LV�PXFK�DW�VWDNH�LQ�WKH�DUFKLWHFWXUH�DQG�FRQWHQWV�RI�WKH�WUDLQLQJ�VHWV�XVHG�LQ�$,��7KH\�FDQ

SURPRWH�RU�GLVFULPLQDWH��DSSURYH�RU�UHMHFW��UHQGHU�YLVLEOH�RU�LQYLVLEOH��MXGJH�RU�HQIRUFH��$QG�VR�ZH�QHHG�WR

H[DPLQH�WKHP���EHFDXVH�WKH\�DUH�DOUHDG\�XVHG�WR�H[DPLQH�XV���DQG�WR�KDYH�D�ZLGHU�SXEOLF�GLVFXVVLRQ�DERXW

WKHLU�FRQVHTXHQFHV��UDWKHU�WKDQ�NHHSLQJ�LW�ZLWKLQ�DFDGHPLF�FRUULGRUV��$V�WUDLQLQJ�VHWV�DUH�LQFUHDVLQJO\�SDUW

RI�RXU�XUEDQ��OHJDO��ORJLVWLFDO��DQG�FRPPHUFLDO�LQIUDVWUXFWXUHV�WKH\�KDYH�DQ�LPSRUWDQW�EXW�XQGHU�H[DPLQHG

UROH��WKH�SRZHU�WR�VKDSH�WKH�ZRUOG�LQ�WKHLU�RZQ�LPDJHV�

&UHGLWV�DQG�$FNQRZOHGJHPHQWV

$XWKRUV��.DWH�&UDZIRUG�DQG�7UHYRU�3DJOHQ

3XEOLVKHG�E\�7KH�$,�1RZ�,QVWLWXWH��1<8��KWWSV���DLQRZLQVWLWXWH�RUJ���

)XOO�FLWDWLRQ��.DWH�&UDZIRUG�DQG�7UHYRU�3DJOHQ��Ô([FDYDWLQJ�$,��7KH�3ROLWLFV�RI�7UDLQLQJ�6HWV�IRU

0DFKLQH�/HDUQLQJ��6HSWHPEHU�����������KWWSV���H[FDYDWLQJ�DL

$FNQRZOHGJHPHQWV��WKDQNV�WR�DOO�WKRVH�ZKR�KDYH�JLYHQ�HGLWRULDO�IHHGEDFN��WHFKQLFDO�VXSSRUW�

UHVHDUFK�FRQWULEXWLRQV�DQG�FRQYHUVDWLRQV�RQ�WKHVH�LVVXHV�RYHU�WKH�\HDUV��LQFOXGLQJ�$UYLQG�1DUD\DQDQ�

'DQLHO�1HYHV��9DURRQ�0DWKXU��2OJD�5XVVDNRYVN\��/HLI�5\JH��/HD�6DLQW��5D\PRQG�DQG�.LUDQ�6DPXHO�

https://excavating.ai/
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$GGLWLRQDO�WKDQNV�WR�0DULR�0DLQHWWL�DQG�&DUOR�%DUEDWWL�DQG�DOO�WKH�VWDII�DW�WKH�)RQGD]LRQH�3UDGD��DQG

WR�$ORQD�3DUGR�DQG�WKH�VWDII�DW�WKH�%DUELFDQ�&HQWUH��7KH�LPDJHV�LQ�WKLV�HVVD\�DQG�PDQ\�PRUH�DUH�SDUW�RI�WKH

)RQGD]LRQH�3UDGD�2VVHUYDWRULR�7UDLQLQJ�+XPDQV�H[KLELWLRQ��LQ�0LODQ�IURP����6HSWHPEHU�������WKURXJK���

)HEUXDU\�������DQG�DW�WKH�%DUELFDQ�&HQWUH�LQ�/RQGRQ�DV�SDUW�RI�WKH�H[KLELWLRQ�)URP�$SSOH�WR�$QRPDO\
�3LFWXUHV�DQG�/DEHOV��IURP����6HSWHPEHU�������WKURXJK����)HEUXDU\�������

&UHGLW�IRU�,PDJH1HW�5RXOHWWH�VRIWZDUH��GHYHORSHG�E\�/HLI�5\JH�DW�3DJOHQ�6WXGLR�
Ñ([FDYDWLQJ�$,��7KH�3ROLWLFV�RI�7UDLQLQJ�6HWV�IRU�0DFKLQH�/HDUQLQJÒ��6HSWHPEHU����������
KWWSV���H[FDYDWLQJ�DL�E\�.DWH�&UDZIRUG�DQG�7UHYRU�3DJOHQ�ZDV�RULJLQDOO\�SXEOLVKHG�E\�7KH�$,�1RZ
,QVWLWXWH��1<8��KWWSV���DLQRZLQVWLWXWH�RUJ���DQG�LV�UHSXEOLVKHG�ZLWK�NLQG�SHUPLVVLRQ�RI�.DWH�&UDZIRUG
DQG�7UHYRU�3DJOHQ�

>�@�0LQVN\�FXUUHQWO\�IDFHV�VHULRXV�DOOHJDWLRQV�UHODWHG�WR�FRQYLFWHG�SDHGRSKLOH�DQG�UDSLVW�-HIIUH\
(SVWHLQ��0LQVN\�ZDV�RQH�RI�VHYHUDO�VFLHQWLVWV�ZKR�PHW�ZLWK�(SVWHLQ�DQG�YLVLWHG�KLV�LVODQG�UHWUHDW
ZKHUH�XQGHUDJH�JLUOV�ZHUH�IRUFHG�WR�KDYH�VH[�ZLWK�PHPEHUV�RI�(SVWHLQÒV�FRWHULH��$V�VFKRODU�0HUHGLWK
%URXVVDUG�REVHUYHG��WKLV�ZDV�SDUW�RI�D�EURDGHU�FXOWXUH�RI�H[FOXVLRQ�WKDW�EHFDPH�HQGHPLF�LQ�$,��ÑDV
ZRQGHUIXOO\�FUHDWLYH�DV�0LQVN\�DQG�KLV�FRKRUW�ZHUH��WKH\�DOVR�VROLGLILHG�WKH�FXOWXUH�RI�WHFK�DV�D
ELOOLRQDLUH�ER\VÒ�FOXE��0DWK��SK\VLFV��DQG�WKH�RWKHU�ÔKDUGÕ�VFLHQFHV�KDYH�QHYHU�EHHQ�KRVSLWDEOH�WR
ZRPHQ�DQG�SHRSOH�RI�FRORU��WHFK�IROORZHG�WKLV�OHDG�Ò�6HH�0HUHGLWK�%URXVVDUG��$UWLILFLDO
8QLQWHOOLJHQFH��+RZ�&RPSXWHUV�0LVXQGHUVWDQG�WKH�:RUOG��&DPEULGJH��0DVVDFKXVHWWV�DQG�/RQGRQ�
0,7�3UHVV���������S������

>�@�6HH�'DQLHO�&UHYLHU��$,��7KH�7XPXOWXRXV�+LVWRU\�RI�WKH�6HDUFK�IRU�$UWLILFLDO�,QWHOOLJHQFH��1HZ�<RUN�
%DVLF�%RRNV���������S�����

>�@�0LQVN\�JHWV�WKH�FUHGLW�IRU�WKLV�LGHD��EXW�FOHDUO\�3DSHUW��6XVVPDQ��DQG�WHDPV�RI�ÑVXPPHU�ZRUNHUVÒ
ZHUH�DOO�SDUW�RI�WKLV�HDUO\�HIIRUW�WR�JHW�FRPSXWHUV�WR�GHVFULEH�REMHFWV�LQ�WKH�ZRUOG��6HH�6H\PRXU�$�
3DSHUW��
7KH�6XPPHU�9LVLRQ�3URMHFW
��-XO\�����������KWWSV���GVSDFH�PLW�HGX�KDQGOH��������������$V�KH
ZURWH��Ñ7KH�VXPPHU�YLVLRQ�SURMHFW�LV�DQ�DWWHPSW�WR�XVH�RXU�VXPPHU�ZRUNHUV�HIIHFWLYHO\�LQ�WKH
FRQVWUXFWLRQ�RI�D�VLJQLILFDQW�SDUW�RI�D�YLVXDO�V\VWHP��7KH�SDUWLFXODU�WDVN�ZDV�FKRVHQ�SDUWO\�EHFDXVH�LW
FDQ�EH�VHJPHQWHG�LQWR�VXE�SUREOHPV�ZKLFK�DOORZ�LQGLYLGXDOV�WR�ZRUN�LQGHSHQGHQWO\�DQG�\HW
SDUWLFLSDWH�LQ�WKH�FRQVWUXFWLRQ�RI�D�V\VWHP�FRPSOH[�HQRXJK�WR�EH�D�UHDO�ODQGPDUN�LQ�WKH�GHYHORSPHQW
RI�ÔSDWWHUQ�UHFRJQLWLRQÕÒ�

>�@�6WXDUW�-��5XVVHOO�DQG�3HWHU�1RUYLJ��$UWLILFLDO�,QWHOOLJHQFH��$�0RGHUQ�$SSURDFK���UG�HG��3UHQWLFH�+DOO
6HULHV�LQ�$UWLILFLDO�,QWHOOLJHQFH��8SSHU�6DGGOH�5LYHU��1-��3UHQWLFH�+DOO���������S������

>�@�,Q�WKH�ODWH�����V��5\V]DUG�0LFKDOVNL�ZURWH�DQ�DOJRULWKP�EDVHG�RQ�ÑV\PEROLF�YDULDEOHVÒ�DQG�ORJLFDO
UXOHV��7KLV�ODQJXDJH�ZDV�YHU\�SRSXODU�LQ�WKH�����V�DQG�����V��EXW��DV�WKH�UXOHV�RI�GHFLVLRQ�PDNLQJ
DQG�TXDOLILFDWLRQ�EHFDPH�PRUH�FRPSOH[��WKH�ODQJXDJH�EHFDPH�OHVV�XVDEOH��$W�WKH�VDPH�PRPHQW��WKH
SRWHQWLDO�RI�XVLQJ�ODUJH�WUDLQLQJ�VHWV�WULJJHUHG�D�VKLIW�IURP�WKLV�FRQFHSWXDO�FOXVWHULQJ�WR�FRQWHPSRUDU\
PDFKLQH�OHDUQLQJ�DSSURDFKHV��6HH�5\V]DUG�0LFKDOVNL��Ñ3DWWHUQ�5HFRJQLWLRQ�DV�5XOH�*XLGHG�,QGXFWLYH
,QIHUHQFHÒ��,(((�7UDQVDFWLRQV�RQ�3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH������������SS�����Ï����

>�@�7KHUH�DUH�KXQGUHGV�RI�VFKRODUO\�ERRNV�LQ�WKLV�FDWHJRU\��EXW�IRU�D�JRRG�SODFH�WR�VWDUW��VHH�:�-�7�
0LWFKHOO��3LFWXUH�7KHRU\��(VVD\V�RQ�9HUEDO�DQG�9LVXDO�5HSUHVHQWDWLRQ��3DSHUEDFN�HG���>1DFKGU�@
�&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV��������

>�@�0��/\RQV�HW�DO���Ñ&RGLQJ�)DFLDO�([SUHVVLRQV�ZLWK�*DERU�:DYHOHWVÒ��LQ�3URFHHGLQJV�7KLUG�,(((
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$XWRPDWLF�)DFH�DQG�*HVWXUH�5HFRJQLWLRQ��7KLUG�,(((�,QWHUQDWLRQDO
&RQIHUHQFH�RQ�$XWRPDWLF�)DFH�DQG�*HVWXUH�5HFRJQLWLRQ��1DUD��-DSDQ��,(((�&RPSXW��6RF��������
SS�����Ï������ KWWSV���GRL�RUJ���������$)*5�������������

>�@�$V�GHVFULEHG�LQ�WKH�Ñ$,�1RZ�5HSRUWÒ���������WKLV�FODVVLILFDWLRQ�RI�HPRWLRQV�LQWR�VL[�FDWHJRULHV�KDV
LWV�URRW�LQ�WKH�ZRUN�RI�WKH�SV\FKRORJLVW�3DXO�(NPDQ��Ñ6WXG\LQJ�IDFHV��DFFRUGLQJ�WR�(NPDQ��SURGXFHV�DQ
REMHFWLYH�UHDGLQJ�RI�DXWKHQWLF�LQWHULRU�VWDWHV���D�GLUHFW�ZLQGRZ�WR�WKH�VRXO��8QGHUO\LQJ�KLV�EHOLHI�ZDV
WKH�LGHD�WKDW�HPRWLRQV�DUH�IL[HG�DQG�XQLYHUVDO��LGHQWLFDO�DFURVV�LQGLYLGXDOV��DQG�FOHDUO\�YLVLEOH�LQ
REVHUYDEOH�ELRORJLFDO�PHFKDQLVPV�UHJDUGOHVV�RI�FXOWXUDO�FRQWH[W��%XW�(NPDQÒV�ZRUN�KDV�EHHQ�GHHSO\
FULWLFL]HG�E\�SV\FKRORJLVWV��DQWKURSRORJLVWV��DQG�RWKHU�UHVHDUFKHUV�ZKR�KDYH�IRXQG�KLV�WKHRULHV�GR
QRW�KROG�XS�XQGHU�VXVWDLQHG�VFUXWLQ\��7KH�SV\FKRORJLVW�/LVD�)HOGPDQ�%DUUHWW�DQG�KHU�FROOHDJXHV�KDYH
DUJXHG�WKDW�DQ�XQGHUVWDQGLQJ�RI�HPRWLRQV�LQ�WHUPV�RI�WKHVH�ULJLG�FDWHJRULHV�DQG�VLPSOLVWLF
SK\VLRORJLFDO�FDXVHV�LV�QR�ORQJHU�WHQDEOH��1RQHWKHOHVV��$,�UHVHDUFKHUV�KDYH�WDNHQ�KLV�ZRUN�DV�IDFW�
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�� 2S@FDRÜ�ÜÜÜ,@QBGÜ���� *@SDÜ"Q@VENQCÜ@MCÜ3QDUNQÜ/@FKDM

DQG�XVHG�LW�DV�D�EDVLV�IRU�DXWRPDWLQJ�HPRWLRQ�GHWHFWLRQ�Ò�0HUHGLWK�:KLWDNHU�HW�DO���Ñ$,�1RZ�5HSRUW
����Ò��$,�1RZ�,QVWLWXWH��'HFHPEHU��������KWWSV���DLQRZLQVWLWXWH�RUJ�$,B1RZB����B5HSRUW�SGI��6HH
DOVR�/LVD�)HOGPDQ�%DUUHWW�HW�DO���Ñ(PRWLRQDO�([SUHVVLRQV�5HFRQVLGHUHG��&KDOOHQJHV�WR�,QIHUULQJ
(PRWLRQ�)URP�+XPDQ�)DFLDO�0RYHPHQWVÒ��3V\FKRORJLFDO�6FLHQFH�LQ�WKH�3XEOLF�,QWHUHVW���������-XO\����
�������SS���Ï���� KWWSV���GRL�RUJ��������������������������

>�@�6HH��IRU�H[DPSOH��5XWK�/H\V��Ñ+RZ�'LG�)HDU�%HFRPH�D�6FLHQWLILF�2EMHFW�DQG�:KDW�.LQG�RI�2EMHFW�,V
,W"Ò��5HSUHVHQWDWLRQV����������0D\��������SS����Ï�����KWWSV���GRL�RUJ���������UHS����������������/H\V
KDV�RIIHUHG�D�QXPEHU�RI�FULWLTXHV�RI�(NPDQÒV�UHVHDUFK�SURJUDPPH��PRVW�UHFHQWO\�LQ�5XWK�/H\V��7KH
$VFHQW�RI�$IIHFW��*HQHDORJ\�DQG�&ULWLTXH��&KLFDJR�DQG�/RQGRQ��8QLYHUVLW\�RI�&KLFDJR�3UHVV��������
6HH�DOVR�/LVD�)HOGPDQ�%DUUHWW��Ñ$UH�(PRWLRQV�1DWXUDO�.LQGV"Ò��3HUVSHFWLYHV�RQ�3V\FKRORJLFDO�6FLHQFH
�������0DUFK��������SS����Ï����KWWSV���GRL�RUJ���������M�����������������������[��(ULND�+��6LHJHO�HW�DO��
Ñ(PRWLRQ�)LQJHUSULQWV�RU�(PRWLRQ�3RSXODWLRQV"�$�0HWD�$QDO\WLF�,QYHVWLJDWLRQ�RI�$XWRQRPLF�)HDWXUHV
RI�(PRWLRQ�&DWHJRULHV�Ò��3V\FKRORJLFDO�%XOOHWLQ������������KWWSV���GRL�RUJ���������EXO��������

>��@�)HL�)HL�/L��DV�TXRWHG�LQ�'DYH�*HUVKJRUQ��Ñ7KH�'DWD�7KDW�7UDQVIRUPHG�$,�5HVHDUFK���DQG�3RVVLEO\
WKH�:RUOGÒ��4XDUW]��-XO\������������KWWSV���T]�FRP���������WKH��GDWD�WKDW�FKDQJHG�WKH�GLUHFWLRQ�RI�DL�
UHVHDUFK�DQG�SRVVLEO\�WKH�ZRUOG���(PSKDVLV�DGGHG�

>��@�-RKQ�0DUNRII��Ñ6HHNLQJ�D�%HWWHU�:D\�WR�)LQG�:HE�,PDJHVÒ��7KH�1HZ�<RUN�7LPHV��1RYHPEHU�
�����������VHF��6FLHQFH��KWWSV���ZZZ�Q\WLPHV�FRP������������V�FLHQFH�IRU�ZHE�LPDJHV�FUHDW�
QJ�QHZ�WHFKQRORJ\�WR�VHHN�DQG�ILQG�KWPO�

>��@�7KHLU�SDSHU�FDQ�EH�IRXQG�KHUH��$OH[�.UL]KHYVN\��,O\D�6XWVNHYHU��DQG�*HRIIUH\�(��+LQWRQ�
Ñ,PDJH1HW�&ODVVLILFDWLRQ�ZLWK�'HHS�&RQYROXWLRQDO�1HXUDO�1HWZRUNVÒ��LQ�$GYDQFHV�LQ�1HXUDO
,QIRUPDWLRQ�3URFHVVLQJ�6\VWHPV�����HG��)��3HUHLUD�HW�DO���&XUUDQ�$VVRFLDWHV��,QF����������SS������Ï
������KWWS���SDSHUV�QLSV�FF�SDSHU������LPDJHQHW�FODVVLILFDWLRQ�ZLWK�GHHS��FRQYROXWLRQDO�QHXUD�
�QHWZRUNV�SGI�

>��@�5HOHDVHG�LQ�WKH�PLG�����V��WKLV�OH[LFDO�GDWDEDVH�IRU�WKH�(QJOLVK�ODQJXDJH�FDQ�EH�VHHQ�DV�D
WKHVDXUXV�WKDW�GHILQHV�DQG�JURXSV�(QJOLVK�ZRUGV�LQWR�V\QVHWV��L�H���VHWV�RI�V\QRQ\PV�
KWWSV���ZRUGQHW�SULQFHWRQ�HGX��7KLV�SURMHFW�WDNHV�SODFH�LQ�D�EURDGHU�KLVWRU\�RI�FRPSXWDWLRQDO
OLQJXLVWLFV�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ��1/3���ZKLFK�GHYHORSHG�GXULQJ�WKH�VDPH�SHULRG��7KLV
VXEILHOG�DLPV�DW�SURJUDPPLQJ�FRPSXWHUV�WR�SURFHVV�DQG�DQDO\VH�ODUJH�DPRXQWV�RI�QDWXUDO�ODQJXDJH
GDWD��XVLQJ�PDFKLQH�OHDUQLQJ�DOJRULWKPV�

>��@�6HH�*HRIIUH\�&��%RZNHU�DQG�6XVDQ�/HLJK�6WDU��6RUWLQJ�7KLQJV�2XW��&ODVVLILFDWLRQ�DQG�,WV
&RQVHTXHQFHV��)LUVW�SDSHUEDFN�HGLWLRQ��,QVLGH�7HFKQRORJ\��&DPEULGJH��0DVVDFKXVHWWV�DQG�/RQGRQ�
0,7�3UHVV���������SS�����������$QMD�%HFKPDQQ�DQG�*HRIIUH\�&��%RZNHU��Ñ8QVXSHUYLVHG�E\�$Q\�2WKHU
1DPH��+LGGHQ�/D\HUV�RI�.QRZOHGJH�3URGXFWLRQ�LQ�$UWLILFLDO�,QWHOOLJHQFH�RQ�6RFLDO�0HGLDÒ��%LJ�'DWD�	
6RFLHW\��������-DQXDU\�������������������������KWWSV���GRL�RUJ��������������������������

>��@�7KHVH�DUH�VRPH�RI�WKH�FDWHJRULHV�WKDW�KDYH�QRZ�EHHQ�HQWLUHO\�GHOHWHG�IURP�,PDJH1HW�DV�RI
-DQXDU\�����������

>��@�)RU�DQ�DFFRXQW�RI�WKH�SROLWLFV�RI�FODVVLILFDWLRQ�LQ�WKH�/LEUDU\�RI�&RQJUHVV��VHH�6DQIRUG�%HUPDQ�
3UHMXGLFHV�DQG�$QWLSDWKLHV��$�7UDFW�RQ�WKH�/&�6XEMHFW�+HDGV�&RQFHUQLQJ�3HRSOH��0HWXFKHQ��1-�
6FDUHFURZ�3UHVV��������

>��@�:HÒUH�GUDZLQJ�LQ�SDUW�KHUH�RQ�WKH�ZRUN�RI�*HRUJH�/DNRII�LQ�:RPHQ��)LUH��DQG�'DQJHURXV�7KLQJV�
:KDW�&DWHJRULHV�5HYHDO�DERXW�WKH�0LQG��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV��������

>��@�6HH�'HQJ��-LD��:HL�'RQJ��5LFKDUG�6RFKHU��/L�-LD�/L��.DL�/L��DQG�/L�)HL�)HL��Ñ,PDJHQHW��$�/DUJH�6FDOH
+LHUDUFKLFDO�,PDJH�'DWDEDVHÒ�,Q������,(((�&RQIHUHQFH�RQ�&RPSXWHU�9LVLRQ�DQG�3DWWHUQ�5HFRJQLWLRQ�
SS�����Ï���

>��@�4XRWHG�LQ�$OODQ�6HNXOD��Ñ7KH�%RG\�DQG�WKH�$UFKLYHÒ��2FWREHU������������SS���Ï���
KWWSV���GRL�RUJ����������������

>��@�,ELG��IRU�D�EURDGHU�GLVFXVVLRQ�RI�REMHFWLYLW\��VFLHQWLILF�MXGJPHQW��DQG�D�PRUH�QXDQFHG�WDNH�RQ
SKRWRJUDSK\ÒV�UROH�LQ�LW��VHH�/RUUDLQH�'DVWRQ�DQG�3HWHU�*DOLVRQ��2EMHFWLYLW\��3DSHUEDFN�HG���1HZ
<RUN��=RQH�%RRNV��������

>��@�Ñ87.)DFH�Ï�$LFLSÒ��DFFHVVHG�$XJXVW�����������KWWS���DLFLS�HHFV�XWN�HGX�ZLNL�87.)DFH�

>��@�6HH�3DXO�1��(GZDUGV�DQG�*DEULHOOH�+HFKW��Ñ+LVWRU\�DQG�WKH�7HFKQRSROLWLFV�RI�,GHQWLW\��7KH�&DVH�RI
$SDUWKHLG�6RXWK�$IULFDÒ��-RXUQDO�RI�6RXWKHUQ�$IULFDQ�6WXGLHV���������6HSWHPEHU�������
SS�����Ï����KWWSV���GRL�RUJ�������������������������������(DUOLHU�FODVVLILFDWLRQV�XVHG�LQ�WKH�����

https://ainowinstitute.org/AI_Now_2018_Report.pdf
https://doi.org/10.1177/1529100619832930
https://doi.org/10.1525/rep.2010.110.1.66
https://doi.org/10.1037/bul0000128
https://wordnet.princeton.edu
https://doi.org/10.1177/2053951718819569
https://doi.org/10.2307/778312
http://aicip.eecs.utk.edu/wiki/UTKFace
https://doi.org/10.1080/03057070.2010.507568
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3RSXODWLRQ�$FW�DQG�*URXS�$UHDV�$FW�XVHG�IRXU�FODVVHV��Ñ(XURSHDQV��$VLDWLFV��SHUVRQV�RI�PL[HG�UDFH�RU
FRORXUHGV��DQG�ÔQDWLYHVÕ�RU�SXUH�EORRGHG�LQGLYLGXDOV�RI�WKH�%DQWX�UDFHÒ��%RZNHU�DQG�6WDU��S�������
%ODFN�6RXWK�$IULFDQV�ZHUH�UHTXLUHG�WR�FDUU\�SDVV�ERRNV�DQG�FRXOG�QRW��IRU�H[DPSOH��VSHQG�PRUH�WKDQ
���KRXUV�LQ�D�ZKLWH�DUHD�ZLWKRXW�SHUPLVVLRQ�IURP�WKH�JRYHUQPHQW�IRU�D�ZRUN�FRQWUDFW��S�������

>��@�%RZNHU�DQG�6WDU������

>��@�6HH�)��-DPHV�'DYLV��:KR�,V�%ODFN"�2QH�1DWLRQÒV�'HILQLWLRQ����WK�DQQLYHUVDU\�HG���8QLYHUVLW\�3DUN�
3$��3HQQV\OYDQLD�6WDWH�8QLYHUVLW\�3UHVV��������

>��@�6HH�-R\�%XRODPZLQL�DQG�7LPQLW�*HEUX��Ñ*HQGHU�6KDGHV��,QWHUVHFWLRQDO�$FFXUDF\�'LVSDULWLHV�LQ
&RPPHUFLDO�*HQGHU�&ODVVLILFDWLRQÒ��LQ�&RQIHUHQFH�RQ�)DLUQHVV��$FFRXQWDELOLW\��DQG�7UDQVSDUHQF\
��������SS����Ï���� KWWS���SURFHHGLQJV�POU�SUHVV�Y���EXRODPZLQL��D�KWPO�

>��@�0LFKHOH�0HUOHU�HW�DO���Ñ'LYHUVLW\�LQ�)DFHVÒ��$U;LY������������>&V@��-DQXDU\�����������
KWWS���DU[LY�RUJ�DEV������������

>��@�Ñ:HEVFRSH�_�<DKRR�/DEVÒ��DFFHVVHG�$XJXVW
���������� KWWSV���ZHEVFRSH�VDQGER[�\DKRR�FRP�FDWDORJ�SKS"GDWDW\SH L	GLG ��	JXFFRXQWHU ��

>��@�2OLYLD�6RORQ��Ñ)DFLDO�5HFRJQLWLRQÒV�Ô'LUW\�/LWWOH�6HFUHWÕ��0LOOLRQV�RI�2QOLQH�3KRWRV�6FUDSHG
ZLWKRXW�&RQVHQWÒ��0DUFK������������KWWSV���ZZZ�QEFQHZV�FRP�WHFK�LQWHUQHW�IDFLDO�UHFRJQLWLRQ�
V�GLUW\�OLWWOH�VHFUHW�PLOOLRQV�RQOLQH�SKRWRV�VFUDSHG�Q�������

>��@�6WHSKHQ�-D\�*RXOG��7KH�0LVPHDVXUH�RI�0DQ��UHYLVHG�DQG�H[SDQGHG��1HZ�<RUN��1RUWRQ��������
7KH�DSSURDFK�RI�PHDVXULQJ�LQWHOOLJHQFH�EDVHG�RQ�VNXOO�VL]H�ZDV�SUHYDOHQW�DFURVV�(XURSH�DQG�WKH�86�
)RU�H[DPSOH��LQ�)UDQFH��3DXO�%URFD�DQG�*XVWDYH�/H�%RQ�GHYHORSHG�WKH�DSSURDFK�RI�PHDVXULQJ
LQWHOOLJHQFH�EDVHG�RQ�VNXOO�VL]H��6HH�3DXO�%URFD��Ñ6XU�OH�FUDQH�GH�6FKLOOHU�HW�VXU�OÒLQGLFH�FXELTXH�GHV
FUDQHVÒ��%XOOHWLQ�GH�OD�6RFLHWH"�GÒDQWKURSRORJLH�GH�3DULV��,r�6HULH��W�����IDVF�����SS���������������
*XVWDYH�/H�%RQ��/ÒKRPPH�HW�OHV�VRFLHWHV��/HXUV�RULJLQHV�HW�OHXU�GH"YHORSSHPHQW��3DULV��(GLWLRQ�-�
5RWKVFKLOG���������,Q�1D]L�*HUPDQ\��WKH�ÑDQWKURSRORJLVWÒ�(YD�-XVWLQ�ZURWH�DERXW�6LQWL�DQG�5RPD
SHRSOH��EDVHG�RQ�DQWKURSRPHWULF�DQG�VNXOO�PHDVXUHPHQWV��6HH�(YD�-XVWLQ��/HEHQVVFKLFNVDOH
DUWIUHPG�HU]RJHQHU�=LJHXQHUNLQGHU�XQG�LKUHU�1DFKNRPPHQ�>%LRJUDSKLFDO�GHVWLQLHV�RI�*\SV\
FKLOGUHQ�DQG�WKHLU�RIIVSULQJ�ZKR�ZHUH�HGXFDWHG�LQ�D�PDQQHU�LQDSSURSULDWH�IRU�WKHLU�VSHFLHV@��GRFWRUDO
GLVVHUWDWLRQ��)ULHGULFK�:LOKHOPV�8QLYHUVLWDW�%HUOLQ�������

>��@�Ñ)LJXUH�(LJKW�_�7KH�(VVHQWLDO�+LJK��4XDOLW\�'DWD�$QQRWDWLRQ�3ODWIRUPÒ��)LJXUH�(LJKW��DFFHVVHG
$XJXVW�����������KWWSV���ZZZ�ILJXUH�HLJKW�FRP��

>��@�7KH�DXWKRUV�PDGH�D�EDFNXS�RI�WKH�,PDJH1HW�GDWDVHW�SULRU�WR�PXFK�RI�LWV�GHOHWLRQ�

>��@�7KHLU�Ñ0HJD3L[HOVÒ�SURMHFW�LV�KHUH��KWWSV���PHJDSL[HOV�FF��

>��@�-DNH�6DWLVN\��Ñ$�'XNH�6WXG\�5HFRUGHG�7KRXVDQGV�RI�6WXGHQWVÒ�)DFHV��1RZ�7KH\ÒUH�%HLQJ�8VHG
$OO�RYHU�WKH�:RUOGÒ��7KH�&KURQLFOH��-XQH����
�������
KWWSV���ZZZ�GXNHFKURQLFOH�FRP�DUWLFOH���������GXNH�XQLYHUVLW\�IDFLDO�UHFRJQLWLRQ�GDWD�VHW�VWXG\�VX
UYHLOODQFH�YLGHR�VWXGHQWV�FKLQD�X\JKXU�

>��@�Ñ�QG�8QFRQVWUDLQHG�)DFH�'HWHFWLRQ�DQG�2SHQ�6HW�5HFRJQLWLRQ�&KDOOHQJHÒ��DFFHVVHG�$XJXVW����
������KWWSV���YDVW�XFFV�HGX�2SHQVHWIDFH���5XVVHOO�6WHZDUW��%UDLQZDVK�'DWDVHW��6WDQIRUG�'LJLWDO
5HSRVLWRU\���������KWWSV���SXUO�VWDQIRUG�HGX�V[���GF�����

>��@�0HOLVVD�/RFNHU��Ñ0LFURVRIW��'XNH��DQG�6WDQIRUG�4XLHWO\�'HOHWH�'DWDEDVHV�ZLWK�0LOOLRQV�RI�)DFHVÒ�
)DVW�&RPSDQ\��-XQH�����������KWWSV���ZZZ�IDVWFRPSDQ\�FRP����������PV�FHOHE�PLFURVRIW�GHOH�
HV���P�IDFHV�IURP�IDFH�GDWDEDVH�

>��@�0DGKXPLWD�0XUJLD��Ñ:KRÒV�8VLQJ�<RXU�)DFH"�7KH�8JO\�7UXWK�DERXW�)DFLDO�5HFRJQLWLRQÒ�
)LQDQFLDO�7LPHV��$SULO������������KWWSV���ZZZ�IW�FRP�FRQWHQW�FI��E������D����H��E�
����DFG�G�����H�

>��@�/RFNHU��Ñ0LFURVRIW��'XNH��DQG�6WDQIRUG�4XLHWO\�'HOHWH�'DWDEDVHVÒ�

>��@�)XOO�YLGHR�KHUH��$PDUMRW�6LQJK��Ñ(\H�LQ�WKH�6N\��5HDO�7LPH�'URQH�6XUYHLOODQFH�6\VWHP��'66��IRU
9LROHQW�,QGLYLGXDOV�,GHQWLILFDWLRQÒ
��������KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"WLPHBFRQWLQXH �	Y ]<\S-3-LS<F�

>��@�6WHYHQ�0HOHQGH]��Ñ:DWFK�7KLV�'URQH�8VH�$,�WR�6SRW�9LROHQFH�LQ�&URZGV�IURP�WKH�6N\Ò��)DVW
&RPSDQ\��-XQH�����������KWWSV���ZZZ�IDVWFRPSDQ\�FRP����������ZDWFK�WKLV�GURQH�XVH�DL�W�

http://proceedings.mlr.press/v81/buolamwini18a.html
http://arxiv.org/abs/1901.10436
https://webscope.sandbox.yahoo.com/catalog.php?datatype=i&did=67&guccounter=1
https://www.nbcnews.com/tech/internet/facial-recognition-s-dirty-little-secret-millions-online-photos-scraped-n981921
https://www.nbcnews.com/tech/internet/facial-recognition-s-dirty-little-secret-millions-online-photos-scraped-n981921
https://www.figure-eight.com/
https://megapixels.cc/
https://www.dukechronicle.com/article/2019/06/duke-university-facial-recognition-data-set-study-surveillance-video-students-china-uyghur
https://www.dukechronicle.com/article/2019/06/duke-university-facial-recognition-data-set-study-surveillance-video-students-china-uyghur
https://vast.uccs.edu/Opensetface/;
https://purl.stanford.edu/sx925dc9385
https://www.fastcompany.com/90360490/ms-celeb-microsoft-deletes-10m-faces-from-face-database
https://www.fastcompany.com/90360490/ms-celeb-microsoft-deletes-10m-faces-from-face-database
https://www.ft.com/content/cf19b956-60a2-11e9-b285-3acd5d43599e
https://www.ft.com/content/cf19b956-60a2-11e9-b285-3acd5d43599e
https://www.youtube.com/watch?time_continue=1&v=zYypJPJipYc
https://www.fastcompany.com/40581669/watch-this-drone-use-ai-to-spot-violence-from-the-sky
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�VSRW�YLROHQFH�IURP�WKH�VN\�

>��@�-DPHV�9LQFHQW��Ñ'URQHV�7DXJKW�WR�6SRW�9LROHQW�%HKDYLRU�LQ�&URZGV�8VLQJ�$,Ò��7KH�9HUJH��-XQH���
�������KWWSV���ZZZ�WKHYHUJH�FRP�������������������DL�DXWR���GURQHV�VSRW�YLROHQW�EHKDYLRU�FURZGV�

>��@�,ELG�

>��@�*RXOG��7KH�0LVPHDVXUH�RI�0DQ��S������

.DWH�&UDZIRUG�DQG�7UHYRU�3DJOHQ

.DWH�&UDZIRUG�LV�D�OHDGLQJ�DFDGHPLF�IRFXVLQJ�RQ�WKH�VRFLDO�DQG�SROLWLFDO�LPSOLFDWLRQV�RI�DUWLILFLDO

LQWHOOLJHQFH��)RU�RYHU�D�GHFDGH��KHU�ZRUN�KDV�FHQWUHG�RQ�XQGHUVWDQGLQJ�ODUJH�VFDOH�GDWD�V\VWHPV�LQ�WKH

ZLGHU�FRQWH[WV�RI�SROLWLFV��KLVWRU\��ODERXU��DQG�WKH�HQYLURQPHQW��.DWH�&UDZIRUG�LV�D�UHVHDUFK�SURIHVVRU�DW

86&�$QQHQEHUJ��DQG�WKH�9LVLWLQJ�&KDLU�RI�$,�DQG�-XVWLFH�DW�WKH��FROH�1RUPDOH�6XS«ULHXUH��,Q�������VKH�LV

WKH�LQDXJXUDO�9LVLWLQJ�&KDLU�IRU�$,�DQG�-XVWLFH�DW�WKH��FROH�1RUPDOH�6XS«ULHXUH�LQ�3DULV��6KH�FR�IRXQGHG

WKH�$,�1RZ�,QVWLWXWH�DW�1HZ�<RUN�8QLYHUVLW\��D�XQLYHUVLW\�FHQWUH�GHGLFDWHG�WR�UHVHDUFKLQJ�WKH�VRFLDO

LPSOLFDWLRQV�RI�$,�DQG�UHODWHG�WHFKQRORJLHV��,Q�������VKH�DQG�9ODGDQ�-ROHU�ZRQ�WKH�%HD]OH\�'HVLJQ�RI�WKH

<HDU�$ZDUG��IRU�WKHLU�$QDWRP\�RI�DQ�$,�6\VWHP�SURMHFW��ZKLFK�ZDV�UHFHQWO\�DFTXLUHG�E\�0R0$�IRU�LWV

SHUPDQHQW�FROOHFWLRQ��&UDZIRUG�ZDV�DOVR�MRLQWO\�DZDUGHG�WKH�$\UWRQ�3UL]H�IURP�WKH�%ULWLVK�6RFLHW\�IRU�WKH

+LVWRU\�RI�6FLHQFH�IRU�WKH�SURMHFW�([FDYDWLQJ�$,��+HU�QHZ�ERRN�$WODV�RI�$,�LV�IRUWKFRPLQJ�ZLWK�<DOH

8QLYHUVLW\�3UHVV�LQ������

7UHYRU�3DJOHQ�LV�DQ�DUWLVW�ZKRVH�ZRUN�VSDQV�LPDJH�PDNLQJ��VFXOSWXUH��LQYHVWLJDWLYH�MRXUQDOLVP��ZULWLQJ�

HQJLQHHULQJ�DQG�QXPHURXV�RWKHU�GLVFLSOLQHV��$PRQJ�KLV�FKLHI�FRQFHUQV�DUH�OHDUQLQJ�KRZ�WR�VHH�WKH

KLVWRULFDO�PRPHQW�LQ�ZKLFK�ZH�OLYH��DQG�GHYHORSLQJ�WKH�PHDQV�WR�LPDJLQH�DOWHUQDWLYH�IXWXUHV�3DJOHQ�KDV

KDG�RQH�SHUVRQ�H[KLELWLRQV�DW�1DP�-XQH�3DLN�$UW�&HQWHU��6HRXO��0XVHR�7DPD\R��0H[LFR�&LW\��WKH�1HYDGD

0XVHXP�RI�$UW��5HQR��9LHQQD�6HFHVVLRQ��(OL�	�(G\WKH�%URDG�$UW�0XVHXP��(DVW�/DQVLQJ��0LFKLJDQ��9DQ

$EEH�0XVHXP��(LQGKRYHQ��)UDQNIXUWHU�.XQVWYHUHLQ�DQG�3URWRFLQHPD�,VWDQEXO��DQG�SDUWLFLSDWHG�LQ�JURXS

H[KLELWLRQV�DW�WKH�0HWURSROLWDQ�0XVHXP�RI�$UW��1HZ�<RUN�WKH�6DQ�)UDQFLVFR�0XVHXP�RI�0RGHUQ�$UW��7DWH

0RGHUQ��/RQGRQ��DQG�QXPHURXV�RWKHU�YHQXHV��+H�KDV�ODXQFKHG�DQ�DUWZRUN�LQWR�GLVWDQW�RUELW�DURXQG�(DUWK

LQ�FROODERUDWLRQ�ZLWK�&UHDWLYH�7LPH�DQG�0,7��FRQWULEXWHG�UHVHDUFK�DQG�FLQHPDWRJUDSK\�WR�WKH�$FDGHP\

$ZDUG�ZLQQLQJ�ILOP�&LWL]HQIRXU��DQG�FUHDWHG�D�UDGLRDFWLYH�SXEOLF�VFXOSWXUH�IRU�WKH�H[FOXVLRQ�]RQH�LQ

)XNXVKLPD��-DSDQ��+H�LV�WKH�DXWKRU�RI�ILYH�ERRNV�DQG�QXPHURXV�DUWLFOHV�RQ�VXEMHFWV�LQFOXGLQJ

H[SHULPHQWDO�JHRJUDSK\��VWDWH�VHFUHF\��PLOLWDU\�V\PERORJ\��SKRWRJUDSK\�DQG�YLVXDOLW\��3DJOHQÒV�ZRUN�KDV

EHHQ�SURILOHG�LQ�WKH�1HZ�<RUN�7LPHV��9LFH�0DJD]LQH��WKH�1HZ�<RUNHU��DQG�$UW�)RUXP��,Q�������KH�UHFHLYHG

WKH�(OHFWURQLF�)URQWLHU�)RXQGDWLRQÒV�3LRQHHU�$ZDUG�IRU�KLV�ZRUN�DV�D�ÑJURXQGEUHDNLQJ�LQYHVWLJDWLYH

DUWLVWÒ�3DJOHQ�KROGV�D�%$�IURP�8&�%HUNHOH\��DQ�0)$�IURP�WKH�$UW�,QVWLWXWH�RI�&KLFDJR��DQG�D�3K�'��LQ

*HRJUDSK\�IURP�8&�%HUNHOH\�

https://www.fastcompany.com/40581669/watch-this-drone-use-ai-to-spot-violence-from-the-sky
https://www.theverge.com/2018/6/6/17433482/ai-auto...drones-spot-violent-behavior-crowds
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Ñ'LIIHUHQWLDWHG�WKURXJK�WKDW�ZKLFK�LV�SRURXV�Ï�WKH�VNLQ�Ï�D�VXUIDFH�SHUFHSWLYH�WR�WRXFK��WKH�ERG\�LV

GLVVHFWHG��IL[HG�ÔDQG�ZRYHQ�RXW�RI�D�WKRXVDQG�GHWDLOV��DQHFGRWHV�DQG�VWRULHVÕ�
�>�@

)URP�FRQWHQW�UHFRPPHQGDWLRQ�DQG�VRFLDO�PHGLD�IHHG�FXUDWLRQ�WR�ILQDQFLDO�ULVN�DVVHVVPHQW�DQG

PHGLFDO�GLDJQRVHV��PDFKLQH�OHDUQLQJ�PRGHOV�KDYH�EHFRPH�D�SHUYDVLYH�SDUW�RI�RXU�HYHU\GD\

LQIUDVWUXFWXUH��:KLOH�DXWRPDWHG�GDWD�SURFHVVLQJ�LQVWUXPHQWV�KDYH�ORQJ�EHHQ�SDUW�RI�RXU�OLYHV��PDFKLQH

OHDUQLQJ�SURYLGHV�DQ�DFFHOHUDWHG�SDUDGLJP�ZLWKLQ�ZKLFK�SDWWHUQV�FDQ�EH�XQHDUWKHG�DQG�PDGH�DFWLRQDEOH

DFURVV�ODUJH�SRROV�RI�KLVWRULFDO�GDWD��*LYHQ�WKDW�WKHVH�WHFKQRORJLHV�DUH�EHLQJ�GHSOR\HG�LQ�D�YDULHW\�RI�SXEOLF

DQG�SULYDWH�V\VWHPV��HWKLFDO�TXHVWLRQV�DUH�LQFUHDVLQJO\�EHLQJ�UDLVHG�ZKHQ�WKH\�VHHP�WR�IDLO��ZLWK�SDUWLFXODU

FRQFHUQ�GLUHFWHG�DW�WKH�UROH�WKDW�WKHVH�WHFKQRORJLHV�SOD\�LQ�IXUWKHU�HQWUHQFKLQJ�UDFLDO�ELDVHV�DQG�SUDFWLFHV

RI�GLVFULPLQDWLRQ��:KHWKHU�LW�EH�IDLOLQJ�WR�UHFRJQLVH�GDUNHU�VNLQQHG�VXEMHFWV�>�@�DPSOLI\LQJ�QHJDWLYH�UDFLDO

VWHUHRW\SHV>�@�RU�GHQ\LQJ�DFFHVV�WR�FUHGLW��IRUPV�RI�SDWWHUQ�EDVHG�OHDUQLQJ�DSSHDU�WR�FRQVLVWHQWO\

H[DFHUEDWH�H[LVWLQJ�UDFLDO�LQHTXDOLWLHV�DQG�PRGHV�RI�GLVFULPLQDWLRQ��:LWK�WKHVH�PRGHOV�LQFUHDVLQJO\

VXSSRUWLQJ�KXPDQ�GHFLVLRQ�PDNLQJ�LQ�NH\�DUHDV��LW�LV�FUXFLDO�WKDW�ZH�XQGHUVWDQG�KRZ�UDFLDO�UHSUHVHQWDWLRQ

IXQFWLRQV�ZLWKLQ�PDFKLQH�OHDUQLQJ�V\VWHPV��DVNLQJ�ERWK�KRZ�UDFH�LV�XQGHUVWRRG��DQG�ZKDW�FDQ�EH

DFKLHYHG�E\�HQFRGLQJ�WKLV�XQGHUVWDQGLQJ�

'LIIHUHQWLDO�9LVLELOLWLHV

)LJXUH����'LVFULPLQDWLYH�UDFH�IHDWXUH�UHSUHVHQWDWLRQ�E\�PXOWLSOH�OD\HU�&RQYROXWLRQ�1HXUDO�1HWZRUNV
�&11����D���VXSHUYLVHG�&11�ILOWHUV��E���&11�ZLWK�WUDQVIHU�OHDUQLQJ�ILOWHUV�>�@

Ñ,�DP�JLYHQ�QR�FKDQFH��,�DP�RYHUGHWHUPLQHG�IURP�ZLWKRXW��,�DP�WKH�VODYH�QRW�RI�WKH�ÑLGHDÒ�WKDW

RWKHUV�KDYH�RI�PH�EXW�RI�P\�RZQ�DSSHDUDQFH�Ú�,�DP�IL[HG�Ò>�@
)UDQW]�)DQRQÒV�GHVFULSWLRQ�LGHQWLILHV�KLV�RZQ�VNLQ�DV�D�VLWH�RI�IL[LW\��,Q�DQ�LQVWDQFH�RI

ÑHSLGHUPDOLVDWLRQÒ��WKH�SRURXV�VXUIDFH�HQYHORSLQJ�KLV�ERG\�HQIROGV�KLP�ZLWKLQ�WKH�WRQDO�ZHDYH�RI�D�UDFLDO�

FRUSRUDO�VFKHPD��DSSUHKHQGLQJ�KLP�DV�%ODFN�EHIRUH�KXPDQ�DQG�GHILQLQJ�WKH�SRVVLELOLWLHV�DIIRUGHG�WR�KLP

LQ�DFFRUGDQFH�ZLWK�WKH�FRORXU�RI�KLV�VNLQ��7KLV�VFKHPD��ZKLFK�LV�ÑFXOWXUDO�DQG�GLVFXUVLYHÒ�UDWKHU�WKDQ�VROHO\

JHQHWLF�>�@�LV�SURGXFHG�DQG�UHSURGXFHG�DFURVV�PRUSKRORJLFDO�GHVLJQDWLRQV��VWLWFKLQJ�D�UDFLDOLVHG�VXEMHFW

RXW�RI�ÑD�WKRXVDQG�GHWDLOV��DQHFGRWHV��VWRULHVÒ�>�@�FRQVWLWXWLQJ�WKHP�KLVWRULFDOO\�ZLWKLQ�WKH�OLPLWHG�DQG

VSHFXODU�IUDPH�RI�UDFH�FHQWULF�GLVFRXUVH��&UXFLDOO\��VXFK�D�VFKHPD�VHHNV�WR�DOLJQ�WKH�H[WHULRU�H[SUHVVLRQV

RI�WKH�ERG\�ZLWK�LQWHUQDO�WUDLWV�FRUUHVSRQGLQJ�WR�EHKDYLRXU��FKDUDFWHU�DQG�FRJQLWLYH�FDSDFLW\�WKDW�FDQ�EH

JHQHUDOLVHG�RYHU�PHPEHUV�RI�WKH�JLYHQ�UDFLDO�JURXS��'RLQJ�VR�FRPSRVHV�UDFH�EH\RQG�WKH�UHPLWV�RI�WKH

LQGLYLGXDO�ERG\��IRUPLQJ�LW�LQ�FRQFHUW�ZLWK�WKH�ILFWLYH�KLHUDUFKLHV�WKDW�JXDUDQWHH�WKH�FRORQLDO�DUUDQJHPHQW�

QDWXUDOLVLQJ�UDFLDO�GLIIHUHQFH�DV�D�WZLQQHG�FRQGLWLRQ�RI�WKH�ERG\�DQG�PLQG��7R�WKLV�H[WHQW��UDFH�LV�PRUH�WKDQ

MXVW�D�VFKHPD�RI�YLVXDO�XQGHUVWDQGLQJ��,W�IRUPV�D�SHUFHSWLYH�WLVVXH�WKDW�EULQJV�WRJHWKHU�IRUPV�RI�VRFLDO
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RUJDQLVDWLRQ�WKURXJK�D�SV\FKLF�RSHUDWLRQ�WKDW�VDIHJXDUGV�WKH�FRQGLWLRQV�RI�WKH�KXPDQ�IRU�FHUWDLQ�JURXSV

RYHU�RWKHUV��IRUPLQJ�WKH�IUDJPHQWHG�UDFLDO�ERG\�LQWR�D�NQRZDEOH�REMHFW�ZKHQHYHU�LW�LV�LQYRNHG��D�OHJLEOH

VXUIDFH�XSRQ�ZKLFK�DOO�PDQQHU�RI�UDFLDO�WUXWKV�PD\�EH�HWFKHG�DQG�UHDG�LQ�VHUYLFH�RI�PDLQWDLQLQJ�H[WDQW

VRFLDO�UHODWLRQV��7R�WKLV�GHJUHH��LW�LV�LPSHUDWLYH�WR�RXWOLQH�WKH�ZD\V�LQ�ZKLFK�UDFH�LV�ILJXUHG�E\�D�VLPLODU

VHULHV�RI�HSLGHUPDO�DEVWUDFWLRQV�ZLWKLQ�PDFKLQH�OHDUQLQJ�V\VWHPV��PRELOLVHG�DV�D�VLWH�IRU�SHUFHSWLRQ�DQG

LGHQWLILFDWLRQ�DV�ZHOO�DV�SUREDELOLVWLF�SUHGLFWLRQ�

$EVWUDFWLRQ��5HFRJQLWLRQ�DQG�3UHGLFWLRQ

)LJXUH����)X��6L\DR��+DLER�+H��DQG�=HQJ�*XDQJ�+RX���5DFH�FODVVLILFDWLRQ�IURP�IDFH��$�VXUYH\���,(((
7UDQVDFWLRQV�RQ�3DWWHUQ�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH�����QR�����������������������

:KLOVW�IRUPV�RI�ELRPHWULF�LGHQWLILFDWLRQ�WHFKQRORJ\�KDYH�EHHQ�LQ�XVH�VLQFH�WKH�����V��LW�LV�RQO\�LQ�WKH

SDVW�ILYH�\HDUV�WKDW�FRPSXWDWLRQDO�DQG�JUDSKLFV�SURFHVVLQJ�SRZHU�KDV�LPSURYHG�WR�VXFK�D�GHJUHH�WKDW

PDFKLQH�OHDUQLQJ�FDQ�UHJXODUO\�EH�XVHG�WR�VROYH�SUREOHPV�RI�IDFH�GHWHFWLRQ�DQG�UHFRJQLWLRQ��6WDWH�RI�W�

H�DUW�VRIWZDUH�QRZ�XWLOLVHV�'HHS�&RQYROXWLRQDO�1HXUDO�1HWZRUNV��'&11V���WUDLQLQJ�WKH�OHDUQLQJ�PRGHO�RQ

ODUJH�GDWDVHWV�RI�IDFHV�IRU�DXWKHQWLFDWLRQ��GHWHFWLRQ�DQG�LGHQWLILFDWLRQ�VFHQDULRV��7KLV�LV�W\SLFDOO\�GRQH�E\

PDSSLQJ�SL[HO�UHJLRQV�LQ�DQ�LQSXW�LPDJH��ZKHUHLQ�IDFLDO�ODQGPDUNV��QRGDO�SRLQWV��VXFK�DV�WKH�GLVWDQFH

EHWZHHQ�WKH�H\HV��WKH�WLS�RI�WKH�QRVH��RU�WKH�FRUQHUV�RI�WKH�PRXWK�DUH�PDSSHG��H[WUDFWHG�DQG�XVHG�WR�GHWHFW

HDFK�XQLTXH�IDFH��7KH�QXPEHU�RI�QRGDO�SRLQWV�PDSSHG�IRU�HDFK�PRGHO�YDULHV�GHSHQGLQJ�RQ�WKH�DOJRULWKP

XVHG��ZLWK�VRPH�JHQHUDWLQJ�DQ�HPEHGGLQJ�RI�XS�WR�����PHDVXUHPHQWV�LQ�RUGHU�WR�SURSHUO\�PDS�WKH�LPDJH

WR�D�VHW�RI�QXPHULFDO�UHSUHVHQWDWLRQV��2QFH�WKHVH�ODQGPDUNV�KDYH�EHHQ�LGHQWLILHG�DQG�WKH�PRGHO�WUDLQHG

HQRXJK�WLPHV�RQ�WKHVH�UHSUHVHQWDWLRQV��LW�ZLOO�KDYH�VFDOHG�LQ�FRPSOH[LW\��PRYLQJ�IURP�DQ�DUUD\�RI

LQGLVFHUQLEOH�OLQHV�DQG�HGJHV��WKURXJK�WR�EOREV��IDFLDO�IHDWXUHV�DQG�HYHQWXDOO\�WR�D�FRKHUHQW�XQGHUVWDQGLQJ

RI�D�ÑIDFHÒ��RU�D�VHW�RI�YDOXHV�HTXDWLQJ�WR�GLIIHUHQW�SL[HO�UHJLRQV�DFURVV�WKH�LPDJH�

5DFLDO�UHSUHVHQWDWLRQ�FRPHV�LQWR�WKH�HTXDWLRQ�LQ�VXSHUYLVHG�OHDUQLQJ�VFHQDULRV��LQ�ZKLFK�WKH�PRGHO

LV�SURYLGHG�ZLWK�ODEHOOHG�LPDJHV�WR�EHWWHU�FODVVLI\�GLIIHUHQW�W\SHV�RI�IDFHV�EDVHG�RQ�WKHVH�OHDUQHG�SDWWHUQV

RI�SL[HOV��7KHVH�ODEHOV�DUH�NH\�WR�XQGHUVWDQGLQJ�WKH�UDFLDOLVHG�QDWXUH�RI�IDFLDO�UHFRJQLWLRQ��DV�WKH�PRGHO

OHDUQV�IHDWXUHV�FRUUHVSRQGLQJ�WR�D�JLYHQ�WD[RQRP\�RI�UDFLDO�FODVVLILFDWLRQV��VRUWLQJ�SDWWHUQV�LW�GLVFRYHUV

LQWR�WKHVH�SUH�GHILQHG�VSDFHV�RI�UHSUHVHQWDWLRQ��DQG�JDXJLQJ�WKHLU�SUR[LPLW\��VLPLODULW\��WR�RQH�DQRWKHU�LQ

RUGHU�WR�PDNH�D�MXGJHPHQW�RQ�ZKLFK�UDFLDO�FODVV�DQ�LQGLYLGXDO�IDFH�IDOOV�LQWR��+RZHYHU��VLQFH�'&11V�DUH

GHSHQGHQW�XSRQ�WKH�GDWDVHWV�XVHG�WR�WUDLQ�WKHP��ZH�UHJXODUO\�VHH�LQVWDQFHV�RI�IDLOXUH�LI�WKH�VHW�RI�IDFHV�IRU

D�FHUWDLQ�UDFLDO�FODVV�LV�ODFNLQJ�LQ�LWV�WUDLQLQJ�GDWD��2IWHQ��WKLV�LV�SOD\HG�RXW�DFURVV�GDUNHU�VNLQQHG�VXEMHFWV�

FDXVLQJ�IDLOXUH�UDWHV�WR�LQFUHDVH�RQFH�WKH�PRGHO�HQFRXQWHUV�WKHP�LQ�UHDO�ZRUOG�DSSOLFDWLRQV��6XEMHFWV

HLWKHU�IDLO�WR�EH�UHFRJQLVHG��RU�DUH�PLV�UHFRJQLVHG�ZLWKLQ�WKH�JLYHQ�FDWHJRULHV�RI�UDFLDO�UHSUHVHQWDWLRQ�

6XFK�IDLOXUHV�DUH�H[FHHGLQJO\�FRPPRQ��UDQJLQJ�IURP�H[DP�SURFWRULQJ�VRIWZDUH�EDUULQJ�VWXGHQWV�IURP
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WDNLQJ�WHVWV>�@�WR�SDVVSRUW�DSSOLFDWLRQV�EHLQJ�UHMHFWHG�>�@

7KDW�WKHVH�WHFKQRORJLHV�FRQVLVWHQWO\�IDLO�ZKHQ�IDFHG�ZLWK�UDFLDOLVHG�SRSXODWLRQV�LV�D�ZHOO�

GRFXPHQWHG�LVVXH��PDNLQJ�LW�DOO�WKH�PRUH�SHUQLFLRXV�WKDW�WKHVH�WHFKQRORJLHV�DUH�FRQWLQXDOO\�LPSOHPHQWHG

LQ�SXEOLF�IDFLQJ�LQIUDVWUXFWXUH�>��@�+RZHYHU��WKRVH�SURSRVLQJ�JUHDWHU�GLYHUVLW\�LQ�GDWD�UHSUHVHQWDWLRQ�DV�D

VROXWLRQ�WR�WKHVH�LVVXHV�WHQG�WR�PLVV�WKH�QXDQFHV�RI�WKH�SUREOHP��IDLOLQJ�WR�UHFRJQLVH�WKDW��LPSOHPHQWHG

ÑDFFXUDWHO\Ò�RU�RWKHUZLVH��WKHVH�UDFLDO�FODVVLILFDWLRQV�DUH�JRLQJ�WR�EH�SXW�WR�ZRUN�LQ�LPSURYLQJ�SUHGLFWLYH

SROLFLQJ��VXUYHLOODQFH�LQIUDVWUXFWXUH�DQG�GURQH�WDUJHWLQJ�V\VWHPV�WKDW�UHQGHU�GLIIHUHQWLDO�OHYHOV�RI�KDUP�WR

UDFLDOLVHG�SRSXODWLRQV��)RU�LQVWDQFH��,%0ÒV�DWWHPSW�WR�FUHDWH�LWV�Ñ'LYHUVLW\�LQ�)DFHVÒ�GDWDVHW�WR�DOOHYLDWH

UDFLDO�ELDV�LV�D�SULPH�H[DPSOH�RI�WKH�GDPDJH�WKDW�FDQ�EH�GRQH�ZKHQ�ODUJH�FRPSDQLHV�ODWFK�RQWR�WKH�LGHD�RI

EHLQJ�PRUH�ÑGLYHUVHÒ�RQO\�WR�UHSURGXFH�KLVWRULFDO�XQGHUVWDQGLQJV�DERXW�WKH�ÑUHDOLW\Ò�RI�UDFLDO

UHSUHVHQWDWLRQ��,Q�WKHLU�VHDUFK�IRU�D�GLYHUVH�DQG�ÑUDFLDOO\�DFFXUDWHÒ�GDWDVHW�WKDW�H[WHQGHG�EH\RQG�WKH�EUXWH

FODVVLILFDWLRQV�RI�VNLQ�FRORXU��QRW�RQO\�GLG�UHVHDUFKHUV�IURP�,%0�PDNH�ZRUU\LQJ�UHFRXUVH�WR�FUDQLRIDFLDO

PHDVXUHPHQWV�DV�DQ�REMHFWLYH�LQGLFDWRU�RI�UDFLDO�JURXSLQJ�>��@�EXW�WKH\�GLG�VR�ZKLOVW�VLPXOWDQHRXVO\

VHOOLQJ�FXVWRP�LPSOHPHQWDWLRQV�RI�WKHLU�IDFLDO�UHFRJQLWLRQ�VRIWZDUH�WR�ODZ�HQIRUFHPHQW�DJHQFLHV�>��@

6XFK�SVHXGR�VFLHQWLILF�SUDFWLFHV�KDYH�DOVR�VSLOOHG�RYHU�LQWR�WKH�UHDOP�RI�SUHGLFWLRQ�DQG�ÑDIIHFWLYH

FRPSXWLQJÒ��ZKHUH�HPRWLRQDO�DQDO\VLV�LV�FDUULHG�RXW�RQ�IDFLDO�H[SUHVVLRQV�>��@�$V�H[SHFWHG�RI�D�V\VWHP

XVLQJ�UDFH�FHQWULF�GDWD��DQDO\VLV�RI�WKH�IDFLDO�H[SUHVVLRQV�RI�%ODFN�PHQ�FRQVLVWHQWO\�VFRUHG�WKHP�DV�DQJULHU

WKDQ�:KLWH�PHQ��UHSOLFDWLQJ�VRFLDO�ELDVHV�>��@�)UDQN�3DVTXDOH�VXPPDULVHV�WKH�LQHYLWDELOLW\�RI�ELDV�ZLWKLQ

VXFK�D�V\VWHP��HPSKDVLVLQJ�WKDW�Ñ,I�D�GDWDEDVH�RI�DJJUHVVLRQ�LV�GHYHORSHG�IURP�REVHUYDWLRQ�RI�D�SDUWLFXODU

VXEVHW�RI�WKH�SRSXODWLRQ��WKH�UHVXOWLQJ�$,�PD\�EH�IDU�EHWWHU�DW�ILQGLQJ�ÔVXVSHFW�EHKDYLRUÕ�LQ�WKDW�VXEVHW

UDWKHU�WKDQ�RWKHUV�Ò>��@�7KXV��E\�PLPLFNLQJ�WKH�ORQJ�KLVWRU\�RI�SVHXGR�VFLHQFHV�VXFK�DV�SK\VLRJQRP\�DQG

SKUHQRORJ\�WKDW�WLHG�UDFLDOLVHG�IDFLDO�UHSUHVHQWDWLRQ�WR�IRUPV�RI�FULPLQDOLW\�DQG�GHYLDQFH��VXFK�VRIWZDUH

PHUHO\�UHKDVKHV�KLVWRULF�VFKHPDV�RI�UDFLDO�SHUFHSWLRQ�XQGHU�WKH�JXLVH�RI�LQVLJKWIXO�DQG�REMHFWLYH

FRPSXWDWLRQDO�DQDO\VLV��PDNLQJ�WKHP�DFWLRQDEOH�RQFH�PRUH�

:KLOH�H[SUHVVLRQ�DQDO\VLV�GHPRQVWUDWHV�RQH�FOHDUO\�UDFLDOLVHG�IRUP�RI�PDFKLQH�SUHGLFWLRQ��WKHUH�DUH

RWKHU�LQVWDQFHV�LQ�ZKLFK�WKH�OHDUQLQJ�V\VWHP�PD\�QRW�EH�SUHVHQWHG�ZLWK�UDFH�DV�D�GHILQHG�YDULDEOH�LQ�LWV

LQSXW�GDWD��EXW�VWLOO�SLFNV�XS�RQ�FXHV�WKDW�LPSOLFDWH�UDFH�DV�D�ODWHQW�IRUFH�ZLWKLQ�DQ�DVVHPEODJH�RI�RWKHU

YDULDEOHV��7KLV�DVVRFLDWLYH�WHQGHQF\�H[DFHUEDWHV�ZKDW�LV�UHIHUUHG�WR�DV�WKH�SUREOHP�RI�
DOJRULWKPLF�ELDV
�

GHQRWLQJ�WKH�ZD\�LQ�ZKLFK�VRFLR�WHFKQLFDO�DSSDUDWXVHV�WKDW�OHYHUDJH�VWDWLVWLFDO��SUREDELOLW\�EDVHG��PRGHOV

WR�JXLGH�GHFLVLRQ�PDNLQJ�IUHTXHQWO\�PDNH�SUHGLFWLRQV�EDVHG�XSRQ�LPSOLFLWO\�UDFLDOLVHG�GDWD��DPSOLI\LQJ

SDWWHUQV�RI�VRFLDO�ELDV��6DIL\D�1REOH�DUJXHV�WKDW�WKHVH�SUDFWLFHV�HQDFW�VLPLODU�IRUPV�RI�H[FOXVLRQ�DQG

GLVFULPLQDWLRQ�WR�ÑUHGOLQLQJÒ�SUDFWLFHV�LQ�WKH�8QLWHG�6WDWHV��7KH�FRPSXWDWLRQ�RI�SUREDELOLWLHV��ZKHWKHU�IRU

PHGLFDO�GLDJQRVHV��FUHGLW�DOORFDWLRQ�RU�HYHQ�VHDUFK�HQJLQH�UHVXOWV��GHSHQGV�XSRQ�SDWWHUQ�EDVHG

DEVWUDFWLRQV�H[WHQGLQJ�D�VHULHV�RI�HTXLYDOHQFLHV�DQG�SUREDELOLWLHV�IURP�WKH�SK\VLRORJLFDO�GHVLJQDWLRQV�RI

WKH�UDFLDOLVHG�ERG\��SUR[LHG�IRU�E\�D�ZLGH�UDQJH�RI�FODVV�FRQGLWLRQV�WKDW�UHIOHFW�DQG�IRVWHU�VWUXFWXUDO

LQHTXDOLWLHV��VXFK�DV�DFFHVV�WR�KRXVLQJ��HGXFDWLRQ�KLVWRU\��HPSOR\PHQW�RSSRUWXQLWLHV��OLIH�H[SHFWDQF\�DQG

VR�RQ��5DPRQ�$PDUR�SURYLGHV�D�XVHIXO�DUWLFXODWLRQ�RI�WKHVH�GLVFULPLQDWRU\�ORJLFV��SRVLWLQJ�WKDW�LQ�WKH

UHDOP�RI�KXPDQ�GLIIHUHQFH��PDFKLQH�OHDUQLQJ�KDV�EHFRPH�ÑD�SURMHFWLRQ�RI�DQ�DOUHDG\�UDFLDOLVHG�LPDJLQDU\

HQDFWHG�WKURXJK�WHFKQRORJLFDO�VROXWLRQ�Ï�DQ�LPDJLQDU\�WKDW�DOUHDG\�XQGHUVWDQGV�WKH�EODFN��EURZQ�

FULPLQDOLVHG��JHQGHUHG�DQG�RWKHUZLVH�2WKHUHG�KXPDQ�DV�WKH�SULQFLSOH�VLWH�RI�H[FOXVLRQ��TXDQWLILFDWLRQ��DQG

VRFLDO�RUJDQLVDWLRQ�Ò>��@�$V�VXFK��PDFKLQH�OHDUQLQJ�FDQ�EH�VHHQ�WR�UHSOD\�WKH�)DQRQLDQ�SUREOHPDWLFV�RI

FRUSRUHDO�UHSUHVHQWDWLRQ�DQG�SV\FKLF�GLIIHUHQWLDWLRQ�ZLWKLQ�WKH�VSKHUH�RI�SUHGLFWLYH�FRPSXWDWLRQ�

FRQWDPLQDWHG�E\�WKH�OHJDFLHV�DQG�PRWLYDWLRQV�RI�WKH�FRORQLDO�DUUDQJHPHQW�

*LYHQ�WKHVH�PDQLIHVWDWLRQV�RI�UDFH�ZLWKLQ�PDFKLQH�OHDUQLQJ��ERWK�DW�WKH�OHYHO�RI�YLVXDO�UHFRJQLWLRQ

DQG�ZLWKLQ�KLVWRULFDO�GDWD�GLVWULEXWLRQV��ZH�FDQ�VHH�WKDW�WKH�SUREOHP�RI�UDFH�LV�EHVW�HQFDSVXODWHG�QRW�E\�WKH

TXHVWLRQ�RI�QRQ�UHFRJQLWLRQ��EXW�RI�UHFRJQLWLRQ�ZLWKLQ�D�GLVFXUVLYH�HQYLURQPHQW�WKDW�KDV�DVVHUWHG�UDFH�DV�D

FRKHUHQW�PHWULF�IRU�WKH�FODVVLILFDWLRQ�RI�SHRSOH�DV�ZHOO�DV�D�PHDQLQJIXO�SUHGLFWRU�RI�IXWXUH�EHKDYLRXU��0XFK
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DV�)DQRQ�VXJJHVWV��UDFLDOLVHG�VXEMHFWV�DUH�ÑRYHUGHWHUPLQHG�IURP�ZLWKRXWÒ��VXEMHFW�WR�WKH�OHJDFLHV�DQG

LQMXVWLFHV�FRQVRQDQW�ZLWK�UDFLDO�LGHQWLILFDWLRQ�DQG�WKHLU�UHDUWLFXODWLRQ�ZLWKLQ�FRQWHPSRUDU\�WHFKQLFDO

LQIUDVWUXFWXUH��&RQWHPSRUDU\�DSSOLFDWLRQV�RI�PDFKLQH�OHDUQLQJ>��@�,Q�GRLQJ�VR��SDWWHUQV�RI�SUREDELOLW\

UHDFK�DFURVV�ERGLHV�WR�IRUP�WKH�UHFXUUHQW�SRVVLELOLW\�RI�DQ�REMHFW�ERWK�OHJLEOH�DQG�FRPSXWDEOH��FRQWLJXRXV

ZLWK�WKH�UDFLDOLVHG�H[WHULRU�DQG�LQWHULRU�IHDWXUHV�RI�DQ�LQGLYLGXDO��&RHUFHG�LQWR�DQ�H[WHQVLYH�FDXVDO�VXUIDFH�

WKH�G\QDPLVPV�RI�OLYLQJ��EUHDWKLQJ�LQGLYLGXDOV�DUH�SXOOHG�WRJHWKHU�E\�WKH�HSLGHUPDO�ORJLF�GHVFULEHG�E\

)DQRQ�

>�@�6LPRQH�%URZQH��Ñ'LJLWDO�(SLGHUPDOL]DWLRQ��5DFH��,GHQWLW\�DQG�%LRPHWULFVÒ��&ULWLFDO�6RFLRORJ\��
��������)HEUXDU\�����������S������

>�@�-R\�%XRODPZLQL��7LPQLW�*HEUX��
*HQGHU�6KDGHV��,QWHUVHFWLRQDO�$FFXUDF\�'LVSDULWLHV�LQ
&RPPHUFLDO�*HQGHU�&ODVVLILFDWLRQ
��3URFHHGLQJV�RI�0DFKLQH�/HDUQLQJ�5HVHDUFK��������������SS���Ï���

>�@�6HH�6DIL\D�1REOH��$OJRULWKPV�RI�2SSUHVVLRQ��1HZ�<RUN��1HZ�<RUN�8QLYHUVLW\�3UHVV��������

>�@�6L\DR�)X��+DLER�+H��=HQJ�*XDQJ�+RX��
/HDUQLQJ�5DFH�IURP�)DFH��$�6XUYH\
��,(((�7UDQVDFWLRQV�RQ
3DWWHU�$QDO\VLV�DQG�0DFKLQH�,QWHOOLJHQFH�����������'HFHPEHU����������)LJ�����

>�@�)UDQW]�)DQRQ��%ODFN�6NLQ��:KLWH�0DVNV��/RQGRQ��3OXWR�3UHVV���������S�����

>�@�6WXDUW�+DOO��7KH�)DFW�RI�%ODFNQHVV��)UDQW]�)DQRQ�DQG�9LVXDO�5HSUHVHQWDWLRQ��HG��$ODQ�5HDG
�/RQGRQ��,&$���������S�����

>�@�)DQRQ��%ODFN�6NLQ��:KLWH�0DVNV��S�����

>�@�KWWSV���YHQWXUHEHDW�FRP������������H[DPVRIWV�UHPRW���

>�@�KWWSV���ZZZ�QHZVFLHQWLVW�FRP�DUWLFOH���������XN�OD���

>��@�)RU�LQVWDQFH��LQ�WKH�FDVH�RI�IDFLDO�UHFRJQLWLRQ�IRU�WKH�+RPH�2IILFHÒV�DXWRPDWHG�SDVVSRUW�SKRWR
SURFHVVLQJ�VHUYLFH��D�)UHHGRP�RI�,QIRUPDWLRQ�UHTXHVW�UHYHDOHG�WKDW�WHVWV�KDG�EHHQ�FDUULHG�RXW
VKRZLQJ�D�SRRU�UHVXOW�RQ�GDUNHU�VNLQQHG�IDFHV��\HW�WKH�VHUYLFH�ZDV�GHHPHG�ÑVXIILFLHQW�HQRXJK�WR
GHSOR\Ò��6HH�KWWSV���ZZZ�ZKDWGRWKH\NQRZ�FRP�UHTXHVW�VNLQBFRORXU���

>��@�'LYHUVLW\�LQ�)DFHV��KWWSV���DU[LY�RUJ�DEV�������������

>��@�,W�LV�ZRUWK�QRWLQJ�WKDW��LQ�WKH�ZDNH�RI�JOREDO�%ODFN�/LYHV�0DWWHU�SURWHVWV�VSDUNHG�E\�WKH�GHDWKV�RI
*HRUJH�)OR\G��%UHRQQD�7D\ORU�DQG�FRXQWOHVV�RWKHUV�DW�WKH�KDQGV�RI�WKH�SROLFH��,%0�FKRVH�WR
DQQRXQFH�D�PRUDWRULXP�RQ�WKH�VDOH�RI�IDFLDO�UHFRJQLWLRQ�WHFKQRORJ\��DQG�WR�RSHQ�D�GLDORJXH�RQ
ÑZKHWKHU�DQG�KRZ�IDFLDO�UHFRJQLWLRQ�WHFKQRORJ\�VKRXOG�EH�HPSOR\HG�E\�GRPHVWLF�ODZ�HQIRUFHPHQW
DJHQFLHVÒ��:KLOVW�WKLV�JDUQHUHG�PXFK�DSSODXVH�IURP�Ñ$,�(WKLFVÒ�DGYRFDWHV��WKH�PRUH�F\QLFDO�DPRQJ
XV�PD\�QRWH�WKDW�WKHLU�DQQRXQFHPHQW�RQO\�VWDWHG�WKDW�WKH\�ZRXOG�QR�ORQJHU�RIIHU�ÑJHQHUDO�SXUSRVH
,%0�IDFLDO�UHFRJQLWLRQ�RU�DQDO\VLV�VRIWZDUHÒ�IRU�VDOH��:KHWKHU�WKH�VRIWZDUH�ZRXOG�UHPDLQ�DYDLODEOH�IRU
FXVWRP�LPSOHPHQWDWLRQV��VXFK�DV�LQ�SROLFH�ERG\�FDPHUD�RIIHULQJV��DV�WKH\�DGYHUWLVH�HOVHZKHUH�RQ
WKHLU�ZHEVLWH��LV�XQFOHDU�

>��@�$PD]RQÒV�5HNRJQLWLRQ�VRIWZDUH��IRU�LQVWDQFH��SURYLGHV�D�FRQILGHQFH�VFRUH�IRU�IDFLDO�HPRWLRQ��6HH
KWWSV���GRFV�DZV�DPD]RQ�FRP�UHNRJQLWLRQ�ODWHVW�GJ����

>��@�/DXUHQ�5KXH��Ñ5DFLDO�,QIOXHQFH�RQ�$XWRPDWHG�3HUFHSWLRQV�RI�(PRWLRQVÒ��1RYHPEHU����������
$YDLODEOH�DW�6651��KWWSV���VVUQ�FRP�DEVWUDFW ��������RU�KWWS���G[�GRL�RUJ���������VVUQ��������

>��@�KWWSV���UHDOOLIHPDJ�FRP�PRUH�WKDQ�D�IHHOLQJ�

>��@�5DPRQ�$PDUR��$,�DQG�WKH�(PSLULFDO�5HDOLW\�RI�D�5DFLDOLVHG�)XWXUH�LQ�$,��0RUH�7KDQ�+XPDQ
�/RQGRQ��%DUELFDQ���������S������

>��@�+DOO��7KH�)DFW�RI�%ODFNQHVV��S�����

0XUDG�.KDQ

0XUDG�.KDQ�LV�D�3K�'�UHVHDUFKHU�DW�8QLYHUVLW\�&ROOHJH�/RQGRQ�DQG�D�9LVLWLQJ�3UDFWLWLRQHU�DW�8$/��&HQWUDO

6DLQW�0DUWLQV��'LUHFWHG�WKURXJK�DQ�HPHUJLQJ�SKLORVRSK\�RI�QRLVH�DQG�DGYHUVDULDO�PDFKLQH�OHDUQLQJ��KLV

https://venturebeat.com/2020/09/29/examsofts-remote-bar-exam-sparks-privacy-and-facial-recognition-concerns/
https://www.newscientist.com/article/2219284-uk-launched-passport-photo-checker-it-knew-would-fail-with-dark-skin/
https://www.whatdotheyknow.com/request/skin_colour_in_the_photo_checkin#incoming-1443718;
https://arxiv.org/abs/1901.10436
https://docs.aws.amazon.com/rekognition/latest/dg/API_Emotion.html
https://ssrn.com/abstract=3281765
https://dx.doi.org/10.2139/ssrn.3281765
https://reallifemag.com/more-than-a-feeling/
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UHVHDUFK�VHHNV�WR�UHDG�)UDQW]�)DQRQ�DV�D�SKLORVRSKHU�RI�LQIRUPDWLRQ��EULGJLQJ�KLV�ZRUN�RQ�WKH�SV\FKLF

RSHUDWLRQV�RI�UDFLDOLVDWLRQ�ZLWK�*LOEHUW�6LPRQGRQÒV�SKLORVRSK\�RI�LQGLYLGXDWLRQ�LQ�DQ�H[SORUDWLRQ�RI

SV\FKRSDWKRORJ\�DQG�WKH�OLPLWV�RI�UHDVRQ�



/HRQDUGR�,PSHWW

(QQDRNKU@AKD
"NMSQ@CHBSHNMRÜHM

 KFNQHSGLHBÜ3GNTFGS
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)LJXUH����7KH�UHODWLYH�IUHTXHQF\�RI�WKH�WHUP�ÑZLQ�ZLQÒ�LQ�WKH�*RRJOH�%RRNV�(QJOLVK�ODQJXDJH�FRUSXV�
IURP�WKH�*RRJOH�%RRNV�1JUDPV�9LHZHU

Ñ$�PDQ�FDQQRW�KDYH�KLV�FDNH�DQG�HDW�KLV�FDNHÒ

Ï�7KRPDV�+RZDUG��WKH��UG�'XNH�RI�1RUIRON��WR�7KRPDV�&URPZHOO�����0DUFK������>�@

7KH�ÑZLQ�ZLQÒ�VLWXDWLRQ�LV�SHUKDSV�WKH�PRVW�FKDUDFWHULVWLF�UKHWRULFDO�GHYLFH�RI�ODWH�FDSLWDOLVP��<RXÒOO

ILQG�LW�IUHTXHQWO\�LQ�WKH�ZKLWH�SDSHUV�RI�1HROLEHUDO�WKLQN�WDQNV�DQG�FRPSDQ\�DQQXDO�UHSRUWV��EXW�D�UHFHQW

IRUP�RI�SDUWLFXODU�SUHYDOHQFH�FRPELQHV�PRUDO�DEVROXWLRQ�ZLWK�HFRQRPLF�JURZWK��Ñ(OHFWULF�FDUV�HPLW�QR

FDUERQ��DQG�WKH\ÒUH�D�ORW�IDVWHU�IURP��Ï���Ò�Ñ2IIVKRULQJ�GRHVQÒW�MXVW�VDYH�XV�PRQH\��LW�LQYHVWV�LQ�GHYHORSLQJ

HFRQRPLHV�Ò�Ñ:H�FDQ�WDFNOH�ELDV�DQG�XQIDLUQHVV�LQ�$,�E\�PDNLQJ�RXU�ZRUNIRUFH�PRUH�GLYHUVH��ZKLFK�ZLOO

DOVR�PDNH�XV�PRUH�SURILWDEOH�
>�@

7KHVH�KDSS\�YLFWRULHV��HYHQ�LI�JHQXLQH��DUH�RIWHQ�SRLQWHUV�WR�LQVXIILFLHQF\��$IWHU�DOO��FDSLWDOLVPÒV

DELOLW\�WR�UDGLFDOO\�VHOI�LQYHQW�LQ�WKH�LQWHUHVW�RI�LWV�RZQ�SURILWV�KDV�QHYHU�EHHQ�LQ�GRXEW��:KDW�LV�LQ�GRXEW�LV

LWV�DELOLW\�WR�VROYH�TXHVWLRQV�RI�SXEOLF�JRRG�DJDLQVW�LWV�RZQ�FRPPHUFLDO�LQWHUHVWV��7DNH�WKH�SUHFHGHQWV�RI

WREDFFR�DQG�SXEOLF�KHDOWK��RU�RLO�DQG�FOLPDWH�FKDQJH��ZKHUHYHU�FRPPRQ�LQWHUHVWV�SRVH�DQ�H[LVWHQWLDO

WKUHDW�WR�DQ�LQGXVWU\ÒV�VXUYLYDO��WKDW�LQGXVWU\�KDV�KLVWRULFDOO\�UHVSRQGHG�WKURXJK�WKH�WDFWLFV�RI�FRQIXVLRQ

DQG�GHOD\�

6R��ZKHQ�0LFURVRIW�OLVWV�ÑLQFOXVLYHQHVVÒ�DQG�ÑIDLUQHVVÒ�DV�WZR�RI�WKH�VL[�JXLGLQJ�SULQFLSOHV�IRU

5HVSRQVLEOH�$,�Ï�LQGHHG��ZKHQ�0LFURVRIW�HYHQ�FRQVLGHUV�WKH�LGHD�RI�KDYLQJ�D�FHQWUDO�SROLF\�RQ�5HVSRQVLEOH

$,�Ï�ZH�PD\�ZHOO�IHHO�WKH�VDPH�NLQG�RI�VFHSWLFLVP�SURYRNHG�E\��VD\��3KLOLS�0RUULVÒ������DQWL�VPRNLQJ

DGYHUWLVLQJ�

7R�IHHO�WKLV��KRZHYHU��ZRXOG�EH�WR�PLVXQGHUVWDQG�WKH�VLWXDWLRQ�RQ�WKH�JURXQG��&RUSRUDWH�$,�ODEV�KDYH

EHFRPH�VHULRXV�QRGHV�IRU�FULWLFDO�WKRXJKW�DURXQG�WKH�UROH�RI�$,�LQ�VRFLHW\��7KLV�\HDU��D�SDSHU�RQ�IDLUQHVV�LQ

$,�IURP�0LFURVRIW�5HVHDUFK�ZRQ�WKH�%HVW�3DSHU�DZDUG�DW�WKH�SUHVWLJLRXV�&+,�&RQIHUHQFH�RQ�+XPDQ

)DFWRUV�LQ�&RPSXWLQJ�6\VWHPV�>�@�DQG�D�ODUJH�DPRXQW�RI�LQWHUQDWLRQDOO\�UHOHYDQW�UHVHDUFK�LV�SURGXFHG�E\

RWKHU�PDMRU�FRUSRUDWH�WHFK�SOD\HUV��0\�RZQ�ILUVW�HQFRXQWHU�ZLWK�FULWLFDO�DSSURDFKHV�WR�$,�ZDV�DV�SDUW�RI�D

SDLG�LQWHUQVKLS�DW�0LFURVRIW�5HVHDUFKÒV�&DLUR�RIILFH��ZKHUH�Ï�DV�DQ�(QJLQHHULQJ�XQGHUJUDGXDWH�Ï�P\�PDLQ

SURMHFW�ZDV�D�%RXUGLHXLDQ�UHDGLQJ�RI�D�FRPPRQO\�XVHG�FRPSXWHU�YLVLRQ�GDWDVHW��/DVW�\HDU��$PD]RQ

DQQRXQFHG�D����P�IXQGLQJ�WUDFN�ZLWK�WKH�86�1DWLRQDO�6FLHQFH�)RXQGDWLRQ�RQ�)DLUQHVV�LQ�$UWLILFLDO
,QWHOOLJHQFH�

2I�FRXUVH�Ï�GHVSLWH�WKHLU�ZHOO�SXEOLFLVHG�HIIRUWV�WRZDUGV�IDLUHU�$,�Ï�$PD]RQ��*RRJOH��0LFURVRIW�

2UDFOH�DQG�,%0�DOO�ELG�IRU�D�����ELOOLRQ�FORXG�FRPSXWLQJ�FRQWUDFW�ZLWK�WKH�86�'HSDUWPHQW�RI�'HIHQVH�LQ

����Ï����,Q�2FWREHU�������*RRJOH�GURSSHG�RXW�RI�WKH�ELG��DSSDUHQWO\�EHFDXVH�LW�ÑFRXOGQ
W�EH�DVVXUHG�WKDW�LW

ZRXOG�DOLJQ�ZLWK�RXU�$,�3ULQFLSOHVÒ��$�SURJUHVVLYH�FDSLWDOLVP�ZRUNLQJ�DJDLQVW�LWV�RZQ�SURILWV"�1RW�TXLWH�Ï
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*RRJOHÒV�GHFLVLRQ�FDPH�DIWHU�VHYHQ�PRQWKV�RI�WUDGLWLRQDO�RUJDQLVHG�ZRUNHU�SUHVVXUH��LQFOXGLQJ

GHPRQVWUDWLRQV�DQG�KLJK�SURILOH�UHVLJQDWLRQV��)RU�*RRJOH��0LFURVRIW�DQG�$PD]RQ��WKH�SROLWLFDO�VLWXDWLRQ�LV

RQH�RI�LQWHUQDO�GLVVRQDQFH�UDWKHU�WKDQ�FDOFXODWHG�K\SRFULV\��LQ�+HJHOLDQ�0DU[LVW�WHUPV��ZH�PLJKW�FDOO�LW�D

FROODWHUDO�FRQWUDGLFWLRQ��1HEHQZLGHUVSUXFK���7KLV�FRQWUDGLFWLRQ�RQ�WKH�FRUSRUDWH�OHYHO�LQWHUSOD\V�ZLWK�DQ

XQGHUO\LQJ�FRQWUDGLFWLRQ�DW�WKH�DOJRULWKPLF�OHYHO��SDUWLFXODUO\�LQ�UHODWLRQ�WR�GHHS�OHDUQLQJ�WHFKQLTXHV�

7KH�WHFKQLFDO�ERUGHUV�RI�ÑGHHS�OHDUQLQJÒ�DUH�QRW�SHUIHFWO\�GHOLQHDWHG��EXW�ZH�XQGHUVWDQG�LW�WR�UHIHU�WR

D�VXEVHW�RI�PDFKLQH�OHDUQLQJ�DOJRULWKPV�FDOOHG�QHXUDO�QHWZRUNV��7KHVH�QHXUDO�QHWZRUNV�DUH�JHQHUDOO\

GLYLGHG�LQWR�VHSDUDWH�OD\HUV��ZKHUH�WKH�RXWSXW�RI�RQH�OD\HU�LV�LWVHOI�WKH�LQSXW�WR�WKH�QH[W��DQG�VR�RQ���:H�FDOO

D�QHXUDO�QHWZRUN�ÑGHHSÒ�>�@�ZKHQ�LW�KDV�D�UHODWLYHO\�ODUJH�QXPEHU�RI�VXFK�OD\HUV��%HIRUH�GHHS�OHDUQLQJ�

PDFKLQH�OHDUQLQJ�WHFKQLTXHV�JHQHUDOO\�KDG�WR�UHO\�RQ�KDQG�FUDIWHG�IHDWXUHV�RI�WKH�GDWD��5DWKHU�WKDQ�EHLQJ

IHG�ZLWK�LQGLYLGXDO�SL[HO�YDOXHV��HDUO\�PDFKLQH�OHDUQLQJ�DOJRULWKPV�IRU�LPDJHV�ZHUH�IHG�D�VSUHDGVKHHW�RI

VHFRQGDU\�LQIRUPDWLRQ�DERXW�DQ�LPDJH��EULJKWQHVV��DYHUDJH�FRORXUV��JUDGLHQWV�DQG�VLOKRXHWWHV��7KH

ÑGHSWKÒ��L�H��ODUJH�QXPEHU�RI�QHXUDO�OD\HUV��RI�GHHS�QHXUDO�QHWZRUNV�DOORZV�WKHP��LQVWHDG��WR�ZRUN�RQ

XQDGXOWHUDWHG�UDZ�GDWD��RQ�SL[HO�YDOXHV�WKHPVHOYHV�>�@

7R�LOOXVWUDWH�WKH�GDQJHURXV�FRPSOLFDWLRQV�WKDW�GHHS�QHWZRUNV�LQWURGXFH��OHW
V�FRQVLGHU�D�FDVH�VWXG\�

ÑVPDUWÒ�&&79�V\VWHPV�WKDW�DOHUW�VHFXULW\�ZKHQ�DQ�ÑDQRPDORXVÒ�HYHQW�RFFXUV��7KH�LQGXVWU\�IRU�KRPH�ÑVPDUWÒ

VXUYHLOODQFH�WHFKQRORJ\��VXFK�DV�$PD]RQÒV�&&79�HQDEOHG�5LQJ��LV�VZLIWO\�UHDFKLQJ�WKH����EQ�PDUN�>�@�DQG

ÑDQRPDO\�GHWHFWLRQÒ�KDV�EHFRPH�DQ�LPSRUWDQW�DSSOLFDWLRQ�GRPDLQ�IRU�UHVHDUFK�LQ�GHHS�OHDUQLQJ�>�@

/HW
V�DVVXPH�WKDW�ZH�WUDLQ�RXU�GHHS�&&79�DOJRULWKP�RQ�D�GDWDVHW�RI�UHDO�VHFXULW\�FDPHUD�IRRWDJH�

WDNHQ�DW�UDQGRP�IURP�DFURVV�WKH�8QLWHG�6WDWHV��ZKHUH�PRVW�$,�FRPSDQLHV�DUH�EDVHG���:H�PDUN�DQ\�HYHQW

WKDW�HYHQWXDOO\�OHG�WR�DQ�REVHUYHG�SHUVRQ
V�LQFDUFHUDWLRQ�DQ�ÑDQRPDO\Ò��DQ�H[DPSOH�IURP�ZKLFK�WR�OHDUQ��,I

RXU�GDWDVHW�LV�XQELDVHG�LQ�WKH�RUWKRGR[�VWDWLVWLFDO�VHQVH��L�H��LI�LW�FRQWDLQV�D�UHSUHVHQWDWLYH�VDPSOH�RI�86

DUUHVWV��ZH�ZRXOG�ILQG�RXU�VPDUW�&&79�GDWDVHW�FRQWDLQHG�EODFN�SHRSOH�LQYROYHG�LQ�VXFK�ÑDQRPDORXVÒ

HYHQWV�DW�ILYH�WLPHV�WKH�IUHTXHQF\�RI�WKH�ZKLWH�SRSXODWLRQ�>�@�,I�ZH�WKHQ�WUDLQHG�D�SHUIHFW�GHHS�OHDUQLQJ

PRGHO�Ï�LH�RQH�WKDW�ZDV�DEOH�WR�SHUIHFWO\�UHSURGXFH�WKH�GHFLVLRQ�PDNLQJ�SURFHVVHV�LPSOLFLW�LQ�LWV�WUDLQLQJ

GDWD�Ï�ZH�ZRXOG�KDYH�EXLOW�D�&&79�V\VWHP�WKDW�IODJV�EODFN�SHRSOH�DV�LQFLGHQWV�WR�EH�LQYHVWLJDWHG�ILYH�WLPHV

PRUH�IUHTXHQWO\�WKDQ�ZKLWH�SHRSOH��(YHQ�ZRUVH��LI�RXU�FODVVLILHU�ZDV�QRW�SHUIHFWO\�DFFXUDWH��ZH�DOO�Ï�KXPDQ

RU�PDFKLQH�Ï�KDYH�VRPH�SUREDELOLW\�RI�HUURU���WKH�ÑIDOVH�SRVLWLYHÒ�UDWH�IRU�EODFN�SHRSOH�ZRXOG�Ï�WKURXJK�WKH

DVVRFLDWLYH�ORJLF�RI�%D\HVLDQ�UHDVRQLQJ�Ï�DOVR�EH�DW�DURXQG������RI�WKH�UDWH�IRU�WKH�ZKLWH�SRSXODWLRQ��,Q

IDFW��WKLV�ZRXOG�EH�URXJKO\�FRQVLVWHQW�ZLWK�WKH�UDWH�DW�ZKLFK�EODFN�SHRSOH�DUH�GLVSURSRUWLRQDWHO\�VWRSSHG

ZLWKRXW�MXVW�FDXVH�>�@

7KLV�DFWLYH�SUHMXGLFH�ZRXOG�EH�SUHVHQW�LQ�D�GHHS�&&79�V\VWHP�WKDW�ZDV�QHYHU�H[SOLFLWO\�SURJUDPPHG

WR�WDNH�DFFRXQW�RI�UDFH�DV�D�YDULDEOH��,Q�WKH�ZRUOG�RI�GHHS�OHDUQLQJ��DQ\WKLQJ�LPSOLFLW�LQ�SL[HO�YDOXHV�LV�IDLU

JDPH��SUHMXGLFH�LV�SUHVHQW�LQ�WKH�GHHS�OHDUQLQJ�V\VWHP��EHFDXVH�LW�ZDV�SUHVHQW�LQ�WKH�GDWD��0DQ\�SRLQW�

WKHUHIRUH��WR�WKH�SRVVLELOLW\�RI�FUHDWLQJ�OHVV�ELDVHG�GDWDVHWV�Ï�XWRSLF�GDWD��7KLV�PD\�EH�SRVVLEOH�IRU�WKH

GXDOLVWLF�ZKLWH�EODFN�GLVWLQFWLRQ�GUDZQ�LQ�WKH�WKRXJKW�H[SHULPHQW�DERYH��EXW�KRZ�FRXOG�ZH�SRVVLEO\�FUHDWH

SHUIHFWO\�IDLU�WUDLQLQJ�GDWD�WKDW�EDODQFHV�WKH�FRPSOH[�QHWZRUN�RI�LQWHUVHFWLQJ�SUHMXGLFHV��VH[XDOLW\��JHQGHU�

VRFLDO�FODVV��LQFRPH��QDWLRQDOLW\��GLVDELOLW\��KLQWHG�DW�LQ�WKRVH�UDZ�SL[HO�YDOXHV"�7KH�SUREOHP�LV�HYHQ

JUHDWHU�IRU�VR�FDOOHG�ÑRQOLQH�PDFKLQH�OHDUQLQJÒ��RIWHQ�LQYROYLQJ�ÑUHLQIRUFHPHQW�OHDUQLQJÒ���V\VWHPV�WKDW

FRQWLQXRXVO\�VHOI�LPSURYH�EDVHG�RQ�H[DPSOHV�WKH\�IDFH�LQ�WKH�UHDO�ZRUOG��,Q�WKHVH�V\VWHPV��ZKLFK�PDNH�XS

D�VLJQLILFDQW�SRUWLRQ�RI�FRPPHUFLDOO\�DSSOLHG�$,��H�J��VHDUFK�HQJLQHV���ZH�FDQQRW�LQWURGXFH�XWRSLF�GDWD�

VLQFH�OLYH�LQIRUPDWLRQ�DERXW�KRZ�WKH�V\VWHP�LQWHUDFWV�ZLWK�WKH��G\VWRSLF��UHDO�ZRUOG�LV�LQWHJUDO�WR�KRZ�LW

ZRUNV�DQG�OHDUQV�

$V�/RXLVH�$PRRUH�ZULWHV��ÑWKH�IHDWXUHV�WKDW�VRPH�ZRXOG�OLNH�WR�H[FLVH�IURP�WKH�DOJRULWKP�Ï�ELDV�

DVVXPSWLRQV��ZHLJKWV�Ï�DUH�URXWHV�LQWR�RSHQLQJ�XS�WKHLU�SROLWLFVÒ��,QGHHG��UHFHQW�UHVHDUFK�LQWR�DOJRULWKPLF

ELDV�DOORZV�XV�WR�WKLQN�WKURXJK�WKLV�TXDJPLUH�ZLWK�FRQVLGHUDEO\�PRUH�SUHFLVLRQ�DQG�QXDQFH��ZLWK

LPSOLFDWLRQV�IDU�EH\RQG�FRPSXWHU�VFLHQFH��,Q�������-RQ�.OHLQEHUJ��6HQGKLO�0XOODLQDWKDQ�DQG�0DQLVK
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5DJKDYDQ�VKRZHG�>��@�WKDW�LQ�DQ\�UHDO�ZRUOG�VRFLHW\��>��@�LW�LV�H[FHHGLQJO\�GLIILFXOW�WR�PDNH�D�ÑIDLUÒ

DOJRULWKP��0RUH�VSHFLILFDOO\��LW�LV�LPSRVVLEOH�WR�FODVVLI\�GDWD�LQ�D�ZD\�WKDW�PHHWV�VHYHUDO�ZHOO�HVWDEOLVKHG

GHILQLWLRQV�RI�IDLUQHVV�DW�WKH�VDPH�WLPH��ODFN�RI�DFWLYH�GLVFULPLQDWLRQ��HTXDO�IDOVH�SRVLWLYH�UDWHV��HTXDO�IDOVH

QHJDWLYH�UDWHV���:KDW
V�PRUH��WKH�UHVXOW�RI�D�ÑIDLUÒ�FODVVLILFDWLRQ��WKURXJK�ZKLFKHYHU�GHILQLWLRQ�RI�IDLUQHVV��LV

QRW�WKH�PRVW�DFFXUDWH�FODVVLILFDWLRQ��7KHUH�H[LVWV��LQ�RWKHU�ZRUGV��D�VWUXFWXUDO�FRQWUDGLFWLRQ�EHWZHHQ�WKH

FODVVLILFDWRULDO�ORJLFV�RI�QRQ�GLVFULPLQDWLRQ�DQG�RI�DFFXUDF\��DQG�WKHUHIRUH�SURILW��>��@

:H�KDYH�EHHQ�WDONLQJ�DERXW�DOJRULWKPV��EXW�ZKDW�PDNHV�WKH�.OHLQEHUJ�SURRI�VR�SRZHUIXO�LV�WKDW�LW�LV

EDVHG�RQO\�RQ�WKH�HYHQWXDO�GHFLVLRQV�WDNHQ��LW�KROGV�WUXH��QR�PDWWHU�ZKR�PDNHV�WKH�FODVVLILFDWLRQ�GHFLVLRQV

�GHHS�OHDUQLQJ�DOJRULWKP�RU�KXPDQ��UHDFWLRQDU\�RU�SURJUHVVLYH���7KH�FROODWHUDO�FRQWUDGLFWLRQV

�1HEHQZLGHUVSU¾FKH��LQ�WKH�FRUSRUDWH�EHKDYLRXU�RI�%LJ�7HFK��RU�LQ�WKH�GLVFULPLQDWRU\�ORJLFV�RI�GHHS

OHDUQLQJ��KDYH�WKHLU�KHDUW�LQ�WKH�IXQGDPHQWDO�FRQWUDGLFWLRQ��+DXSWZLGHUVSUXFK��WKDW�.OHLQEHUJÒV�SURRI

GHVFULEHV��,W�IRUFHV�XV�WR�FRQIURQW�KHDG�RQ�WKH�D[LRP��GDWLQJ�EDFN�DW�OHDVW�WR�:HEHU��XQGHUO\LQJ�WKH�ÑZLQ�

ZLQÒ�VROXWLRQ��WKDW�D�IDLU�VROXWLRQ�LV�DOVR�DQ�HIILFLHQW�VROXWLRQ��(IILFLHQF\�UHOLHV�RQ�SUHMXGLFH��DQG�HQKDQFHV

LW���DQG�LI�ZH�DUH�WR�WDNH�DQWL�GLVFULPLQDWLRQ�VHULRXVO\��ZH�PXVW�VDFULILFH�DFFXUDF\��HIILFLHQF\��SURILW��JURZWK�

:H�FDQ�QR�ORQJHU�KDYH�RXU�FDNH�DQG�HDW�LW�

>�@�/HWWHUV�DQG�3DSHUV��)RUHLJQ�DQG�'RPHVWLF��+HQU\�9,,,��9ROXPH�����3DUW����-DQXDU\Ï-XO\������
2ULJLQDOO\�SXEOLVKHG�E\�+HU�0DMHVW\
V�6WDWLRQHU\�2IILFH��/RQGRQ���������SS�����Ï���

>�@�6HH��IRU�H[DPSOH��.DUVWHQ�6WUDXVV��Ñ0RUH�(YLGHQFH�7KDW�&RPSDQ\�'LYHUVLW\�/HDGV�7R�%HWWHU
3URILWVÒ��)RUEHV�����-DQXDU\�������6WHSKHQ�7XUEDQ��'DQ�:X�DQG�/HWLDQ�=KDQJ��Ñ5HVHDUFK��:KHQ
*HQGHU�'LYHUVLW\�0DNHV�)LUPV�0RUH�3URGXFWLYHÒ��+DUYDUG�%XVLQHVV�5HYLHZ��)HEUXDU\�����������
-HVVLFD�$OVIRUG��Ñ7KH�GDWD�VKRZ�LW��GLYHUVH�FRPSDQLHV�GR�EHWWHUÒ��)LQDQFLDO�7LPHV��6HSWHPEHU����
������

>�@�0LFKDHO�$��0DGDLR��HW�DO���Ñ&R�'HVLJQLQJ�&KHFNOLVWV�WR�8QGHUVWDQG�2UJDQL]DWLRQDO�&KDOOHQJHV�DQG
2SSRUWXQLWLHV�DURXQG�)DLUQHVV�LQ�$,�Ò�3URFHHGLQJV�RI�WKH������&+,�&RQIHUHQFH�RQ�+XPDQ�)DFWRUV�LQ
&RPSXWLQJ�6\VWHPV�������

>�@�7KH�WHUPLQRORJ\�RULJLQDWHG�LQ�FRQYROXWLRQDO�QHXUDO�QHWZRUNV�IRU�LPDJH�UHFRJQLWLRQ��LQ�ZKLFK�WKH
ÑKHLJKWÒ�DQG�ÑZLGWKÒ�RI�WKH�QHXUDO�ILHOGV�ZHUH�GHWHUPLQHG�E\�WKH�UHVROXWLRQ�RI�WKH�LPDJHV��DQG�WKH
ÑGHSWKÒ�ZDV�WKHUHIRUH�WKH�QXPEHU�RI�QHXUDO�OD\HUV�LQ�WKH�PRGHO�

>�@�2I�FRXUVH��VXFK�GDWD�LV�UDUHO\�ÑUDZÒ�Ï�LQ�WKH�FDVH�RI�PRELOH�SKRQH�LPDJHV��LW�PLJKW�KDYH�SDVVHG
WKURXJK�DXWRPDWLF�VPDUWSKRQH�LPDJH�HQKDQFHPHQW�WHFKQLTXHV��WR�LQFUHDVH�WKH�FRQWUDVW�RU�FRORXU
VDWXUDWLRQ���QRW�WR�PHQWLRQ�WKH�PHGLDWLRQ�RI�D�KXPDQ�DJHQW�FKRRVLQJ�WR�SRLQW�D�FDPHUD�LQ�D�SDUWLFXODU
GLUHFWLRQ�DW�D�SDUWLFXODU�PRPHQW��%XW�LW�LV�ÑUDZÒ�DW�D�WHFKQLFDO�OHYHO�Ï�DOO�WKH�LQIRUPDWLRQ�WKDW�LV�LPSOLFLW
LQ�WKH�SL[HO�YDOXHV�LV�QRZ�XS�IRU�JUDEV�

>�@�7��-��0F&XH��Ñ+RPH�6HFXULW\�&DPHUDV�0DUNHW�7R�6XUSDVV������%LOOLRQ�%\�����Ò��)RUEHV��-DQXDU\
����������

>�@�6HH��IRU�H[DPSOH��.ZDQJ�(XQ�.R�DQG�.ZHH�%R�6LP��Ñ'HHS�FRQYROXWLRQDO�IUDPHZRUN�IRU�DEQRUPDO
EHKDYLRU�GHWHFWLRQ�LQ�D�VPDUW�VXUYHLOODQFH�V\VWHPÒ��(QJLQHHULQJ�$SSOLFDWLRQV�RI�$UWLILFLDO
,QWHOOLJHQFH�������������SS�����Ï���

>�@�1$$&3�&ULPLQDO�-XVWLFH�)DFW�6KHHW��������KWWSV���ZZZ�QDDFS�RUJ�FULPLQDO�MXVWLFH�IDFW�VKHHW�

>�@�1$$&3�&ULPLQDO�-XVWLFH�)DFW�6KHHW��������KWWSV���ZZZ�QDDFS�RUJ�FULPLQDO�MXVWLFH�IDFW�VKHHW�

>��@�-RQ�.OHLQEHUJ��6HQGKLO�0XOODLQDWKDQ�DQG�0DQLVK�5DJKDYDQ��Ñ,QKHUHQW�7UDGH�2IIV�LQ�WKH�)DLU
'HWHUPLQDWLRQ�RI�5LVN�6FRUHVÒ���WK�,QQRYDWLRQV�LQ�7KHRUHWLFDO�&RPSXWHU�6FLHQFH�&RQIHUHQFH��,7&6
�������6FKORVV�'DJVWXKO�/HLEQL]�=HQWUXP�IXHU�,QIRUPDWLN��������

>��@�6SHFLILFDOO\��DQ\�VRFLHW\�LQ�ZKLFK�GLIIHUHQW�JURXSV��ZKDWHYHU�GLVWLQJXLVKHV�WKHP��JHQGHU��UDFH�
VH[XDOLW\�HWF��GR�QRW�KDYH�LGHQWLFDO�SDWWHUQV�RI�EHKDYLRXU�

>��@�2QO\�WZR�HGJH�FDVHV�SURYLGH�VWDWLVWLFDO�FRLQFLGHQFHV�ZKHUH�WKH�DFFXUDWH�DQG�WKH�IDLU�FRLQFLGH�
ÑSHUIHFW�SUHGLFWLRQV
��L�H��ZKHUH�RXU�DOJRULWKP�PDNHV�QR�HUURUV���DQG�ÑHTXDO�EDVH�UDWHVÒ��L�H��ZKHUH
GLIIHUHQW�JURXSV�KDYH�VWDWLVWLFDOO\�LGHQWLFDO�EHKDYLRXUV��

https://www.naacp.org/criminal-justice-fact-sheet/
https://www.naacp.org/criminal-justice-fact-sheet/
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/HRQDUGR�,PSHWW

/HRQDUGR�,PSHWW�LV�$VVLVWDQW�3URIHVVRU�RI�&RPSXWHU�6FLHQFH�DW�'XUKDP�8QLYHUVLW\��+H�ZRUNV�LQ�WKH�GLJLWDO

KXPDQLWLHV��DW�WKH�LQWHUVHFWLRQ�RI�FRPSXWHU�YLVLRQ�DQG�DUW�KLVWRU\��+H�ZDV�SUHYLRXVO\�6FLHQWLVW�DW�WKH

%LEOLRWKHFD�+HUW]LDQD�Ï�0D[�3ODQFN�,QVWLWXWH�IRU�$UW�+LVWRU\��'LJLWDO�+XPDQLWLHV�)HOORZ�DW�9LOOD�,�7DWWL�Ï�WKH

+DUYDUG�8QLYHUVLW\�&HQWHU�IRU�,WDOLDQ�5HQDLVVDQFH�6WXGLHV��DQG�3K'�&DQGLGDWH�DW�WKH��FROH�3RO\WHFKQLTXH

)«G«UDOH�GH�/DXVDQQH��,Q�WU\LQJ�WR�EULQJ�
'LVWDQW�5HDGLQJ
�WR�DUW�KLVWRU\�DQG�YLVXDO�VWXGLHV��KLV�FXUUHQW

UHVHDUFK�IRFXVHV�RQ�XQYHLOLQJ�WKH�LPSOLFLW�LPDJH�WKHRULHV�RI�FRPSXWHU�YLVLRQ��DQG�FRQVWUXFWLQJ�QHZ

FRPSXWHU�YLVLRQ�V\VWHPV�EDVHG�RQ�HDUO\�PRGHUQ�SKLORVRSKLHV�RI�YLVLRQ��+H�LV�DQ�$VVRFLDWH�RI�&DPEULGJH

8QLYHUVLW\�'LJLWDO�+XPDQLWLHV��DQ�$VVRFLDWH�)HOORZ�RI�WKH�=XULFK�&HQWHU�IRU�'LJLWDO�9LVXDO�6WXGLHV��DQG�DQ

$VVRFLDWH�5HVHDUFK�DW�WKH�2USKHXV�,QVWLWXWH�IRU�$UWLVWLF�5HVHDUFK�LQ�0XVLF�



(YD�-¦JHU

"QD@SHUDÜ (Ü+@A�Ü3GD
!@BJ�$MC

$MUHQNMLDMSRÜNE
 QS�,@JHMF
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6WLOO�IURP�IRUWKFRPLQJ�0/�$,�,QWHUIDFHV�7XWRULDO�6HULHV��������,PDJH�FRXUWHV\�RI�7UXVW��%HUOLQ�DQG�5LFDUGR

6DDYHGUD

���7KH�%DFN�HQG�(QYLURQPHQWV�RI�$UW�0DNLQJ

7KH�&UHDWLYH�$,�/DE�LV�D�FROODERUDWLRQ�EHWZHHQ�WKH�5	'�3ODWIRUP�DW�6HUSHQWLQH�*DOOHULHV�DQG�.LQJÒV

&ROOHJH�/RQGRQÒV�'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV��7KH�/DE�IROORZV�WKH�SUHPLVH�WKDW�FXUUHQWO\�ZH�DUH�DW

WKH�HDUO\�VWDJHV�RI�XQGHUVWDQGLQJ�WKH�DHVWKHWLFV�DQG�VHPLRWLFV�RI�ÑDUWLILFLDO�LQWHOOLJHQFHÒ��$,���:H�DOVR

DSSURDFK�$,�DV�D�IUDPHZRUN�WKDW�KROGV�WRJHWKHU�D�QXPEHU�RI�GLVFLSOLQHV��WHFKQRORJLHV�DQG�V\VWHPV

�FUHDWLYH��FXOWXUDO�DQG�FRPSXWDWLRQDO���+LVWRULFDOO\��WKH�WKHPHV�FRQWDLQHG�ZLWKLQ�$,�GLVFRXUVH��VXFK�DV

LQWHUIDFHV��DXWRPDWLRQ��GDWD�DQDO\VLV��DOJRULWKPLF�ELDV��LQWHOOLJHQFH��DOLHQ�ORJLFV��HWF���KDYH�IHDWXUHG�DV

FRUQHUVWRQHV�RI�YDULRXV�K\SHG�WHFKQRORJLHV�LQFOXGLQJ�URERWLFV�DQG�YLUWXDO�UHDOLW\�DQG�PDFKLQH�OHDUQLQJ�

7RGD\��$,�VHUYHV�DV�WKH�ZUDSSHU�YLD�ZKLFK�ZH�HQJDJH�ZLWK�WKHVH�IXQGDPHQWDO�FRQFHSWV�RI�GLJLWDO�FXOWXUH�

)URP�����Ï����6HUSHQWLQH�KDV�FRPPLVVLRQHG�DQG�RYHUVHHQ�WKH�SURGXFWLRQ�RI�D�QXPEHU�RI�DUWZRUNV

ZKHUH�$,�WHFKQRORJLHV�DUH�XVHG�DV�D�WHFKQLFDO�PHGLXP�DV�ZHOO�DV�D�FRQFHSWXDO�UHIHUHQFH�RU�QDUUDWLYH�FXH�

7KH�/DE��ZKLFK�IRUPHG�LQ������DQG�RIILFLDOO\�ODXQFKHG�LQ�-XO\�������QHFHVVDULO\�JUHZ�RXW�RI�D�QHHG�WR

H[SORUH�WKH�H[SHULPHQWDWLRQ�DQG�SURGXFWLRQ�SKDVHV�RI�WKHVH�FRPSOH[�SURMHFWV�DV�FUHDWLYH�DQG

UHVHDUFK�RXWSXWV�LQ�WKHLU�RZQ�ULJKW��%\�IRFXVLQJ�RQ�WKH�SURGXFWLRQ�RU�ÑEDFN�HQGÒ�HQYLURQPHQWV�RI�WKLV�W\SH

RI�DUW�PDNLQJ��ZH�KDYH�EHHQ�DEOH�WR�LQYHVWLJDWH�WKH�WUXO\�QRYHO�ZD\V�LQ�ZKLFK�DUWLVWV�DUH�UHPDNLQJ

LQWHUIDFHV��EXLOGLQJ�GDWDVHWV�DQG�JHQHUDOO\�UHDFKLQJ�LQWR�WKH�JUH\�ER[�RI�$,�WHFKQRORJLHV��>�@

,PSRUWDQWO\��WKLV�HPSKDVLV�RQ�WKH�EDFN�HQG�KDV�OHG�XV�WR�LQVLVW�WKDW�WKH�/DE�KDV�QR�PDQGDWH�WR

FRPPLVVLRQ�RU�VKRZFDVH�IURQW�HQG�DUWZRUNV��,QVWHDG��WKH�&UHDWLYH�$,�/DE�KROGV�VSDFH�IRU�FRQYHUVDWLRQV�

UHVHDUFK�DQG�KDQGV�RQ�H[SHULPHQWDWLRQ�WKDW�DGGUHVVHV�WKH�WHFKQLFDO�IUDPHZRUNV�RI�$,�DQG�WKHLU�LPSDFWV

RQ�DUW�PDNLQJ��DQG�FRQYHUVHO\��WKH�SRVVLEOH�LPSDFWV�RQ�$,�UHVHDUFK�DQG�GHYHORSPHQW�RI�DUW�PDNLQJ�WKDW

GHSOR\V�$,��>�@

7KHUH�DUH�D�FRXSOH�RI�UHDVRQV�WR�LQVLVW�RQ�DQ�H[SORUDWRU\�FUHDWLYH�5	'�IRUPDW�ZLWKLQ�DQ�DUW�

LQVWLWXWLRQDO�VHWWLQJ��)LUVWO\��FRQVWUXFWLQJ�DQ�RUJDQLVDWLRQ�ZLWKLQ�WKH�RUJDQLVDWLRQ�ZH�FDQ�XQELQG�IURP
IURQW�HQG�IRUPDWV�VXFK�DV�H[KLELWLRQV�RU�FRPPLVVLRQV��,QVWHDG��ZH�FDQ�IROORZ�LQ�WKH�VWHSV�RI�DQ

XQGHUUHSUHVHQWHG�ZRUNLQJ�PHWKRG�ZLWKLQ�KXPDQLWLHV�UHVHDUFK�DQG�PXVHXPVÒ�RXWSXW��>�@�6HFRQGO\��ZH

FDQ�SURYLGH�D�QHFHVVDU\�VXSSOHPHQW�WR�WKH�JHQHULF�DSSURDFK�WR�$,�WKDW�WKH�DUW�LQVWLWXWLRQDO�GLVFRXUVH�KDV
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WKXV�IDU�RIIHUHG�LQ�LQWHUSUHWLQJ�WKH�IURQW�HQG�RI�DUWZRUNV�PDGH�XVLQJ�$,�WHFKQRORJLHV��>�@�7R�WKLV�H[WHQW��RXU

PLVVLRQ�LV�WR�GHYHORS�D�FULWLFDO�OLWHUDF\�WKDW�PLJKW�KHOS�DUW�LQVWLWXWLRQV�DSSURDFK�$,�DV�D�QXDQFHG�PHGLXP�LQ

DUW�PDNLQJ��:LWKRXW�WKLV��ZH�ZLOO�FRQWLQXH�WR�UHSURGXFH�QDUUDWLYHV�ZKHUH�DUW�LV�DQ�DQWLGRWH�WR�WHFKQRORJ\
UDWKHU�WKDQ�D�YDOXDEOH�SDUW�RI�LWV�GHYHORSPHQW�

&XOWXUDO�SURGXFHUV�RI�DOO�NLQGV�VKRXOG�EH�LQYROYHG�LQ�IRUPLQJ�WKH�FXOWXUDO�PHDQLQJ�RI�$,�WHFKQRORJLHV�

$QG�VLQFH�ZH�FDQQRW�VHSDUDWH�WKH�FXOWXUDO�PHDQLQJ�RI�D�WHFKQRORJ\�IURP�WKH�WHFKQRORJLFDO�REMHFW�LWVHOI��IRU

LQVWDQFH��WKH�PDFKLQH�OHDUQLQJ�PRGHO���>�@�LW�VHHPV�WKDW�ZH�PXVW�JR�WKURXJK�WKH�EDFN�HQG�
���0DNLQJ�0HDQLQJ�

�:KDW�IROORZV�LV�DQ�H[DPSOH�RI�WKLV�DSSURDFK�WKDW�DOVR�IRUPV�WKH�EDVLV�IRU�RXU�QH[W�LQYHVWLJDWLRQ�DW

WKH�/DE�

$W�D�UHFHQW�WDON��0HUFHGHV�%XQ]��3ULQFLSDO�,QYHVWLJDWRU�RI�WKH�/DE�DQG�6HQLRU�/HFWXUHU�LQ�WKH

'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV��.LQJÒV�&ROOHJH�/RQGRQ��UHLWHUDWHG�WKDW�LI�WKH�DUWV�DQG�KXPDQLWLHV

GLVWDQFH�WKHPVHOYHV�IURP�QLWW\�JULWW\�WHFKQRORJ\�WKURXJK�VLORHG�FULWLTXH�WKH\�ZLOO�EHFRPH�LUUHOHYDQW�

>�@��,QVWHDG��VKH�DQG�WKH�/DE�ZRUN�FORVHO\�ZLWK�FRPSXWHU�VFLHQWLVWV�DV�WKH\�EHJLQ�WR�SLYRW�WRZDUG�VHOI�

FULWLTXH��%XQ]�RIIHUHG�VRPH�LQVLJKWV�WR�XQGHUVWDQGLQJ�$,�WHFKQLF�IURP�WKH�DUWV�DQG�KXPDQLWLHV�SHUVSHFWLYH

Ï�WKURXJK�VHPLRWLF�VWXGLHV�Ï�WKDW�UHPDLQ�XQGHU�XWLOLVHG�LQ�FRPSXWHU�VFLHQFH�

0RVW�QRWDEOH�LV�WKH�FRQFHSW�RI�PHDQLQJ�PDNLQJ�GHVFULEHG�E\�6WXDUW�+DOO��DPRQJ�RWKHUV��DV�D�SURFHVV

RI�ERWK�HQFRGLQJ�DQG�GHFRGLQJ��>�@�,W�LV�D�SURFHVV��%XQ]�DUJXHV��WKDW�KDV�QRZ�EHHQ�WDNHQ�XS�E\�$,��WKURXJK

GHHS�OHDUQLQJ��8QGHUVWDQGLQJ�FRQWHPSRUDU\�$,�DV�KDYLQJ�WKH�FDSDFLW\�WR�PDNH�PHDQLQJ�LV�FUXFLDO�LI�ZH

IROORZ�+DOOÒV�ORJLF��DV�%XQ]�GRHV�LQ�D�UHFHQW�SDSHU�RQ�WKH�VXEMHFW��EHFDXVH�WKHQ�PHDQLQJ�FDQ�DOVR�EH�PDGH

E\�FDOFXODWLRQ�Ï�D�WDVN�WR�ZKLFK�$,�LV�UHJXODUO\�DVVLJQHG��>�@�7KLV�SURSRVHV�D�SDUDGLJP�VKLIW��WKH�FRUH�ZRUN

RI�FXOWXUH��WKH�PDNLQJ�RI�PHDQLQJ��FDQ�QRZ�DOVR�EH�PDGH��SURFHVVHG��DQDO\VHG��FDOFXODWHG��E\�$,�Ï�E\�WKH
WHFKQRORJ\�LWVHOI�

:KLOH�WKLV�LV�RQO\�RQH�VSHFLILF�H[DPSOH��ZKHUH�ZH�DGPLWWHGO\�DOVR�QHHG�WR�DUJXH�WKDW�VHPLRWLFV�LV

ZKDW�DUW�DQG�FXOWXUH�EULQJ�WR�WKH�WDEOH��VR�WR�VSHDN���WKH�SRLQW�LV�WKDW�LW�FRQILUPV�WKDW�WKH�FRQFHSWXDO

PHDQLQJ�RI�ZRUNV�PDGH�ZLWK�$,�WHFKQRORJLHV�LV�LQVHSDUDEOH�IURP�LWV�WHFKQLFDO�PHDQLQJ��$QG�LW�FDQ�RQO\

UHDOO\�EH�XQGHUVWRRG�E\�HQJDJLQJ�ZLWK�WKH�WHFKQLFDOLWLHV��LQ�WKH�EDFN�HQG��LQ�D�VHULRXV�ZD\�

$V�ZH�VHW�RXW�RQ�WKLV�LQYHVWLJDWLRQ�DQG�RWKHUV��ZH�UHPHPEHU�WR�HPEUDFH�WKH�EULWWOHQHVV�RI�RXU

V\VWHPV�DQG�WKHLU�VSHFLILF�LQWHOOLJHQFHV��+RSHIXOO\��WKLV�ZLOO�EULQJ�ZLWK�LW�GLYHUJHQW�XQGHUVWDQGLQJV�RI�DUW�

PDNLQJ��DUWZRUNV�DQG�DUW�HFRV\VWHPV��3HUKDSV�WKLV�FDQ�JLYH�ZD\�WR�DQ�DSSURDFK�WKDW�UHSODFHV�DXWRQRPRXV

DJHQWV��KXPDQ�VXEMHFWV��ZLWK�FROODERUDWLYH�FRDOLWLRQV��KXPDQ�DQG�QRQ�KXPDQ�VXEMHFWV���3HUKDSV�WKHVH

FROODERUDWLYH�FRDOLWLRQV�ZLOO�DOVR�SURGXFH�QHZ�PHDQLQJ�



7KH�/DEÒV�ILUVW�LQLWLDWLYH�VLQFH�ODXQFKLQJ�LQ�-XO\������KDV�EHHQ�WKH�IRUPDWLRQ�RI�D�GDWDEDVH�RI�FUHDWLYH

$,�WRROV�DQG�UHVRXUFHV��ZKLFK�LV�QRZ�HPEHGGHG�LQ�WKH�6WDJHV�VLWH��KHUH��7KLV�GDWDEDVH�LV�D�JURZLQJ

FROOHFWLRQ�RI�UHVHDUFK�FRPPLVVLRQHG�	�FROOHFWHG�E\�WKH�&UHDWLYH�$,�/DE��7KH�ODWHVW�WRROV�ZHUH�VHOHFWHG�E\

/XED�(OOLRWW��&KHFN�EDFN�IRU�QHZ�HQWULHV��:H�KRSH�WKDW�\RX�ZLOO�H[SORUH��DQG�SURSRVH�DGGLWLRQV�WR�LW��

&RQWDFW�XV�YLD�IDH#VHUSHQWLQHJDOOHULHV�RUJ

>�@�'XULQJ�D�&UHDWLYH�$,�SDQHO�GLVFXVVLRQ�RQ�WKH�WRSLF�$HVWKHWLFV�RI�1HZ�$,�/HLI�:HDWKHUE\��1<8
'LJLWDO�7KHRU\�+�/DE��QRWHG�RI�$,��Ñ,WÒV�QRW�MXVW�D�EODFN�ER[��,WÒV�DW�OHDVW�JUH\��:KHQ�\RX�RSHQ�WKDW�XS
\RX�VWDUW�WR�VHH�WKLQJV�WKDW�KDYH�HLWKHU�DHVWKHWLF�YDOXH��FULWLFDO�YDOXH��RU�ERWK�Ò

>�@�7KH�6HUSHQWLQH�KDV�D�KLVWRU\�RI�ZRUNLQJ�LQ�WKLV�SUDFWLFH�GULYHQ�ZD\�DFURVV�LWV�SURJUDPPH��DQG
LPSRUWDQWO\��QRW�RQO\�DV�D�IHDWXUH�RI�WHFKQRORJLFDOO\�RULHQWDWHG�UHVHDUFK��$�NH\�H[DPSOH�RI�WKLV�LV�WKH
FRPPXQLW\�UHVHDUFK�XQGHUWDNHQ�DV�SDUW�RI�WKH�(GJHZDUH�5RDG�3URMHFW�DQG�WKH�&HQWUH�IRU�3RVVLEOH
6WXGLHV�

>�@�+HUH�ZH�UHIHUHQFH��ZLWKLQ�WKH�KXPDQLWLHV��WKH�LQWHUGLVFLSOLQDU\�ZRUN�RI�WKLQNHU�WLQNHUHUV�OLNH

https://creative-ai.org/stages
http://elluba.com/
mailto:fae@serpentinegalleries.org
https://www.serpentinegalleries.org/art-and-ideas/aesthetics-of-new-ai/
https://www.serpentinegalleries.org/whats-on/edgware-road/
https://centreforpossiblestudies.wordpress.com/
https://centreforpossiblestudies.wordpress.com/
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*LOEHUW�6LPRQGRQ��ZKR�FRPELQHG�UHVHDUFK�DV�D�PHGLD�WKHRULVW�ZLWK�ODE�ZRUN�ZKHUH�KH�H[SHULPHQWHG
ZLWK�FRPSXWHU�FRPSRQHQWV��WDNLQJ�PDFKLQHV�DSDUW�DQG�UHEXLOGLQJ�WKHP��2U��ZLWKLQ�WKH�DUWV��ZH�ORRN
WR�WKH�VWXGLR�DQG�ODE�SUDFWLFHV�RI�DUWLVW�HQJLQHHUV�OLNH�5R\�$VFRWW�DQG�5HEHFFD�$OOHQ��WR�QDPH�D�IHZ�
7KLV�PHWKRG�IRU�ZRUNLQJ�LV�RI�FRXUVH�QRW�QRYHO��:H�IRFXV�RQ�LW�RQO\�WR�H[DPLQH�ZKHUH�WKLV�PHWKRG�LV
ORFDWHG�Ï�RU�PRUH�LPSRUWDQWO\��QRW�ORFDWHG�Ï�LQ�WKH�PXVHXP�

>�@�7KLV�LV�VRPHWKLQJ�1RUD�1��.KDQ�KDV�RXWOLQHG�LQ�KHU�SDUWLFLSDWLRQ�ZLWK�WKH�/DE�DQG�LQ�KHU�HVVD\�
7RZDUGV�D�3RHWLFV�RI�$UWLILFLDO�6XSHULQWHOOLJHQFH��+RZ�6\PEROLF�/DQJXDJH�&DQ�+HOS�8V�*UDVS�7KH
1DWXUH�DQG�3RZHU�RI�:KDW�LV�&RPLQJ��LQFOXGHG�LQ�WKLV�-RXUQDO��

>�@�*LOEHUW�6LPRQGRQ�LQ�KLV������'X�0RGH�'
H[LVWHQFH�GHV�2EMHFW�7HFKQLTXH�ZULWHV��Ñ&XOWXUH�KDV
EHFRPH�D�V\VWHP�RI�GHIHQVH�DJDLQVW�WHFKQLFV�Ú�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WHFKQLFDO�REMHFWV
FRQWDLQ�QR�KXPDQ�UHDOLW\�Ò

>�@�.H\QRWH�OHFWXUH�DW�WKH�QHZO\�RSHQHG�&HQWUH�IRU�&XOWXUH�DQG�7HFKQRORJ\�DW�WKH�8QLYHUVLW\�RI
6RXWKHUQ�'HQPDUN�

>�@�6WXDUW�+DOO��Ñ(QFRGLQJ�GHFRGLQJ�Ò�LQ�&XOWXUH��0HGLD��/DQJXDJH��:RUNLQJ�3DSHUV�LQ�&XOWXUDO
6WXGLHV������Ï������HG��6WXDUW�+DOO��'RURWK\�+REVRQ��$QGUHZ�/RZH�DQG�3DXO�:LOOLV��/RQGRQ�
+XWFKLQVRQ���������SS�����Ï����

>�@�6��%XQ]��
7KH�FDOFXODWLRQ�RI�PHDQLQJ��RQ�WKH�PLVXQGHUVWDQGLQJ�RI�QHZ�DUWLILFLDO�LQWHOOLJHQFH�DV
FXOWXUH
��&XOWXUH��7KHRU\�DQG�&ULWLTXH�������Ï�����������SS�����Ï���
KWWSV���GRL�RUJ������������������������������

(YD�-¦JHU

(YD�-¦JHU�LV�$VVRFLDWH�&XUDWRU�RI�$UWV�7HFKQRORJLHV�DW�6HUSHQWLQH��7RJHWKHU�ZLWK�'U��0HUFHGHV�%XQ]��VKH

LV�&R�LQYHVWLJDWRU�RI�WKH�&UHDWLYH�$,�/DE��D�FROODERUDWLRQ�EHWZHHQ�6HUSHQWLQH�5	'�3ODWIRUP�DQG�WKH

'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV��.LQJÒV�&ROOHJH��6KH�LV�DOVR�RQH�KDOI�RI�WKH�VWXGLR�SUDFWLFH�/HJUDQG�-¦JHU�

0HUFHGHV�%XQ]�LV�WKH�&UHDWLYH�$,�/DE
V�3ULQFLSDO�,QYHVWLJDWRU�DQG�6HQLRU�/HFWXUHU�LQ�'LJLWDO�6RFLHW\�DW�WKH

'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV��.LQJÒV�&ROOHJH�/RQGRQ��+HU�UHVHDUFK�H[SORUHV�KRZ�GLJLWDO�WHFKQRORJ\

WUDQVIRUPV�NQRZOHGJH�DQG�SRZHU�

$ODVGDLU�0LOQH�LV�D�UHVHDUFKHU�DW�WKH�&UHDWLYH�$,�/DE�DQG�WKH�UHFLSLHQW�RI�WKH�/$+3�$+5&�IXQGHG

&ROODERUDWLYH�'RFWRUDO�$ZDUG�DW�.LQJÒV�&ROOHJH�/RQGRQ�'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV�LQ�FROODERUDWLRQ
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7KLV�LV�D�GDWDEDVH�RI�&UHDWLYH�$,�WRROV�IRU�WKRVH�LQWHUHVWHG�LQ�LQFRUSRUDWLQJ�PDFKLQH�OHDUQLQJ��0/�

DQG�RWKHU�IRUPV�RI�DUWLILFLDO�LQWHOOLJHQFH��$,��LQWR�WKHLU�SUDFWLFH��7KH\�FRYHU�D�EURDG�VSHFWUXP�RI�SRVVLELOLWLHV

SUHVHQWHG�E\�WKH�FXUUHQW�DGYDQFHV�LQ�0/�OLNH�HQDEOLQJ�XVHUV�WR�JHQHUDWH�LPDJHV�IURP�WKHLU�RZQ�GDWD�

FUHDWH�LQWHUDFWLYH�DUWZRUNV��GUDIW�WH[WV�RU�UHFRJQLVH�REMHFWV��0RVW�RI�WKH�WRROV�UHTXLUH�VRPH�FRGLQJ�VNLOOV�

KRZHYHU��ZHÒYH�QRWHG�RQHV�WKDW�GRQÒW��%HJLQQHUV�DUH�HQFRXUDJHG�WR�WXUQ�WR

5XQZD\0/�KWWSV���UXQZD\PO�FRP�

7KH�GDWDEDVH�LV�DQ�LQLWLDWLYH�RI�WKH�&UHDWLYH�$,�/DE��D�FROODERUDWLRQ�EHWZHHQ�6HUSHQWLQH
V�5	'

3ODWIRUP�DQG�WKH�'HSDUWPHQW�RI�'LJLWDO�+XPDQLWLHV�DW�.LQJ
V�&ROOHJH�/RQGRQ���,W�KDV�EHHQ�FXVWRPLVHG
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DJJUHJDWH�WKH�WRROV�OLVWHG�KHUH�LQ��������7R�VXEPLW�IXUWKHU�WRROV��JHW�LQ�WRXFK�ZLWK�WKH�/DE�KWWSV���FUHDWLYH�

DL�RUJ�LQIR�

&UHDWLYH�$,�'DWDEDVH�IRU�6WDJHV���KWWSV���FUHDWLYH�DL�RUJ�VWDJHV

7KH�&UHDWLYH�$,�/DE�LV�VXSSRUWHG�E\�WKH�$UWV�DQG�+XPDQLWLHV�5HVHDUFK�&RXQFLO�

/XED�(OOLRWW�LV�D�FXUDWRU��SURGXFHU�DQG�UHVHDUFKHU�VSHFLDOLVLQJ�LQ�DUWLILFLDO�LQWHOOLJHQFH�LQ�WKH�FUHDWLYH

LQGXVWULHV��6KH�LV�FXUUHQWO\�ZRUNLQJ�WR�HGXFDWH�DQG�HQJDJH�WKH�EURDGHU�SXEOLF�DERXW�WKH�ODWHVW
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:KDW�ZRXOG�LW�PHDQ�IRU�D�FXOWXUDO�LQVWLWXWLRQ�WR�PDNH�WKHLU�SURJUDPPHV�PDWWHU�QRW�RQO\�DUWLVWLFDOO\�
EXW�DOVR�LQIUDVWUXFWXUDOO\"

7RGD\��LW�PD\�VHHP�EDQDO�WR�VWDWH�WKDW�WKH�FRUH�IXQFWLRQ�RI�FXOWXUDO�LQVWLWXWLRQV�VSHFLDOLVLQJ�LQ

FRQWHPSRUDU\�DUW�UHVLGHV�LQ�SURYLGLQJ�JHQHUDO�DXGLHQFHV�DFFHVV�WR�DUW�WKDW�LV�UHOHYDQW�WR�WKH�FXUUHQW

PRPHQW��<HW�LW�LV�SUHFLVHO\�WRGD\��ZKHQ�WKH�SDFH�DQG�LPSDFWV�RI�DFFHOHUDWLQJ�WHFKQRORJLFDO�FKDQJH�DUH

FRPSDUDEOH�WR�Ï�RU�HYHQ�RXWVWULS�Ï�WKRVH�LQ�WKH�SHULRG�RI�LQGXVWULDOLVDWLRQ��WKDW�LW�LV�ZRUWK�SDXVLQJ�DQG

DVNLQJ�ZKHWKHU�D�UHQHZHG�VHQVH�RI�SXUSRVH�DQG�QHZ�EHQHILFLDULHV�PD\�EH�HPHUJLQJ�IRU�FXOWXUDO

LQVWLWXWLRQV�LQ�WKLV�WUDQVIRUPDWLYH�SURFHVV�

,W�LV�QR�FRLQFLGHQFH�WKDW�LQ�WKH�FDVH�RI�WKH�6HUSHQWLQH��D�SRVVLEOH�GLUHFWLRQ�RI�WUDYHO�PD\�EH�JOHDQHG

IURP�DUWLVWLF�HQJDJHPHQWV�ZLWK�DGYDQFHG�WHFKQRORJLHV�WKDW�KDYH�XOWLPDWHO\�WDNHQ�WKH�VKDSH�RI�QHZ

DUWZRUNV��)RU�WKH�PRQWKV�VSHQW�LQ�SURGXFWLRQ�PRGH��WKH�6HUSHQWLQH�EHFRPHV�D�VLWH�ZKHUH�WHFKQLFDO�

FULWLFDO��FXUDWRULDO�DQG�DUWLVWLF�FDSDELOLWLHV�DUH�LQWHUWZLQHG�DQG�DXJPHQWHG�LQ�VPDOO�EXW�KLJKO\�DPELWLRXV

WHDPV��6XFK�SURFHVVHV�JHQHUDWH�FRSLRXV�DPRXQWV�RI�ERWK�GHHSO\�SUDFWLFDO�DQG�FRQFHSWXDO�NQRZOHGJH�

PRVW�RI�ZKLFK�XOWLPDWHO\�UHPDLQV�LQYLVLEOH�ZKHQ�WKH�ILQDO�DUWZRUN�LV�SUHVHQWHG�WR�WKH�SXEOLF��6RPHWKLQJ

VLPLODU�PD\�EH�VDLG�DERXW�WKH�EDFN�HQG��L�H�FRGH��RU�FROODWHUDO�WRROV�WKDW�KDYH�WR�EH�GHYLVHG�LQ�RUGHU�WR

PDNH�VXFK�DUWZRUNV�D�UHDOLW\�

:KLOH�JHQHUDO�DXGLHQFHV�PD\�QRW�UHTXLUH�WKLV�ÑEDFNJURXQG�LQIRUPDWLRQÒ�LQ�RUGHU�WR�DSSUHFLDWH�WKH

DUWZRUN�RQ�WKH�WHUPV�VHW�XS�E\�WKH�DUWLVW��WKH�SRVVLELOLW\�WR�H[SRUW�DQG�IXUWKHU�GHYHORS�VRPH�RI�WKH�LQVLJKWV

DQG�FDSDELOLWLHV�GHYHORSHG�LQ�SULRU�SURMHFWV��RU�WR�UH�HQJDJH�ZLWK�DQ�LVVXH�WKDW�SUHVHQWHG�D�EORFN�RU�D�JDS�

ZRXOG�PHDQ�WKDW�FXOWXUDO�LQVWLWXWLRQV�FRXOG�EH�PDNLQJ�WKHLU�SURJUDPPHV�PDWWHU�QRW�RQO\�DUWLVWLFDOO\��EXW

DOVR�LQIUDVWUXFWXUDOO\��,Q�IDFW��ZLWKLQ�PRVW�RWKHU�LQGXVWULHV��EXLOGLQJ�QHZ�LQIUDVWUXFWXUDO�FDSDELOLWLHV�E\

OHYHUDJLQJ�QHZ�WHFKQRORJLHV�LV�D�VWDQGDUG�SUDFWLFH�

Ô7KXV��ZLWKLQ�FRPSDQLHV�RU�VWDWH�SURMHFWV��5	'�ODEV�DUH�W\SLFDOO\�GULYHQ�E\�ULVN�WDNLQJ�DQG

H[SHULPHQWDWLRQ�LQ�SXUVXLW�RI�LQGXVWU\�VSHFLILF�LQQRYDWLRQ�Õ

7KXV��ZK\�VKRXOGQÒW�WKH�VDPH�ORJLF�RI�FDUH�WKDW�FXUDWRUV�DUH�WDXJKW�WR�DSSO\�WR�DUWZRUNV�DOVR�H[WHQG

WR�WKH�RSHUDWLRQDO�SURFHVVHV��QDVFHQW�WHFKQRORJLHV�DQG�HVSHFLDOO\�QHWZRUNV�RI�SHRSOH�WKDW�PDNH�WKHVH
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DUWZRUNV�SRVVLEOH"�,I�DQ\WKLQJ��WKLV�WXUQ�KDV�EHHQ�SURSKHVLHG�VLQFH�DW�OHDVW�WKH�DGYDQFH�RI�FRPSXWDWLRQDO

WHFKQRORJLHV�LQ�WKH�����V�DQG����V��,Q�KLV������Ñ6\VWHPV�(VWKHWLFVÒ�DUWLFOH�PDQLIHVWR��FXUDWRU�DQG�WKHRULVW

-DFN�%XUQKDP�VWDWHG�WKDW�ÑZH�DUH�QRZ�LQ�WUDQVLWLRQ�IURP�DQ�REMHFW�RULHQWHG�WR�D�V\VWHPV�RULHQWHG�FXOWXUH

>ZKHUH�FKDQJH@�HPDQDWHV�QRW�IURP�WKLQJV��EXW�IURP�WKH�ZD\�WKLQJV�DUH�GRQHÒ��>�@�6RPH�ZKDW�LURQLFDOO\�

%XUQKDPÒV�QRZ�ODUJHO\�REVFXUHG�YLVLRQ�ILQGV�PRUH�UHVRQDQFH�LQ�LQGLYLGXDO�DUWLVWLF�SUDFWLFHV�WKDQ�LQ�DUW�

LQVWLWXWLRQDO�DJHQGDV�

,V�WKH�WLPH�ILQDOO\�ULSH�IRU�DUW�LQVWLWXWLRQV�DQG�FXOWXUDO�RUJDQLVDWLRQV�WR�WDNH�%XUKQDPÒV�SURSRVDO

VHULRXVO\"�-XGJLQJ�E\�WKH�DSSHDUDQFH�RI�QHZ�RU�UHYDPSHG�LQLWLDWLYHV�LQ�UHFHQW�\HDUV�WKDW�HFKR�%XUKQDPÒV

RUJDQLVDWLRQDO�DJHQGD��ZH�PD\�EH�ILQGLQJ�RXUVHOYHV�DW�D�FULWLFDO�MXQFWXUH�LQ�WKH�SUDFWLFH�DQG��VHOI�

�SHUFHSWLRQ�RI�FXOWXUDO�LQVWLWXWLRQV��>�@

5	'�DV�D�6WHS�LQWR�WKH�)XWXUH"

,Q�WKH�6HUSHQWLQHÒV�FDVH��VXFK�QHZ�LQLWLDWLYHV�WDNH�WKH�IRUP�RI�DQ�5	'�3ODWIRUP�Ð�D�GHGLFDWHG

RSHUDWLRQDO�VSDFH�ZKHUH�FDUH�IRU�DQG�GHYHORSPHQW�RI�LQWHUQDO�DQG�H[WHUQDO�LQIUDVWUXFWXUHV�WKDW�VXSSRUW

LQQRYDWLYH�FXOWXUDO�SURGXFWLRQ�FDQ�FRQVROLGDWH��ILQG�QHZ�VKDSH�DQG�IORXULVK�

7KH�WHUP�Ñ5	'Ò�ZDV�ILUVW�FRLQHG�E\�$PHULFDQ�RIILFLDOV�LQ������DQG�TXLFNO\�VSUHDG�DFURVV�LQWHUQDWLRQDO

SROLF\�FRQWH[WV��5HIHUULQJ�WR�FRPSDQ\�DFWLYLWLHV�WKDW�GLG�QRW�QHHG�WR�\LHOG�LPPHGLDWH��RU�HYHQ�PLG�WHUP�

UHWXUQV�RQ�LQYHVWPHQW��UHVHDUFK�DQG�GHYHORSPHQW��RU�SULRU�WR�������MXVW�ÑUHVHDUFKÒ��5	'�ZDV�VHHQ�WR�EH

HVVHQWLDO�WR�VFLHQWLILF�DQG�WHFKQRORJLFDO�DGYDQFHPHQW��7KXV��ZLWKLQ�FRPSDQLHV�RU�VWDWH�SURMHFWV��5	'�ODEV

DUH�W\SLFDOO\�GULYHQ�E\�ULVN�WDNLQJ�DQG�H[SHULPHQWDWLRQ�LQ�SXUVXLW�RI�LQGXVWU\�VSHFLILF�LQQRYDWLRQ�

2QH�RI�WKH�PRVW�JODULQJ�ÑSUREOHPVÒ�ZLWK�WKH�5	'�IUDPHZRUN�DV�LQIRUPHG�E\�WKH�ODVW�����\HDUV�RI

FRUSRUDWH�DQG�VWDWH�IXQGHG�SURMHFWV�LV�WKDW�LQ�WKH�ORJLF�RI�PDUNHW�FRPSHWLWLRQ�DW�D�JOREDO�VFDOH��WKH�XOWLPDWH

DLP�RI�5	'�KDV�EHHQ�WR�VHFXUH�D�FRPSDUDWLYH�DGYDQWDJH�RYHU�RQHÒV�SROLWLFDO�DQG�HFRQRPLF�DGYHUVDULHV�

RIWHQ�DW�JUDYH�KXPDQ��DQG�HQYLURQPHQWDO��FRVW��<HW��LW�ZRXOG�EH�ZURQJ�KHDGHG�WR�HTXDWH�5	'�ZLWK�RQH

SDUWLFXODU�LGHRORJLFDO�IRUPDWLRQ�DQG�KLVWRULFDO�DUFK��$OWKRXJK�5	'�KDV�EHHQ�IRUPDOLVHG�DV�RUJDQLVDWLRQDO

DFWLYLW\�ZLWK�LQGXVWULDOLVDWLRQ��Ñ>LQIRUPDO@5	'�KDV�H[LVWHG�DW�OHDVW�VLQFH�WKH�ILUVW�SHUVRQ�H[SHULPHQWHG�ZLWK

PHWKRGV�RI�NQDSSLQJ�IOLQW�WR�PDNH�VWRQH�DJH�WRROVÒ��>�@

Ô$UW�LQVWLWXWLRQDO�5	'�SUDFWLFH�FRXOG�EHFRPH�D�YHKLFOH�IRU�DSSO\LQJ�WKH�ZHDOWK�RI�FULWLFDO

NQRZOHGJH�JHQHUDWHG�LQ�WKH�DUWV�LQ�DGGUHVVLQJ�FRPSOH[�FRQWHPSRUDU\�LVVXHV�LQ�FRQYHUVDWLRQ�ZLWK

RWKHU�ILHOGV�Õ

$SSURDFKLQJ�5	'�IURP�WKLV�VOLJKWO\�ZLGHU�SHUVSHFWLYH�WKDQ�LWV�VSHFLILF�DSSOLFDWLRQ�LQ�WKH�UHFHQW

KLVWRU\�RI�FRPPHUFLDO�LQGXVWULHV�DQG�JHRSROLWLFDO�ZDUIDUH�DOORZV�XV�WR�DGGUHVV�WKH�LQKHUHQW�WHQVLRQV�WKDW

WKLV�RUJDQLVDWLRQDO�IUDPHZRUN�SRVHV�LQ�D�PRUH�FRQVWUXFWLYH�PDQQHU��,W�DOVR�DOORZV�XV�WR�VHH�PRUH�FOHDUO\

WKH�UHODWLRQVKLS�WKDW�5	'�PD\�KDYH�WR�FRQWHPSRUDU\�DUW�LQVWLWXWLRQV��%H\RQG�IXQFWLRQLQJ�DV�D�UHVRXUFH�IRU

LQWHUQDO�LQIUDVWUXFWXUDO�UHQHZDO�>�@��WDUJHWHG�LQYHVWPHQW�LQ�5	'�ZLWKLQ�WKH�FXOWXUDO�ILHOG�FRXOG�OHDG�WR�WKH

KXPDQLWLHV�DQG�VRFLDO�VFLHQFHV�UHMRLQLQJ�VFLHQFH�DQG�WHFKQRORJ\�LQ�GHILQLQJ�ZKDW�FRXQWV�DV�VRFLDOO\

YDOXDEOH�LQQRYDWLRQ�>�@��$UW�LQVWLWXWLRQDO�5	'�SUDFWLFH�FRXOG�EHFRPH�D�YHKLFOH�IRU�DSSO\LQJ�WKH�ZHDOWK�RI

FULWLFDO�NQRZOHGJH�JHQHUDWHG�LQ�WKH�DUWV�LQ�DGGUHVVLQJ�FRPSOH[�FRQWHPSRUDU\�LVVXHV�LQ�FRQYHUVDWLRQ�ZLWK

RWKHU�ILHOGV��$QG�HTXDOO\��WKH�FKDOOHQJH�RI�KDYLQJ�WKH�RSSRUWXQLW\�WR�EH�SDUW�RI�WKRVH�FRQYHUVDWLRQV�FRXOG

OHDG�WR�PRUH�DPELWLRXV�DQG�SURGXFWLYHO\�FRPSOH[�DUW��ZKLFK�SUHYLRXVO\�FRXOG�QRW�KDYH�EHHQ�KRVWHG�E\�WKH

DUW�LQVWLWXWLRQ�

7KHUH�LV�D�VHQVH�LQ�ZKLFK�WKH�ORJLF�RI�5	'�LV�QHLWKHU�HQWLUHO\�IRUHLJQ�QRU�QHZ�WR�WKH�DUW�LQVWLWXWLRQ��7KH

EULHI�KLVWRULFDO�RYHUYLHZ�UHQGHUHG�DERYH�FOHDUO\�VKRZV�WKDW�GHVSLWH�WKH�FRQVHUYDWLYH�QDWXUH�RI�LQVWLWXWLRQV�

DUWV�RUJDQLVDWLRQV�KDYH�EHHQ�UHODWLYHO\�UHVSRQVLYH�WR�DUWLVWV�HQJDJLQJ�ZLWK�FKDOOHQJLQJ�QHZ�LVVXHV�LQ�D

VSHFXODWLYH�PDQQHU��7KRVH�DUWV�RUJDQLVDWLRQV�WKDW�ZHUH�IRUPHG�ZLWK�D�ÑQHZ�PHGLDÒ�IRFXV�KDYH�EHHQ

SDUWLFXODUO\�FRQVFLRXV�RI�WKHLU�UROH�DV�SODWIRUPV�IRU�DUWLVWLF�5	'��DOWKRXJK��DGPLWWHGO\��WKLV�LV�QRW�D

ODQJXDJH�WKH\ÒG�HYHU�XVH�>�@��7KH�KHVLWDWLRQ�LV�VWLOO�YHU\�PXFK�URRWHG�LQ�WKH�VXVSLFLRQ�WKDW�IRUPDWV�DQG

DSSURDFKHV�WRR�FORVHO\�DVVRFLDWHG�ZLWK�VFLHQFH�DQG�WHFKQRORJ\�PLJKW�XOWLPDWHO\�EH�FRUUXSWHG�E\
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LQVWUXPHQWDOLVDWLRQ��ZKLFK�DUW��DFFRUGLQJ�WR�SRSXODU�RSLQLRQ��VKRXOG�WU\�WR�HYDGH�

Ô:KLOH�WKHUH�PD\�EH�SDUWQHUVKLSV�DQG�FRDOLWLRQV��ZH�KDYH�QRW�\HW�VHHQ�D�FRQFHUWHG�HIIRUW�ZLWKLQ

WKH�FXOWXUDO�VHFWRU�LWVHOI�WR�HPEUDFH�DQG�HVWDEOLVK�VWDQGDUGV�RU�ODUJH�VFDOH�SURMHFWV�RI�FRRSHUDWLRQ�Õ

,W�LV�WKXV�LPSHUDWLYH�WR�VWUHVV�WKDW�WKH�DLP�IRU�5	'�LQ�WKH�DUWV�LV�QRW�WR�LPSRUW�UHDG\�PDGH�IRUPDWV�LQWR

WKH�DUW�ILHOG�IRU�WKH�VDNH�RI�QDUURZ�FRPPHUFLDOLVDWLRQ��EXW�UDWKHU�WR�GHILQH�DQ�DUW�ILHOG�VSHFLILF�YLHZ�RQ

LQQRYDWLRQ��7R�WKLV�H[WHQW��DQ�5	'�SODWIRUP�KRVWHG�E\�DQ�DUWV�LQVWLWXWLRQ�ZRXOG�QHHG�WR�KDYH�D�GLIIHUHQW

DJHQGD�IURP�HYHQ�WKH�NLQG�RI�H[SHULPHQWDO�FURVV�GLVFLSOLQDU\�5	'�YHQWXUHV�WKDW�KDYH�EHHQ�KLVWRULFDOO\

KRVWHG�E\�FRUSRUDWLRQV�VXFK�DV�%HOO�6\VWHP�DQG�;(52;�

7KH�DUW�LQVWLWXWLRQDO�5	'�DJHQGD�ZRXOG�QHHG�WR�VXSSRUW�WKH�HYROYLQJ�QDWXUH�RI�DUW�DQG�LWV�UROH�LQ

VRFLHW\��,W�LV�FOHDU�WKDW�WRGD\�PDQ\�HPHUJLQJ�DUWLVWLF�SUDFWLFHV�UHTXLUH�D�PXFK�PRUH�UREXVW�DUW�LQVWLWXWLRQDO

LQIUDVWUXFWXUH�LQ�RUGHU�WR�RIIHU�VRPHWKLQJ�GLVWLQFWO\�YDOXDEOH�DQG�WR�DYRLG�IDOOLQJ�EHKLQG�WKRVH�ZKR�DUH

GLUHFWO\�EDFNHG�E\�WHFKQRORJ\�SURGXFLQJ�FRUSRUDWLRQV�DQG�RU�PD\�XVH�WKH�FRUSRUDWH�IRUP�WR�RUJDQLVH�DV�D

FXOWXUDO�DFWRU�>�@��:KLOH�WKH�DUW�ILHOG�E\�GHILQLWLRQ�FDQQRW�GHOLYHU�WKH�NLQG�RI�VSHFLDOLVW�LQVLJKW�WKDW�HPHUJHV

LQ�VFLHQWLILF�DQG�VWULFWO\�WHFKQRORJLFDO�VHWWLQJV��DQG�QRU�LV�LW�HYHU�OLNHO\�WR�KDYH�PDWFKLQJ�FDSLWDO�WR�OHYHUDJH

IRU�LWV�SURGXFWLRQ�SURFHVVHV��DUWV�LQVWLWXWLRQV�FDQ�FRQVROLGDWH�DQG�IXUWKHU�GHYHORS�WKHLU�FDSDFLW\�WR

DJJUHJDWH��V\QWKHVLVH�DQG�GLVWLO�ZKDW�LV�PRVW�UHOHYDQW�DQG�FULWLFDO�WR�WKH�ZLGHU�VRFLHWDO�FOLPDWH�

)RU�QRZ��GHVSLWH�WKH�PRYH�E\�LQGLYLGXDO�DUWV�RUJDQLVDWLRQV�WR�VHW�XS�5	'�VW\OH�SURMHFWV��WKHUH�LV�VWLOO

QRWKLQJ�UHVHPEOLQJ�DQ�RSHQ�VRXUFH�FRPPXQLW\�DURXQG�DUWV�GHYHORSPHQW�>�@��7KHUH�VHHPV�WR�EH�D�ODFN�RI

JHQHUDO�DZDUHQHVV�RQ�WKH�SDUW�RI�PXVHXPV�DQG�FXOWXUDO�RUJDQLVDWLRQV�WKDW�ZRUN�FRXOG�EH�FRQVROLGDWHG

EHWZHHQ�WKHP�LQ�D�ZD\�WKDW�PDNHV�WKH�HQWLUH�ILHOG�PRUH�UHVLOLHQW��:KLOH�WKHUH�PD\�EH�SDUWQHUVKLSV�DQG

FRDOLWLRQV��ZH�KDYH�QRW�\HW�VHHQ�D�FRQFHUWHG�HIIRUW�ZLWKLQ�WKH�FXOWXUDO�VHFWRU�LWVHOI�WR�HPEUDFH�DQG�HVWDEOLVK

VWDQGDUGV�RU�ODUJH�VFDOH�SURMHFWV�RI�FRRSHUDWLRQ�

6WLOO��WKH�SUROLIHUDWLRQ�RI�DG�KRF�FXOWXUDO�LQLWLDWLYHV�WKDW�WDNH�WKH�QHHG�IRU�DUWV�RUJDQLVDWLRQV�WR�HYROYH

SDVW�WKHLU�KLVWRULFDOO\�HVWDEOLVKHG�PRGHOV�DV�D�VWDUWLQJ�SRLQW�LQ�H[SHULPHQWLQJ�ZLWK�GLIIHUHQW�ZD\V�RI

RUJDQLVLQJ�ZKDW�DQG�IRU�ZKRP�WKH\�FRXOG�SURGXFH�LV�RQH�LPSRUWDQW�VWHS�LQ�WKH�GLUHFWLRQ�RI�EXLOGLQJ�D�QHZ

HFRV\VWHP�UHVSRQVLYH�WR�WKH�UHTXLUHPHQWV�RI�WHFKQRORJLFDO�DQG�VRFLHWDO�FKDQJH�
Ñ5HVHDUFK�	�'HYHORSPHQW�DW�WKH�$UW�,QVWLWXWLRQÒ�E\�9LFWRULD�,YDQRYD�DQG�%HQ�9LFNHUV�ZDV�RULJLQDOO\
SXEOLVKHG�RQ�6HUSHQWLQH�*DOOHULHV�ZHEVLWH��DQG�LV�UHSXEOLVKHG�LQ�6WDJHV�ZLWK�NLQG�SHUPLVVLRQ�RI�WKH
DXWKRUV�

>�@�-DFN�%XUQKDP��Ñ6\VWHPV�(VWKHWLFVÒ��LQ�$UWIRUXP��6HSWHPEHU��������S������DFFHVVHG�YLD
KWWSV���PRQRVNRS�RUJ�LPDJHV������%XUQKDPB-DFNB��������

>�@�+LJK�SURILOH�LQWHUQDWLRQDO�H[DPSOHV�LQFOXGH�1HZ�,QF�DW�7KH�1HZ�0XVHXP��/$&0$�/DE��0R0$
5	'��7KH�1HZ�1RUPDO�DQG�7HUUDIRUPLQJ�SURJUDPPHV�DW�WKH�6WUHOND�,QVWLWXWH�LQ�0RVFRZ��DQG
QDWLRQDOO\��1DWLRQDO�*DOOHU\�;��1HZ�:RUN�'HSDUWPHQW�DW�WKH�1DWLRQDO�7KHDWUH��'LJLWDO�'HYHORSPHQW�DW
5R\DO�6KDNHVSHDUH�&RPSDQ\��DV�ZHOO�DV�WKH�PRUH�VSHFLDOLVHG�PLVVLRQV�RI�VXFK�RUJDQLVDWLRQV�DV
:DWHUVKHG��)XUWKHUILHOG�DQG�$EDQGRQ�1RUPDO�'HYLFHV�

>�@�6LPLODUO\��WKHUH�PD\�EH�D�FRQFHUQ�DURXQG�WKH�DVVXPHG�VHFUHF\�RI�5	'�YHQWXUHV��:KLOH�WKLV�PD\
VWLOO�EH�WUXH�RI�PLOLWDU\�5	'��D�ORW�RI�RWKHU�VHFWRUV�KDYH�QRZ�VKLIWHG�WRZDUGV�DQ�RSHQ�LQQRYDWLRQ�PRGHO
WKDW�SUL]HV�H[FKDQJH�RI�LQIRUPDWLRQ��VKDULQJ�RI�UHVRXUFHV�DQG�IHHGEDFN�RYHU�VLORHG�FRQILGHQWLDOLW\�

>�@�%URQZ\Q�+��+DOO��Ñ5HVHDUFK�DQG�'HYHORSPHQWÒ��FRQWULEXWLRQ�WR�WKH�,QWHUQDWLRQDO�(QF\FORSHGLD�RI
WKH�6RFLDO�6FLHQFHV���QG�(GLWLRQ���������$YDLODEOH�DW�
KWWSV���HPO�EHUNHOH\�HGX�aEKKDOO�SDSHUV�%++��B,(66B5	'�SGI

>�@�%HWZHHQ������DQG�������1HVWD�Ï�8.ÒV�LQQRYDWLRQ�IRXQGDWLRQ��$UWV�&RXQFLO�(QJODQG�DQG�$+5&
�$UWV�DQG�+XPDQLWLHV�5HVHDUFK�&RXQFLO��RYHUVDZ�D�VHYHQ�PLOOLRQ�SRXQG�'LJLWDO�5	'�)XQG�VXSSRUWLQJ
GLJLWDO�LQQRYDWLRQ�LQ�WKH�FXOWXUDO�VHFWRU

>�@�3HWHU�+ROPH�-HQVHQ��&(2�RI�$XTDSRULQ��D�ELR�WHFKQRORJ\�FRPSDQ\�ZLWK�KHDGTXDUWHUV�RXWVLGH
&RSHQKDJHQ��DUWLFXODWHG�WKLV�DV�D�FRQFUHWH�JRDO�ZKHQ�UHIOHFWLQJ�RQ�WKH�H[SHULHQFH�RI�FROODERUDWLQJ�RQ
3ULPHU�Ï�DQ�DUWLVWLF�UHVHDUFK�SURMHFW�KRVWHG�E\�$TXDSRULQ�

https://www.serpentinegalleries.org/art-and-ideas/research-development-at-the-art-institution/
https://monoskop.org/images/0/03/Burnham_Jack_1968_Systems_Esthetics_Artforum.pdf
https://eml.berkeley.edu/~bhhall/papers/BHH06_IESS_R&D.pdf
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>�@�6HH��IRU�H[DPSOH��$UV�(OHFWURQLFD�LQ�$XVWULD��=.0��DQG�7UDQVPHGLDOH�LQ�*HUPDQ\��:$$*�LQ�WKH
1HWKHUODQGV��)$&7�LQ�(QJODQG�

>�@�$�JODULQJ�H[DPSOH�RI�ZKDW�D�GLUHFW�XQLRQ�EHWZHHQ�D�WHFKQRORJ\�SURGXFLQJ�FRPSDQ\�VXFK�DV
(SVRQ�DQG�DQ�LQWHUGLVFLSOLQDU\�DUW�WHFK�FROOHFWLYH�FDQ�\LHOG�LV�WKH�WHDP/DE�PXVHXP��8VLQJ�(SVRQÒV
�/&'�SURMHFWRUV�IRU�LPPHUVLYH�GLJLWDO�LQVWDOODWLRQV��WHDP/DE��D�FROOHFWLYH�RI�SURJUDPPHUV��HQJLQHHUV�
&*�DQLPDWRUV��PDWKHPDWLFLDQV�DQG�DUFKLWHFWV�LQ�WKH�KXQGUHGV��DUH�VHWWLQJ�D�YHU\�KLJK�EHQFKPDUN�IRU
FRQWHPSRUDU\�DUW�LQVWLWXWLRQV�LQ�WHUPV�RI�WKH�FDSDFLW\�DQG�WHFKQRORJ\�DW�WKHLU�GLVSRVDO�

>�@�([DPSOHV�IURP�H[WHUQDO�DQG�UHODWHG�ILHOGV�LQFOXGH�Z���FLWL]HQ�VFLHQFH��JLWKXE��0,7�RSHQ�VRXUFH
OLFHQVHV��&UHDWLYH�&RPPRQV�FRPPXQLW\�DQG�&(51�

9LFWRULD�,YDQRYD�DQG�%HQ�9LFNHUV

9LFWRULD�,YDQRYD�LV�D�FXUDWRU��ZULWHU�DQG�VWUDWHJLF�FRQVXOWDQW��6KH�LV�5	'�3ODWIRUP�6WUDWHJLVW�DW�6HUSHQWLQH
ZLWKLQ�WKH�6HUSHQWLQHÒV�$UWV�7HFKQRORJLHV�WHDP��+HU�FRUH�IRFXV�LV�RQ�V\VWHPLF�DQG�LQIUDVWUXFWXUDO

FRQGLWLRQV�WKDW�VKDSH�VRFLR�HFRQRPLF��SROLWLFDO�DQG�LQVWLWXWLRQDO�UHDOLWLHV�

%HQ�9LFNHUV�LV�D�FXUDWRU��ZULWHU��SXEOLVKHU�DQG�WHFKQRORJLVW��+H�LV�6HQLRU�6WUDWHJLVW�DW�ODUJH�ZLWK
WKH�6HUSHQWLQH�LQ�/RQGRQ��&R�'LUHFWRU�RI�,JQRWD�%RRNV�DQG�DQ�LQLWLDWRU�RI�WKH�RSHQ�VRXUFH�PRQDVWLF

RUGHU�XQ0RQDVWHU\��+H�VHUYHV�RQ�WKH�ERDUGV�DQG�DGYLVRU\�SDQHOV�IRU�/LJKW�$UW�6SDFH��7UDQVPHGLDOH��$XWR

,WDOLD��)XUWKHUILHOG��&RPSOH[�(DUWK��6;6:�$UWV�3URJUDPPH�DQG�WKH�:DUEXUJ�,QVWLWXWH�LQ�/RQGRQ�

https://www.vivanova.net/
https://www.serpentinegalleries.org/
https://www.serpentinegalleries.org/arts-technologies/
http://benvickers.net/
https://www.serpentinegalleries.org/
https://ignota.org/
http://unmonastery.org/
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)XWXUH�$UW�(FRV\VWHPV��)$(��GHYHORSV�VWUDWHJLF�LQVLJKWV�IRU�SUDFWLWLRQHUV�DQG�RUJDQLVDWLRQV�DFURVV

DUW��VFLHQFH��WHFKQRORJ\�DQG�SROLF\��)$(�LV�D�MRLQW�HIIRUW�RI�6HUSHQWLQH�*DOOHULHVÒ�5	'�3ODWIRUP�DQG�5LYDO

6WUDWHJ\��7DNLQJ�IRUP�RI�DQQXDO�SROLF\�GRFXPHQWV��HDFK�LVVXH�UHVSRQGV�WR�DQ�HPHUJLQJ�HFRV\VWHP

VLWXDWHG�EHWZHHQ��FXOWXUH��DQG�VFLHQFH��WHFKQRORJ\��DQG�FRPPHUFLDO�LQGXVWU\��)$(�FRQFHSWXDOLVHV

LQIUDVWUXFWXUDO�VKLIWV��DQG�GHWDLOV�SUDFWLFDO�RSWLRQV�DQG�HPHUJLQJ�VWUDWHJLHV�IRU�UHOHYDQW�DFWRUV�LQ�WKH�ILHOG�

7KH�ILUVW�YROXPH��RQ�DUW�[�DGYDQFHG�WHFKQRORJLHV��ZDV�UHOHDVHG�LQ�PLG�������,QFOXGHG�LQ�6WDJHV�LV�&KDSWHU
���Ñ6WUDWHJLHV�IRU�DQ�$UW�,QGXVWULDO�5HYROXWLRQÒ�



7KH�LQIUDVWUXFWXUDO�SOD\V�GHWDLOHG�LQ�WKH�SUHYLRXV�FKDSWHU�WHQG�WR�EH�XQGHUWDNHQ�LQ�UHODWLYHO\�ORFDO�DQG
DG�KRF�ZD\V��$�PXVHXP�PD\�EX\�HTXLSPHQW�WR�KRVW�DQ�$,�SURMHFW��D�WHFK�FRPSDQ\�PD\�SXW�RXW�DQ�RSHQ

FDOO�IRU�DUWLVWLF�FROODERUDWLRQV�RU�DQ�DUWLVWVÒ�VWXGLR�PD\�ODXQFK�D�GLJLWDO�SURGXFW�

7KLV�FKDSWHU�RXWOLQHV�VWUDWHJLHV�WKDW�PRUH�RYHUWO\�GUDZ�WRJHWKHU�PXOWLSOH�LQIUDVWUXFWXUDO�SOD\V�LQWR

EURDGHU�FRQILJXUDWLRQV��7KH\�LQYROYH�EXLOGLQJ�VXEVWDQWLDO�HFRV\VWHPV�WKDW�VXSSRUW�$[$7�SURMHFWV�PRUH

EURDGO\��SURYLGLQJ�LQWHJUDWHG�ZD\V�WR�IXQG��SURGXFH�DQG�GLVWULEXWH�WKHP��$V�VXFK��WKH\�KDYH�ERWK�WKH

LQWHQWLRQ�DQG�WKH�SRWHQWLDO�WR�FUHDWH�UHYROXWLRQDU\�VKLIWV��JHQHUDWLQJ�QHZ�HFR��V\VWHPV�RI�DFWLYLW\�WKDW�RQO\

SDUWLDOO\�LQWHUVHFW�ZLWK�WKH�FXUUHQW�ODQGVFDSH�RI

WKH�DUW�LQGXVWU\�

7KH�VWUDWHJLHV�RXWOLQHG�KHUH�RIIHU�IUDPHZRUNV�IRU�DUWLFXODWLRQ�DQG�FRRSHUDWLRQ�EHWZHHQ�DUW��DUWLVWV

DQG�DGYDQFHG�WHFKQRORJLHV��(DFK�DOVR�LPSOLHV�D�FHUWDLQ�FRQFHSWLRQ�RI�WKH�SODFH�DQG�IXQFWLRQ�RI�DUW��ZLWK

LPSOLFDWLRQV�IRU�KRZ�DUWLVWV�DFFHVV�WHFKQRORJ\��WKH�VSDFHV�LQ�ZKLFK�WKH\�SUHVHQW�WKHLU�ZRUN��WKH�ILQDQFLDO

PRGHOV�DYDLODEOH�WR�WKHP�DQG�WKH�ULVNV�LQYROYHG�IRU�WKRVH�SDUWLFLSDWLQJ�LQ�WKHP��7KH�JHQHUDO�GHVFULSWLRQ�RI

HDFK�VWUDWHJ\�LV�IROORZHG�E\�D�VXPPDU\�RI�LWV�VWUDWHJLF�VLJQLILFDQFH�IRU�WKH�YDULRXV�DFWRUV�LQYROYHG�

7KH�7HFK�,QGXVWU\�DV�$UW�3DWURQ

$UW�DV�D�VRXUFH�RI�RSSRUWXQLWLHV�IRU�WKH�WHFKQRORJ\�VHFWRU
7KLV�VWUDWHJ\�EXLOGV�RQ�D�VXEVWDQWLDO�KLVWRU\�RI�ODUJH�FRUSRUDWLRQV�ZRUNLQJ�ZLWK�DUWLVWV��HVSHFLDOO\�LQ

WKH�86��DQG�QRWDEO\�FHQWUHG�RQ�WKH�HOHFWURQLFV�LQGXVWU\�DQG�LWV�WUDQVIRUPDWLRQ�LQWR�WKH�6LOLFRQ�9DOOH\

PRGHO�>��@�)DPRXV�KLVWRULFDO�H[DPSOHV�H[WHQG�IURP�%HOO�/DEV�WR�;HUR[�3$5&��DQG�KDYH�IUHTXHQWO\�WDNHQ

WKH�IRUP�RI�SURJUDPPHV�WKDW�JLYH�DUWLVWV�RQ�VLWH�DFFHVV�WR�WHFKQRORJLFDO�HTXLSPHQW��WHFKQLFDO�VXSSRUW�DQG

H[SHUWLVH�

8QGHU�WKH�WHUPV�RI�WKLV�VWUDWHJ\��WKHUH�LV�DQ�H[FKDQJH�SULPDULO\�EHWZHHQ�WKH�DUWLVW�DQG�D�WHDP

ZRUNLQJ�XQGHU�WKH�DXVSLFHV�RI�D�FRUSRUDWLRQ��W\SLFDOO\�WKURXJK�WHFK�UHVLGHQFLHV�DQG�WHFK�SURYLVLRQ��2WKHU
DFWRUV�IURP�WKH�H[LVWLQJ�DUW�LQGXVWU\�HFRV\VWHP�PD\�DOVR�EH�LQYROYHG��IRU�H[DPSOH�PXVHXPV�RU�JDOOHULHV�

,WÒV�LPSRUWDQW�>ZLWK�WKHVH�HQJDJHPHQWV@�WKDW�LWÒV�QRW�MXVW�SUHVHQWLQJ�WKH�DSSURDFKDEOH��DFFHSWDEOH

IDFH�RI�D�QHZ�WHFKQRORJ\��ZKHUH�WKHUH
V�QR�FULWLFDOLW\�WRZDUGV�>WKH�WHFKQRORJ\@��LW
V�MXVW�NLQG�RI�OLNH�D

GHPR��,W
V�OLNH�GHPR�DUW�RI�VRPHRQH�HOVHÒV�WHFK��+ROO\�+HUQGRQ�>��@

$�FRPPRQ�DUJXPHQW�IURP�FXOWXUDO�LQVWLWXWLRQV�IRU�EURNHULQJ�WKHVH�UHODWLRQVKLSV�LV�WKDW�DUWLVWV�DUH

ZRUNLQJ�ÑXSVWUHDPÒ�RI�GHYHORSPHQWV�LQ�FRQVXPHU�WHFKQRORJLHV��ZLWK�WKH�LPSOLFDWLRQ�WKDW�WKHLU�ZRUN

H[SORUHV�RSSRUWXQLWLHV�IRU�WKH�DSSOLFDWLRQ�RI�WKHVH�WHFKQRORJLHV�>��@�7KHUH�LV�D�VWURQJ�KLVWRULFDO�WUDGLWLRQ�RI

WHFK�FRPSDQLHV�HQJDJLQJ�ZLWK�DUWLVWV�LQ�WKLV�ZD\�>��@�+RZHYHU��WKHUH�LV�QR�QHFHVVDU\�OLQHDU�UHODWLRQ

EHWZHHQ�WKHVH�H[SHULPHQWV�DQG�ODWHU�SURGXFW�GHYHORSPHQW��DQG�WKH�WHFK�LQGXVWU\�DV�DUW�SDWURQ�VWUDWHJ\
ERDVWV�D�PRUH�VRSKLVWLFDWHG�FRQFHSWLRQ�RI�WKH�UROH�RI�DUW�LQ�UHODWLRQ�WR�LQGXVWULDO�FRQFHUQV��,QGHHG��LW�LV

UHODWLYHO\�FRPPRQ�NQRZOHGJH�LQ�WKH�WHFK�EXVLQHVV�WKDW�WKHUH�LV�QR�VROLG�UHODWLRQVKLS�EHWZHHQ�SURYLGLQJ

VSDFHV�IRU�WKH�IUHH�H[SORUDWLRQ�RI�QHZ�WHFKQRORJ\�DQG�SURGXFW�GHYHORSPHQWÐHYHQ�ZKHQ�WKHVH�VSDFHV

FRPH�LQ�WKH�IRUP�RI�LQWHUQDO�ÑLQQRYDWLRQ�ODEVÒ�WKDW�GR�QRW�LQYROYH�DUWLVWV�ZKRVH�YDOXHV�PD\�FODVK�ZLWK�WKRVH

RI�WKH�EXVLQHVV�>��@

0RUH�FRPSOH[�PRWLYDWLRQV�IRU�WHFK�FRPSDQLHV�WR�HQJDJH�ZLWK�DUWLVWV�FDQ�EH�XQGHUVWRRG�DV�D

SRUWIROLR�RI�SRWHQWLDO�DGYDQWDJHV�

https://futureartecosystems.org/
https://www.serpentinegalleries.org/arts-technologies/rd-platform/
http://rivalstrategy.com/
http://rivalstrategy.com/
https://drive.google.com/file/d/14ymohTpAOmWfe-tX_r3VN2ajBOzDbbN1/view
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���2UJDQLVDWLRQDO�OHDUQLQJ��IURP�WKH�OHYHO�RI�LQGLYLGXDO�HPSOR\HHV�DQG�WHDPV�ZRUNLQJ�ZLWK�DUWLVWV��WR

GLYLVLRQV�DQG�JOREDO�JRYHUQDQFH��7KLV�LV�HIIHFWLYHO\�WKH�ÑSURGXFW�LQQRYDWLRQÒ�PRGHO��EXW�ZLWKRXW�D�OLQHDU

FRQFHSWLRQ�RI�SURGXFW�GHYHORSPHQWÐUDWKHU��LW�SODFHV�D�JHQHUDO�YDOXH�RQ�H[SRVLQJ�RUJDQLVDWLRQDO�FXOWXUH

WR�DOWHUQDWLYH�SHUVSHFWLYHV�RQ�WHFKQRORJ\�DQG�LWV�DSSOLFDWLRQ��WKXV�FKDOOHQJLQJ�DVVXPSWLRQV�UDWKHU�WKDQ

VWUDLJKWIRUZDUGO\�SURYLGLQJ�ÑVROXWLRQVÒ�

���'RPDLQ�VSHFLILF�NQRZOHGJH�DQG�H[SHUWLVH�EHQHILWLQJ�WKH�XVDELOLW\�RI�HPHUJLQJ�WHFKQRORJLHV��$V

RQH�H[DPSOH��VSDWLDO�WHFKQRORJLHV�H[SDQGLQJ�LQWR�DUHDV�WKDW�KDYH�KLVWRULFDOO\�EHHQ�WKH�GRPDLQ�RI�ILHOGV

VXFK�DV�DUFKLWHFWXUH�RU�WKHDWUH�ÐWKHUH�DUH�VSHFLILF�WHFKQLTXHV��SURFHVVHV�DQG�LQVLJKWV�WKDW�FDQ�EH

WUDQVODWHG�WR�DGYDQFH�WKH�XVDELOLW\�RI�QHZ�WHFKQRORJLHV�VXFK�DV�95��$5�DQG�$5�FORXG�

���3URYLGLQJ�SXEOLF�IDFLQJ�35�DQG�&65�RSSRUWXQLWLHV��WKURXJK�WKH�H[KLELWLQJ�RI�VSHFLILF

JURXQGEUHDNLQJ�SURMHFWV�DQG�JHQHUDO�ÑVXSSRUW�RI�WKH�DUWVÒ�>��@

���6LJQDOOLQJ�D�FRPPLWPHQW�WR�LQQRYDWLRQ�WR�H[WHUQDO�LQYHVWRUV�DQG�LQWHUQDO�VWDNHKROGHUV�

���6LJQDOOLQJ�D�FRPPLWPHQW�WR�FUHDWLYLW\�DQG�LQQRYDWLRQ�WR�SURVSHFWLYH��\RXQJHU��HPSOR\HHV�LQ�WDOHQW

SRROV�ZKHUH�KLULQJ�LV�LQFUHDVLQJO\�FRPSHWLWLYH�DQG�IRU�ZKRP�ZRUNSODFH�YDOXHV�FXOWXUH�SOD\V�DQ�LPSRUWDQW

UROH�LQ�DWWUDFWLQJ�VXFK�WDOHQW�

���3URYLGLQJ�VSDFH�IRU�HPSOR\HHV�WR�HQJDJH�LQ�WHPSRUDU\��L�H��IXOO�WLPH�EXW�QRW�SHUPDQHQW��RU�SDUW�

WLPH�SXUVXLW�RI�WKHLU�RZQ�SURMHFWV�LQ�FROODERUDWLRQ�ZLWK�DUWLVWV��IRU�WKH�SXUSRVHV�RI�SURIHVVLRQDO

GHYHORSPHQW�DQG�VWDII�UHWHQWLRQ�

���/HYHUDJLQJ�WKH�DUW�ZRUOG��EURDGO\�XQGHUVWRRG�DV�DQ�HSLFHQWUH�RI�FUHDWLYLW\�ZLWK�GHHS�FXOWXUDO

LPSRUW��DV�D�SODFH�WR�VHFXUH�D�ERRVW�IRU�RUJDQLVDWLRQDO�UHSXWDWLRQV�DV�DFWRUV�RI�IXQGDPHQWDO�LPSRUWDQFH�LQ

FRQWHPSRUDU\�VRFLHW\�IRU�D�SXEOLF�DXGLHQFH�>��@

*LYHQ�WKH�GLYHUVLW\�RI�WKHVH�SRWHQWLDO�EHQHILWV��WKH�WHFK�LQGXVWU\�DV�DUW�SDWURQ�VWUDWHJ\�PD\�EH�VHHQ

PRUH�DV�DQ�ÑH[SHULPHQWÒ�IRU�WKH�WHFK�FRPSDQ\�WKDQ�DV�D�ELG�IRU�WKH�SXUVXLW�RI�DQ\�VSHFLILF��VWDWHG��ORQJ�

WHUP�REMHFWLYHV��+HQFH��VRPH�FRPSDQLHV�WKDW�DGRSW�WKLV�VWUDWHJ\�GR�VR�LQ�WKH�IRUP�RI�DQ�RSHQ�SODWIRUP�>��@

,W�LV�FRQFHLYDEOH�WKDW�WKLV�VWUDWHJ\�FRXOG�H[WHQG�LQWR�FUHDWLQJ�QHZ�YHQXHV�IRU�FRPPLVVLRQHG�ZRUN�>��@

+RZHYHU��LW�DOVR�DOLJQV�ZLWK�D�SROLF\�RI�GUDZLQJ�RQ�WKH�H[SHUWLVH��UHSXWDWLRQ�DQG�DXGLHQFH�RI�HVWDEOLVKHG

FXOWXUDO�LQVWLWXWLRQV��DQ�LQYHUVLRQ�RI�WKH�ÑVXFFHVV�LQ�DGMDFHQW�ILHOGVÒ�SULQFLSOH�WKDW�LV�RQH�DVSHFW�RI�WKH

FRPPRQ�IHDWXUHV�RI�HPHUJLQJ�SUDFWLFHV�GHVFULEHG�LQ�&KDSWHU�����7KLV�VXJJHVWV�D�GHHSHQHG�UHODWLRQVKLS
EHWZHHQ�H[LVWLQJ�DUW�LQGXVWU\�DFWRUV�DQG�WHFK�FRPSDQLHV��+RZHYHU��WKLV�VWUDWHJ\�DOVR�LQWURGXFHV�D�VZDWKH

RI�QHZ�WHQVLRQV�LQ�WKH�LQWHUDFWLRQV�EHWZHHQ�DUW�DQG�WHFK�FXOWXUHV�

,Q�WKH�ILUVW�FDVH��LW�PD\�EH�WKDW�JLYHQ�WKH�IULQJH�UHODWLRQVKLS�RI�DUW�WR�LWV�FRUH�PLVVLRQ��D�WHFK�FRPSDQ\

PD\�RQO\�SURYLGH�RQJRLQJ�VXSSRUW�WR�D�VPDOO�QXPEHU�RI�DUWV�LQVWLWXWLRQV�ZLWKLQ�WKH�VDPH�UHJLRQ��6HFRQGO\�

WKLV�VXSSRUW�LV�QRW�QHFHVVDULO\�ORQJ�WHUP��EHLQJ�VXEMHFW�WR�VKLIWV�LQ�FRUSRUDWH�JRYHUQDQFH�DQG�FKDQJHV�LQ

RYHUDOO�FRPSDQ\�VWUDWHJ\�>��@�7KHVH�IDFWRUV�LQWURGXFH�D�GHJUHH�RI�WXUEXOHQFH�LQWR�WKH�DUW�LQGXVWU\��DV

ODUJH�VFDOH�HFRQRPLF�DFWRUV�IURP�HOVHZKHUH�PRYH�LQ�DQG�RXW�RI�WKH�ILHOG�

/DVWO\��WKLV�VWUDWHJ\�FUHDWHV�FRPSOH[LW\�LQ�WKH�DPELWLRQV�DQG�REMHFWLYHV�QDWLYH�WR�WKH�DUW�ZRUOG�DQG

WKRVH�RI�FRUSRUDWH�SROLF\��7KH�ZLGHU�DFWLRQV�RI�ODUJH�FRPPHUFLDO�FRPSDQLHV�PD\�DGYHUVHO\�LQWHUDFW�ZLWK

WKH�DUWV�YHQWXUHV�WKH\�VXSSRUW�RQ�PDQ\�OHYHOV��SURYLGLQJ�QHZ�WZLVWV�RQ�WKH�RQJRLQJ�VFDQGDOV�DURXQG

FRUSRUDWH�VSRQVRUVKLS�RI�DUWLVWLF�SURJUDPPHV�>��@�7KH�FRQWUDGLFWLRQ�EHWZHHQ�HFRQRPLHV�RI�VFDUFLW\�DQG

WKH�YDOXH�SODFHG�RQ�ODUJH�VFDOH�RSHUDWLRQV�LQ�LQGXVWU\�DOVR�FUHDWHV�VWUXFWXUDO�SUREOHPV��DQG�LQGHHG�WKHUH

DUH�GLVFUHSDQFLHV�DW�WKH�JHQHUDO�OHYHO�EHWZHHQ�WKH�FXOWXUHV�RI�WHFK�DQG�DUW�>��@�>��@�,W�PD\�DOVR�EH�WKDW�WKH

ORZ�OHYHO�RSHUDWLRQV�RI�WKHVH�FROODERUDWLRQV�IRVWHU�XQFRPIRUWDEOH�FRQGLWLRQV�IRU�VRPH�DUWLVWV�>��@

6WUDWHJLF�6LJQLILFDQFH
)RU�$[$7�DUWLVWV�
DFFHVV�WR�VNLOOV��HTXLSPHQW��DQG�H[SHUWLVH��SRWHQWLDO�HWKLFDO�DQG�SROLWLFDO�ULVNV�

)RU�WKH�WHFK�LQGXVWU\�
H[SRVXUH�WR�DOWHUQDWLYH�ZD\V�RI�WKLQNLQJ�DERXW�WKHLU�WHFKQRORJLFDO�GHYHORSPHQW�SDWKZD\��GHHS
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KLVWRULFDO�NQRZOHGJH�DQG�GRPDLQ�H[SHUWLVH�LQ�DUHDV�WKDW�DUH�XQGHUJRLQJ�WHFKQRORJLFDO�FKDQJHÐ�LPSO\LQJ

D�UDQJH�RI�DVVRFLDWHG�EHQHILWV�DQG�ULVNV�

)RU�FXOWXUDO�LQVWLWXWLRQV�
WHFKQLFDOO\�VRSKLVWLFDWHG�ZRUN�WR�SUHVHQW�WR�WKH�SXEOLF��D�SRWHQWLDO�FROODERUDWRU�RU�FRPSHWLWRU�

SRWHQWLDO�HWKLFDO�DQG�SROLWLFDO�ULVNV�

)RU�SULYDWH�VHFWRU�LQYHVWPHQW�
WHFK�LQGXVWU\�LWVHOI�GLVSODFHV�VRPH�FKDQQHOV�RI�SULYDWH�VHFWRU�LQYHVWPHQW��H�J��FROOHFWRUV���DQG�ORZHUV

PDUNHW�FLUFXODWLRQ��SRWHQWLDO�LQYHVWPHQW�LQ�VSLQ�RIIV�IURP�ODUJHU�FRPSDQLHV��UHDO�HVWDWH�GHYHORSPHQW�DQG

SXEOLF�SULYDWH�SDUWQHUVKLS�DFFHVV�SRLQWV�IRU�XUEDQ�UHJHQHUDWLRQ�SURMHFWV�WKURXJK�VXSSRUWLQJ�WHFK

VHFWRU�FXOWXUDO�VHFWRU�LQWHUDFWLRQV�

)RU�SXEOLF�VHFWRU�LQYHVWPHQW�
FLW\��RU�QDWLRQDO�OHYHO�EUDQGLQJ�VRIW�SRZHU��VWDWH�UROH�VXSSRUWLQJ�HDUO\�VWDJH�LQQRYDWLRQ��DELOLW\�WR

FURVV�RYHU�WHFK�LQQRYDWLRQ�DQG�FXOWXUDO�VHFWRU�IXQGLQJ�

2SHQ�TXHVWLRQV

:KDW�ZRXOG�D�PXVHXP�IXOO\�RZQHG�DQG�RSHUDWHG�E\�D�WHFKQRORJ\�FRPSDQ\�ORRN�OLNH�DQG�ZKR�ZRXOG●

EH�LWV�DXGLHQFH"

+RZ�IDU�FDQ�$[$7�SURMHFWV�XOWLPDWHO\�LPSDFW�WKH�GHYHORSPHQW�SDWKZD\�RI�SURGXFWV��VHUYLFHV�DQG●

SODWIRUPV�ZLWKLQ�D�WHFK�FRUSRUDWLRQ"

+RZ�FDQ�PXFK�VPDOOHU�WHFK�RUJDQLVDWLRQV�EH�LQYROYHG"●

:KDW�UROH�GR�JRYHUQPHQWDO�RU�DFDGHPLF�VFLHQFH�DQG�HQJLQHHULQJ�SURJUDPPHV�KDYH�WR�SOD\�LQ�WKH●

FRQILJXUDWLRQ��UHJXODWLRQ�DQG�QXUWXULQJ�RI�WKHVH�QHZ�UHODWLRQVKLSV"

7KH�$UW�6WDFN

$UW�DV�WKH�GULYHU�RI�DPELWLRXV�ODUJH�VFDOH�SURMHFWV�SURYLGHG�GLUHFWO\�WR�WKH�SD\LQJ�SXEOLF�
,�WKLQN�DUWLVWV�LQ�JHQHUDO�DUH�DFWXDOO\�TXLWH�EDG�DW�LPDJLQLQJ�KRZ�WR�PDNH�WKHLU�GUHDPV�FRPH�WUXH�DW

D�ELJJHU�VFDOH��%LJJHU�QRW�QHFHVVDULO\�LQ�WHUPV�RI�JUDQGQHVV��EXW�PRUH�FRPSOH[LW\�,DQ�&KHQJ

$�VHFRQG�VWUDWHJ\�LV�EDVHG�RQ�WKH�FRQVROLGDWLRQ�RI�ERWK�$[$7�LQIUDVWUXFWXUDO�SOD\V�DQG�H[LVWLQJ

DVSHFWV�RI�WKH�DUW�HFRV\VWHP�LQWR�D�QHZ�IRUPDW��WKH�DUW�VWDFN�
$UW�VWDFNV�DUH�DUWLVW�OHG�RUJDQLVDWLRQV�WKDW�SURJUHVVLYHO\�EULQJ�WRJHWKHU�LQ�KRXVH�IXQFWLRQV�FXUUHQWO\

GLVWULEXWHG�EHWZHHQ�DUWLVWV��FXUDWRUV��JDOOHULHV��PXVHXPV��WHFK�FRPSDQLHV�DQG�RWKHUV�LQYROYHG�LQ�$[$7

SURMHFWV��7KH�VHHG�RI�WKH�DUW�VWDFN�VWUDWHJ\�OLHV�LQ�WKH�QHHG�IRU�$[$7�DUWLVW�VWXGLRV�WR�GHYHORS�LQWHJUDWHG
VWXGLRV�DURXQG�',<�DSSURDFKHV�WR�WHFK��7KH�DUW�VWDFN�EXLOGV�RQ�WKLV�SRVLWLRQ�E\�ORFDWLQJ�D�UHYHQXH�VWUHDP
ÐRQH�WKDW�JLYHV�LW�DXWRQRP\�IURP�FRPPRQ�IXQGLQJ�VRXUFHV�LQ�WKH�DUW�LQGXVWU\��H�J��VDOHV�WR�FROOHFWRUV��RU

SURMHFW�VSHFLILF�IXQGLQJ�IURP�D�FRPSDQ\�RU�JRYHUQPHQWDO�ERG\���,Q�WXUQ��WKLV�FUHDWHV�RSSRUWXQLWLHV�IRU�WKH

DUW�VWDFN�WR�LQYHVW�LQ�LWVHOI��DQG�WR�EXLOG�DQG�FRQWURO�LWV�RZQ�YHUVLRQV�RI�RWKHU�IHDWXUHV�FXUUHQWO\�SURYLGHG�E\

WKH�DUW�LQGXVWU\��VXFK�DV�SODFHV�WR�VKRZ�ZRUN�>��@

$UWLVW�OHG�FRPSDQLHV�VXFK�DV�WHDP/DE�SUHVHQW�RQH�YLVLRQ�RI�WKH�DUW�VWDFN�VWUDWHJ\�

FRPELQLQJ�LQWHJUDWHG�VWXGLRV�',<�DSSURDFKHV�DQG�ZHOO�HTXLSSHG�FROOHFWLYH�VSDFHV�ZLWK�GHGLFDWHG�GLVSOD\
VSDFHV�DQG�IXQGLQJ�WKURXJK�WLFNHWHG�H[SHULHQFHV����$W�WKH�WLPH�RI�ZULWLQJ��WHDP/DE�KDV�RYHU����

SHUVRQQHO�UDQJLQJ�DFURVV�DUW��DUFKLWHFWXUH��DQLPDWLRQ��FRGLQJ��PDUNHWLQJ��URERWLFV�DQG�RWKHU�GLVFLSOLQHV��,W

KDV�DOVR�EXLOW�LWV�RZQ�VLWH�LQ�7RN\RÐWHDP/DE�%RUGHUOHVV��RSHUDWHG�LQ�FROODERUDWLRQ�ZLWK�WKH�0RUL

%XLOGLQJÐWR�KRVW�LWV�ODUJH�VFDOH�LPPHUVLYH�GLJLWDO�ZRUNV��%RUGHUOHVV�RSHQHG�LQ������DQG�DWWUDFWHG����

PLOOLRQ�YLVLWRUV�LQ�LWV�ILUVW�\HDU��PDNLQJ�LW�WKH�PRVW�SRSXODU�VLQJOH�DUWLVW�PXVHXP�LQ�WKH�ZRUOG�DV�PHDVXUHG

E\�IRRWIDOO�>��@

7KLV�GHPRQVWUDWHV�WKH�SRWHQWLDO�RI�DUW�VWDFNV�WR�H[SDQG�WR�D�ODUJHU�VFDOH�WKDQ�PDQ\�ZHOO��NQRZQ

FXUUHQW�PXVHXPVÐDQ�REVHUYDWLRQ�WKDW�KDV�SUHFHGHQW�LQ�WKH�SRZHU�ODZ�GLVWULEXWLRQV�WKDW�KDYH�HPHUJHG�LQ



� 2S@FDRÜ�ÜÜÜ,@QBGÜ���� 2DQODMSHMDÜ1�#Ü/K@SENQLÜ�Ü1HU@KÜ2SQ@SDFX

RWKHU�PHGLD�DFURVV�WKH�FXOWXUDO�VHFWRU��DFFRPSDQ\LQJ�D�VKLIW�IURP�D�FUDIW�EDVHG�PRGHO�WR�DQ�LQGXVWULDOLVHG

RQH��+ROO\ZRRG�PRYLH�VWXGLRV��PDMRU�UHFRUG�ODEHOV��WKH�,WDOLDQ�GHYHORSPHQW�RI�WKH�IDVKLRQ�KRXVH�V\VWHP�

YLGHRJDPHV�DQG�VRFLDO�PHGLD�

:KHUH�UHOLDQW�RQ�WLFNHWHG�H[SHULHQFHV��WKH�DUW�VWDFN�RSHUDWHV�LQ�SUR[LPLW\�WR�WKH�ILQDQFLDO�PRGHOV�RI

FLUFXVHV�DQG�WKHPH�SDUNV��PDVV�PDUNHW�PRGHOV�RUJDQLVHG�DURXQG�WLFNHWHG�DFFHVV��)RU�VRPH�DFWRUV�LQ�WKH

DUW�ZRUOG��WKLV�PD\�UDLVH�WKH�TXHVWLRQ�RI�ZKHWKHU�WKH\�DUH�LQGHHG�ÑDUW�VSDFHVÒ�RU�MXVW�D�YDULDWLRQ�RQ�H[LVWLQJ

HQWHUWDLQPHQW�W\SRORJLHV��0RUH�JHQHUDOO\��D�GLUHFW�WR�FRQVXPHU��PDVV�PDUNHW�PRGHO�RUJDQLVHG�DURXQG

WLFNHWHG�HYHQWV��RU�LQ�IXWXUH��SHUKDSV�SURGXFW�GHVLJQ��GLJLWDO�VHUYLFHV��HWF���PD\�UDLVH�WKH�TXHVWLRQ�RI

PLQLPDO�YLDEOH�DUW�IRU�WKRVH�ZKR�UHPDLQ�DWWDFKHG�WR�ROGHU�PRGHOV�RI�WKH�FXOWXUDO�LQVWLWXWLRQ�DQG�DUW�LQGXVWU\

PRUH�JHQHUDOO\�ÐL�H��:KDW�LV�UHTXLUHG�IRU�WKHVH�LQLWLDWLYHV�WR�EH�XQGHUVWRRG�DV�ÑDUWÒ�DW�DOO">��@

6HHQ�IURP�D�GLIIHUHQW�SRLQW�RI�YLHZ��ÑPLQLPXP�YLDEOH�DUWÒ�FKDOOHQJHV�SUHFRQFHSWLRQV�DURXQG�WKH

DQWLFLSDWHG�VFDOH��RI�WHDP�VL]H��WXUQRYHU��SK\VLFDO�GLPHQVLRQV��HWF���RI�H[LVWLQJ�DUW�SUDFWLFHV��DQG�LW�PD\�EH

WKDW�LW�LQYLWHV�FRQQHFWLRQ�WR�TXLWH�RWKHU�DUW�KLVWRULHV�ZKLFK�DUH�QRW�DOZD\V�REYLRXV�WR�WKH�FXUUHQW�JHQHUDWLRQ

RI�:HVWHUQ�FULWLFV��RU�RWKHU�DXGLHQFHV��>��@�7KLV�GHPRQVWUDWHV�WKH�SRVVLELOLW\�RI�D�VXFFHVVIXO�DUW�LQGXVWULDO

SKHQRPHQRQ�WKDW�SXEOLFLVHV�DQ�DOWHUQDWLYH�FRQFHSWXDO�HQJDJHPHQW�ZLWK�ZKDW�DUW�LV�DQG�FRXOG�EHÐRQH

WKDW�GLYHUVLILHV�DZD\�IURP�WKH�H[LVWLQJ�QDUUDWLYHV�RI�WKH�PDLQVWUHDP�FRQWHPSRUDU\�DUW�ZRUOG�

7KH�DUW�VWDFN�KROGV�WKH�SURPLVH�RI�D�PXFK�ULFKHU�HQJDJHPHQW�EHWZHHQ�DUWLVWV�DQG�WHFKQRORJ\��ZLWKLQ

GHGLFDWHG�HQYLURQPHQWV��SK\VLFDO��WHFKQLFDO��SUHVHQWDWLRQDO�DQG�FRPPHUFLDO���$UW�VWDFNV�PD\�EH�PRGHOOHG

DURXQG�TXLWH�D�GLIIHUHQW�ILQDQFLDO�FRUH��VXFK�DV�EXLOGLQJ�WRROV�RU�VHOOLQJ�DUW�SURGXFWV��DQG�PD\�H[SORUH

RWKHU�URXWHV�WR�WKH�SXEOLF��VXFK�DV�GHHS�XVH�RI�RQOLQH�VSDFHV�>��@�%XW�WKH\�DOVR�RIIHU�D�PRGHO�RI�DUWLVWLF

SUDFWLFH�WKDW�LV�VXEVWDQWLDOO\�GLIIHUHQW�IURP�ZKDW�LV�ZLGHO\�YDORULVHG�LQ�WKH�DUW�ZRUOG�DW�SUHVHQW�

Ñ0LQLPXP�YLDEOH�DUWÒ�DVLGH��WZR�IDFWRUV�LQ�SDUWLFXODU�VWDQG�RXW��7KH�ILUVW�LV�WKDW�WKH�RSHUDWLRQDO�PRGHO

RI�ÑWKH�DUWLVWÒ�EHFRPHV�VRPHWKLQJ�DOPRVW�HQWLUHO\�WHDP�EDVHG��7KLV�GLYHUJHV�IURP�WKH�ÑLQGLYLGXDO�DUWLVWÒ

PRGHO�SUHIHUUHG�E\�WKH�H[LVWLQJ�DUW�ZRUOG��DQG�RIWHQ�SUHVXPHG�E\�WKH�DUW�LQGXVWU\���WR�D�PXFK�JUHDWHU

H[WHQW�WKDQ�ÑD�FROOHFWLYHÒ�RU�WKH�NLQGV�RI�DSSURDFKHV�IDYRXUHG�E\�LQWHJUDWHG�VWXGLRV��$OWKRXJK�LW�LV�SRVVLEOH
WKDW�D�UHODWLYHO\�IODW�KLHUDUFK\�PLJKW�EH�DGRSWHG�LQVLGH�VRPH�DUW�VWDFNV��WKH�FRQWUDVW�LQ�H[SHFWDWLRQV�IURP

FXUUHQW�DUW�WUDLQLQJ�DQG�SURIHVVLRQDO�OLIH�DUH�QRQHWKHOHVV�YHU\�VXEVWDQWLDO��SODFLQJ�DQ�HPSKDVLV�RQ�VNLOOV�IRU

QHJRWLDWLQJ�FRPSOH[��RQJRLQJ�ZRUN�UHODWLRQVKLSV�ZLWKLQ�FRPPRQ�SURMHFWV�ZKHUH�SHUVRQDO�RU�VPDOO�JURXS

DXWKRUVKLS�LV�GLPLQLVKHG�

7KH�VHFRQG�IDFWRU�LV�WKH�XQHDV\�UHODWLRQVKLS�EHWZHHQ�PDQ\�H[WDQW�DUWLVWLF�SUDFWLFHV��LQFOXGLQJ�WKRVH

LQYROYLQJ�DGYDQFHG�WHFKQRORJLHV��DQG�WKH�NLQGV�RI�FRPPHUFLDOLVDWLRQ�QHFHVVDU\�WR�IXQG�DQ�DUW�VWDFN��7KH

SRVVLELOLW\�RI�JHQHUDWLQJ�DUW�VWDFNV�KDV�EHHQ�UHIXVHG�PDQ\�WLPHV�LQ�WKH�SDVW��LQFOXGLQJ�E\�SLRQHHULQJ�$[$7

DUWLVWV�>��@�$UW�VWDFNV�UHTXLUH�D�YHU\�SDUWLFXODU�QHJRWLDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�FRPPHUFH�DQG�DUW�

DQG�WKLV�PD\�ILOWHU�ERWK�WKH�SUDFWLWLRQHUV�DQG�WKH�SUDFWLFHV�WKDW�DUH�DEOH�DQG�ZLOOLQJ�WR�JHQHUDWH�WKHP�

6WUDWHJLF�6LJQLILFDQFH
)RU�$[$7�DUWLVWV�
D�QHZ��DUW�OHG�VWUXFWXUH�IRU�WKRVH�ZKRVH�ZRUN�ILWV�ZLWK�LW��FDSDEOH�RI�RSHUDWLQJ�DW�D�QHZ�OHYHO�RI�DUWLVWLF

DPELWLRQ��ORZHUHG�UHOLDQFH�RQ�FRQWHPSRUDU\�PRGHOV�RI�DUWLVWLF�IXQGLQJ��L�H��H[LVWLQJ�FKDQQHOV�RI�SULYDWH

DQG�SXEOLF�LQYHVWPHQW��

)RU�WKH�WHFK�LQGXVWU\�
SRWHQWLDOO\�QHZ�KLJK�OHYHO�FROODERUDWLYH�RU�FRPSHWLWLYH�UHODWLRQVKLSV��D�VRSKLVWLFDWHG�FRQWHQW�SRRO

WKDW�FDQ�EH�SRUWHG�WR�HPHUJLQJ�SODWIRUPV�

)RU�FXOWXUDO�LQVWLWXWLRQV�
VRXUFH�RI�WHFKQLFDOO\�VRSKLVWLFDWHG�ZRUN��D�SRWHQWLDO�FROODERUDWRU�EXW�DOVR�FRPSHWLWRU�

)RU�SULYDWH�VHFWRU�LQYHVWPHQW�
ORZHU�LQIOXHQFH�RI�FROOHFWRUV�DQG�DXFWLRQV��SRWHQWLDOO\�SURILWDEOH�HDUO\�VWDJH�LQYHVWPHQW��DUW�VWDFN

,32V��SRWHQWLDO�UHDO�HVWDWH�GHYHORSPHQW�DQG�SXEOLF�SULYDWH�SDUWQHUVKLS�DFFHVV�SRLQWV�IRU�XUEDQ
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UHJHQHUDWLRQ�SURMHFWV�WKURXJK�VXSSRUWLQJ�WHFK�VHFWRU�FXOWXUDO�VHFWRU�LQWHUDFWLRQV�

)RU�SXEOLF�VHFWRU�LQYHVWPHQW�
FLW\��RU�QDWLRQ�OHYHO�EUDQGLQJ�VRIW�SRZHU��SRWHQWLDO�IRU�VWDQGRXW�WRXULVW�GHVWLQDWLRQV��VWDWH�UROH

VXSSRUWLQJ�HDUO\�VWDJH�LQQRYDWLRQ�

2SHQ�TXHVWLRQV

2YHU�WKH�PLG�WHUP��KRZ�IDU�ZLOO�DUW�VWDFNV�EH�GLVWLQJXLVKDEOH�IURP�RUJDQLVDWLRQV�LQ�HQWHUWDLQPHQW�RU●

SURGXFW�GHVLJQ"

2YHU�WKH�ORQJ�WHUP��WR�ZKDW�H[WHQW�FDQ�WKH�DUW�VWDFN�PRGHO�EH�H[SHFWHG�WR�GLVUXSW�DQG�XQGHUPLQH●

WUDGLWLRQDO�PRGHOV�RI�VLQJXODU�DXWKRUVKLS��ERWK�IURP�D�V\PEROLF�SHUVSHFWLYH�DQG�WKH�RSHUDWLRQDO�UHDOLW\

RI�RIIHULQJ�D�PRUH�DWWUDFWLYH�FRQWH[W�IRU�VSHFLDOLVWV�WR�FRQWULEXWH�WKHLU�VNLOOV"

:KDW�ZRXOG�DQ�DUW�VWDFN�IRU�VHUYLFHV�ORRN�OLNH"●

:KDW�ZLOO�EH�WKH�LPSDFW�RI�WKH�DUW�VWDFN�PRGHO�RQ�DUWV�HGXFDWLRQ"●

)LJXUH����*HQHUDO�IRFXV�RI�LQIUDVWUXFWXUDO�LQYHVWPHQW�DQG�UHODWLRQ�RI�DUW�LQGXVWULDO�VWUDWHJLHV

7ZHQW\�)LUVW�&HQWXU\�&XOWXUDO�,QIUDVWUXFWXUH

$UW�DV�D�VWUDWHJLF�VRFLHWDO�DVVHW

:H�QHHG�QHZ�LQVWLWXWLRQV�WR�GHDO�ZLWK�WKH�QHZ�SUREOHPV�WKDW�DUH�HPHUJLQJ��+ROO\�+HUQGRQ
7KH�VWUDWHJLHV�RI�WKH�WHFK�LQGXVWU\�DV�DUW�SDWURQ�DQG�WKH�DUW�VWDFN�UHSUHVHQW�PDMRU�GLVUXSWLYH�YHFWRUV

LQ�WKH�H[LVWLQJ�DUW�LQGXVWU\��7KH\�UHSUHVHQW�QHZ�PRYHPHQWV�SRLVHG�WR�UHGLVWULEXWH�WKH�EDODQFH�RI�SRZHU�LQ
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WKH�FRQWHPSRUDU\�DUW�ZRUOG�ODQGVFDSH�

7KH\�FOHDUO\�GHPRQVWUDWH�WKH�SRWHQWLDO�IRU�FHUWDLQ�VWUDQGV�RI�$[$7�WR�VFDOH�XS�WKHLU�RSHUDWLRQV

VXEVWDQWLDOO\��%XW�WKH�SDUWLFXODU�PRGHV�RI�VFDOLQJ�WKH\�RIIHU�DUH�XOWLPDWHO\�FRQVWUDLQHG�E\�WKH�ILQDQFLDO�

RSHUDWLRQDO�DQG�VWUDWHJLF�GHPDQGV�RI�YHU\�SDUWLFXODU�NLQGV�RI�ODUJH�VFDOH�SULYDWH�VHFWRU�RUJDQLVDWLRQV��EH

WKH\�WHFK�ILUPV�RSHUDWLQJ�DV�SDWURQV�RU�VSRQVRUV��RU�DUW�VWDFNV�WKHPVHOYHV�

,Q�FRQWUDVW��WKH�WKLUG�VWUDWHJ\�GHVFULEHG�KHUH�LQYROYHV�WKH�FRQVFLRXV�GHYHORSPHQW�RI�D�WZHQW\�ILUVW
FHQWXU\�FXOWXUDO�LQIUD��VWUXFWXUH�7KLV�VWUDWHJ\�HQWDLOV�WKH�FRQVWUXFWLRQ�RI�V\VWHPV�GHVLJQHG�WR�VXSSRUW�WKH

$[$7�HFRV\VWHP�DV�D�ZKROH��DQG�ZKLFK�DUH�DOLJQHG�ZLWK�DQG�UHVSRQVLYH�WR�D�EURDG�VRFLHWDO�DJHQGD�

$�ORW�RI�TXHVWLRQV�WKDW�DUHQÒW�EHLQJ�DVNHG�E\�DUWLILFLDO�LQWHOOLJHQFH�VFLHQWLVWV�DQG�LQYHVWRUV�DUH

EHLQJ�DVNHG��DQG�KDYH�EHHQ�DVNHG�IRU�TXLWH�D�ORQJ�WLPH��E\�VRPH�NLQGV�RI�DUWLVW����,Q�D�YHU\�KDUG�

SUDJPDWLF�ZD\��WKLV�DUW�LV�EHFRPLQJ�UHOHYDQW�WR�WKH�PRPHQW�ZH�DUH�DERXW�WR�OLYH�WKURXJK��-RQDWKDQ

/HGJDUG�>��@

$V�GHVFULEHG�LQ�WKH�LQWURGXFWLRQ�WR�WKLV�GRFXPHQW��$[$7�FDQ�EH�XQGHUVWRRG�DV�D�IRUP�RI

WHFKQRORJLFDO�LQQRYDWLRQ�WKDW�LV�FRQGLWLRQHG�E\�D�YHU\�GLIIHUHQW�DSSURDFK�WR�WHFKQRORJ\�ÐKRZ�LW�LV

GHYHORSHG��GHSOR\HG��XVHG�DQG�YDOXHG��$[$7�SUDFWLWLRQHUV�IUHTXHQWO\�ZRUN�ZLWK�WHFKQRORJLHV�WKDW�PD\

KDYH�PDMRU�VRFLHWDO�EHQHILWV��EXW�DV�\HW�GR�QRW�V\QFKURQLVH�ZHOO�ZLWK�H[LVWLQJ�IXQGLQJ�UHJLPHV�

:RUNLQJ�ZLWK�YHU\�HDUO\�VWDJH�WHFKQRORJLHV�ZLWK�QR�FOHDU�SDWKZD\�WR�LPPHGLDWH�DSSOLFDWLRQ��RU�WKRVH●

WKDW�KDYH�SRWHQWLDO�IRU�DSSOLFDWLRQ�EXW�GR�QRW�UHDGLO\�ILW�ZLWK�HLWKHU�FRQVXPHU�IRFXVHG�UHWDLO�RU�H[LVWLQJ

PDMRU�LQIUDVWUXFWXUDO�SODQV��DQG�WKHUHIRUH�DUH�\HW�WR�ILQG�D�SDWKZD\�RXW�RI�WKH�ODERUDWRU\�>��@��>��@

2SHUDWLQJ�WR�DFWLYHO\�FULWLTXH�H[LVWLQJ�PHDQV�RI�WHFKQRORJLFDO�GHYHORSPHQW��H�J��DUWLVW�7UHYRU�3DJOHQ●

DQG�$,�HQJLQHHU�.DWH�&UDZIRUGÒV�,PDJH1HW�5RXOHWWH��ZKLFK�LGHQWLILHG�UDFLVW�SDWWHUQV�LQ�WKH�$,�HQFRGLQJ

RI�WKH�,PDJH1HW�SXEOLF�LPDJH�GDWDEDVH��OHDGLQJ�WR�WKH�ZLWKGUDZDO�RI�RYHU���������LPDJHV�>��@

8VLQJ�WHFKQRORJ\�WR�SURYLGH�DOWHUQDWLYH�DSSURDFKHV�WR�QRQ�WHFKQRORJLFDO�GRPDLQV��H[WHQGLQJ�$[$7ÒV●

SULQFLSOH�RI�VXFFHVV�LQ�DGMDFHQW�ILHOGV�LQWR�D�WDQJLEOH��TXDQWLILDEOH�LPSDFW�RQ�V\VWHPV�RI�FROOHFWLYH

GHFLVLRQ�PDNLQJ�VXFK�DV�JRYHUQPHQW�DQG�ODZ��$Q�H[DPSOH�LV�)RUHQVLF�$UFKLWHFWXUHÒV�*UHQIHOO�7RZHU
)LUH�SURMHFW��ZKLFK�GUDZV�GDWD�IURP�VPDUWSKRQH�IRRWDJH�WDNHQ�E\�PHPEHUV�RI�WKH�SXEOLF�RI�WKH

GHYDVWDWLQJ�ILUH�DW�WKH�/RQGRQ�DSDUWPHQW�EORFN�LQ�������LQ�RUGHU�WR�UHFRQVWUXFW�WKH�RUGHU�RI�HYHQWVÐDQ

RSHUDWLRQ�WKDW�HQWHUV�LQWR�WKH�OHJDOO\�FKDUJHG�FRQWH[W�RI�GHWHUPLQLQJ�DFFRXQWDELOLW\�IRU�WKH�GLVDVWHU�>��@

7KH�WZHQW\�ILUVW�FHQWXU\�FXOWXUDO�LQIUDVWUXFWXUH�VWUDWHJ\�LV�UHVSRQVLYH�WR�WKH�YDOXH�SURYLGHG�E\�VXFK

SURMHFWV��ZKLOH�DFNQRZOHGJLQJ�WKDW�WKHLU�ZLGHVSUHDG�GHYHORSPHQW�UHTXLUHV�DQ�DSSURDFK�QRW�HDVLO\

UHFRQFLOHG�ZLWK�WKH�VWUDWHJLHV�GHWDLOHG�SUHYLRXVO\��7KH�DUW�LQGXVWU\�FDSDELOLWLHV�QHFHVVDU\�WR�HIIHFW�WKLV
VWUDWHJ\�YDU\�ZLGHO\��DQG�LW�LV�XQOLNHO\�WKDW�D�VLQJOH�DFWRU�DW�OHVV�WKDQ�QDWLRQDO�JRYHUQPHQW�VFDOH�FRXOG

DGRSW�WKHP�DOO��7KLV�VWUDWHJ\�LV�WKHUHIRUH�EHVW�UHSUHVHQWHG�WKURXJK�D�IHGHUDWLRQ�RI�HIIRUWV�WR�EULQJ

LQIUDVWUXFWXUDO�SOD\V�LQWR�DOLJQPHQW��DW�GLIIHUHQW�OHYHOV�DQG�VFDOHV�>��@�7KH�FHQWUDO�FRPSRQHQWV�RI�WKH

VWUDWHJ\�LQFOXGH�

$OWHUQDWLYH�URXWHV�WR�DFFHVV�WHFK�
7KH�GHYHORSPHQW�RI�V\VWHPV�WKDW�ORZHU�WKH�EDUULHU�WR�DFFHVV�RI�DGYDQFHG�WHFKQRORJ\��LQ�ZD\V�OHVV

GHSHQGHQW�RQ�SDWURQDJH�RU�WKH�RQJRLQJ�QHJRWLDWLRQ�RI�VSRQVRUVKLS��DQG�HQDEOLQJ�D�PD[LPDOO\�GLYHUVH�VHW

RI�SUDFWLWLRQHUV�DQG�SHUVSHFWLYHV�WR�HQJDJH�ZLWK�WHFKQRORJLHV�DW�DOO�VWDJHV�RI�GHYHORSPHQW��7KHVH�FDQ�EH

HQYLVLRQHG�DV�WKLUG�SDUW\�V\VWHPV�WKDW�HQDEOH�$[$7�SUDFWLWLRQHUV�ZRUNLQJ�LQ�VSHFLILF�VXEILHOGV��H�J��95�

V\QWKHWLF�ELRORJ\��WR�GHYHORS�DQG�GLVSOD\�ZRUN�LQ�HQYLURQPHQWV��VXFK�DV�H[LVWLQJ�JDOOHULHV�RU�PXVHXPV�

WKDW�FDQQRW�RQ�WKHLU�RZQ�FRQWULEXWH�VXIILFLHQW�FDSLWDO�LQYHVWPHQW�WR�GHYHORS�LQ�KRXVH�VNLOOV��HTXLSPHQW�DQG

FDSDELOLWLHV�WR�KRVW�WKLV�ZRUN�>��@

/HJDO�DUUDQJHPHQWV�
%XLOGLQJ�RQ�WKH�WUDGLWLRQ�RI�H[SHULPHQWV�ZLWK�DUWLVWÒV�FRQWUDFWV��WKH�GHYHORSPHQW�RI�QHZ�ZD\V�WR
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HQDEOH�HQJDJHPHQW�EHWZHHQ�SDUWQHUV�RQ�$[$7�SURMHFWV�>��@�2Q�RQH�OHYHO��WKLV�PHDQV�ILQGLQJ�DOWHUQDWLYHV

WR�WKH�FRPPRQ�WKUHH�PRQWK�UHVLGHQF\�DUUDQJHPHQW�ZKLFK�DUH�EHWWHU�VXLWHG�WR�WKH�FRVW��WLPH�IUDPH�DQG

FROOHFWLYH�QDWXUH�RI�VHULRXV�$[$7�SURMHFWV��2Q�DQRWKHU��LW�PHDQV�EURDFKLQJ�LPPLQHQW�OHJDO�TXHVWLRQV

VSXUUHG�E\�$[$7�WHFKQRORJLHV�WKHPVHOYHV��VXFK�DV�WKH�OHJDOO\�FRPSOH[�GHEDWH�DERXW�ZKHWKHU�WKH�SHUVRQ

ZKR�SURYLGHV�GDWD�XVHG�WR�WUDLQ�D�PDFKLQH�OHDUQLQJ�V\VWHP�KDV�D�FODLP�WR�LWV�SURGXFWV�>��@�$GGLWLRQDOO\�

H[LVWLQJ�PHDQV�RI�UHSUHVHQWDWLRQ�IRU�DUWLVWV��DQ�HVVHQWLDO�DUW�LQGXVWULDO�IXQFWLRQ�RI�JDOOHULHV��PD\�EH

LQDGHTXDWH�WR�WKH�GHPDQGV�RI�$[$7�SUDFWLFH��DQG�PD\�ERWK�UHTXLUH�DQG�UHZDUG�VHULRXV�LQQRYDWLRQ�>��@

/HDUQLQJ�DQG�LQVLJKW�
7KH�JHQHUDWLRQ�RI�QHZ�NQRZOHGJH�E\�$[$7�SUDFWLFHV�LV�DQ�DVVHW�LQ�LWV�RZQ�ULJKW��DQG�QRW�SXUHO\�LQ

WHUPV�RI�LQWHOOHFWXDO�SURSHUW\��$�ORJLFDO�GHYHORSPHQW�RI�$[$7�VNLOO�VKDULQJ��D�VHPL�RIILFLDO�IHDWXUH�RI

PXOWLGLVFLSOLQDU\�FRXUVHV�DQG�FROOHFWLYH�VSDFHV��LV�WKH�GHYHORSPHQW�RI�QHZ�NLQGV�RI�YHQXHV�LQ�ZKLFK�WR

VKDUH�ZKDW�KDV�EHHQ�OHDUQHG�>��@�7KLV�DOVR�H[WHQGV�WR�WKH�VWUDWHJLF�GHSOR\PHQW�RI�$[$7�SUDFWLFHV�DV

VRXUFHV�RI�FROOHFWLYH�LQVLJKW�LQWR�XQIROGLQJ�FRQGLWLRQV��DQG�DFFRUGLQJO\�VXJJHVWV�D�SODFH�IRU�JRYHUQPHQW

GHSDUWPHQWV��OHJDO�ERGLHV�DQG�RWKHU�ÑQRQ�WHFKQRORJLFDOÒ�DJHQFLHV�LQ�WKH�FRPPLVVLRQLQJ�DQG�GHYHORSPHQW

RI�VXFK�ZRUN�>��@

'LVWULEXWLRQ�V\VWHPV�
&XUUHQW�H[SHULPHQWV�IURP�ZLWKLQ�$[$7�VXFK�DV�EXLOGLQJ�WRROV��DUW�SURGXFWV�DQG�E\SURGXFWV�DV�DVVHWV

KDYH��WR�GDWH��ODUJHO\�FRQIRUPHG�WR�PRGHOV�ZLGHO\�DGRSWHG�ZLWKLQ�WKH�WHFK�LQGXVWU\ÐIRU�H[DPSOH��UHWDLO�RI

GHVLJQHG�SURGXFWV�WR�LQGLYLGXDO�FRQVXPHUV��RU�VHHNLQJ�YHQWXUH�FDSLWDO�LQYHVWPHQW��2Q�WKH�RWKHU�KDQG�

ZKLOH�WKHUH�KDV�EHHQ�LQQRYDWLRQ�DURXQG�GHVLJQLQJ�SXUFKDVH�PHFKDQLVPV��WKH\�KDYH�QRW��RU�QRW�\HW�
DFKLHYHG�ZLGHVSUHDG�DGRSWLRQ�>��@

:KLOH�QRW�SHU�VH�H[FOXVLYH�RI�LQSXW�IURP�HLWKHU�WKH�WHFK�LQGXVWU\�DV�DUW�SDWURQ�RU�DUW�VWDFNV��WKLV
VWUDWHJLF�DSSURDFK�LV�PRUH�FORVHO\�DOLJQHG�ZLWK�WKH�PLVVLRQ�RI�FXOWXUDO�LQVWLWXWLRQV�DQG�WKH�YDULRXV�ERGLHV

WKDW�VXSSRUW�WKHP��VXFK�DV�IRXQGDWLRQV��IXQGLQJ�FRXQFLOV�DQG�JRYHUQPHQW�GHSDUWPHQWV���,W�UHSUHVHQWV�DQ

H[WHQVLRQ�RI�WKHVH�ERGLHVÒ�PLVVLRQ�WR�PD[LPLVH�WKH�DXGLHQFH�RI�FXOWXUDO�SURMHFWV�RQ�WKH�JURXQGV�RI�WKHLU

VLJQLILFDQFH�WR�EURDGHU�VRFLHW\ÐDOEHLW�DOVR�FRQVWLWXWLQJ�D�VHULHV�RI�EUHDNV�ZLWK�KRZ�WKLV�UROH�WHQGV�WR�EH

XQGHUVWRRG�DW�SUHVHQW�

&XOWXUDO�LQVWLWXWLRQV�VKRXOG�SOD\�D�UROH�LQ�KHOSLQJ�SRLQW�SXEOLF�DWWHQWLRQ�WR�WKH�WKLQJV�WKDW�ZH

VKRXOG�EH�SD\LQJ�DWWHQWLRQ�WR��$QG�WKRVH�DUH�XVXDOO\�WKLQJV�ZKLFK�DUH�QRW�LQ�WKH�WRS�KHDGOLQHV��ZKLFK

DUH�QRW�EHKROGHQ�WR�WKH�DGYHUWLVLQJ�LQGXVWU\�DQG�QRW�QHFHVVDULO\�UHVSRQGLQJ�WR�SROLWLFDO�WDONLQJ�SRLQWV�

7KH\�VKRXOG�SOD\�D�EHDFRQ�RU�VSRWOLJKW�UROH��1RDK�5DIRUG�>��@

7KH�PRVW�REYLRXV�LQIUDVWUXFWXUDO�SOD\V�DYDLODEOH�WR�H[LVWLQJ�FXOWXUDO�LQVWLWXWLRQV�VXFK�DV�PXVHXPV

DQG�JDOOHULHV�DUH�WKRVH�WKDW�HQDEOH�WKHP�WR�UHWURILW�$[$7�LQWR�FXUUHQW�V\VWHPV��)RU�H[DPSOH��D�QHZ�RU

H[LVWLQJ�PXVHXP�PLJKW�EXLOG�GHGLFDWHG�GLVSOD\�VSDFHV�WR�KRVW�$[$7�ZRUN��7KLV�LV�D�PDMRU�FDSLWDO

LQYHVWPHQW��ZLWK�SDUWLFXODU�ULVNV�>��@�%XW�ZKLOH�YDOXDEOH�LQ�LWV�RZQ�ULJKW��WKLV�RQO\�WUHDWV�RQH�DVSHFW�RI�WKH

$[$7�HFRV\VWHP��DQG�GHHSHU�VKLIWV�LQ�RSHUDWLRQV�ZRXOG�EH�QHFHVVDU\�WR�HQJDJH�IXOO\�LQ�WKH�SURMHFW�RI

EXLOGLQJ�WZHQW\�ILUVW�FHQWXU\�FXOWXUDO�LQIUDVWUXFWXUH��/LNHZLVH��WKLV�VWUDWHJ\�ZRXOG�EH�H[SHFWHG�WR�DOLJQ�ZLWK

QDWLRQDO��RU�LQWHUQDWLRQDO�OHYHO�JRYHUQPHQWDO�SROLFLHV�DURXQG�WKH�VXSSRUW�RI�ERWK�WKH�DUWV�DQG�LQQRYDWLRQ�

EXW�EULQJ�WKHP�WRJHWKHU�LQ�KLVWRULFDOO\�QHZ�ZD\V�>���@

6WUDWHJLF�6LJQLILFDQFH
)RU�$[$7�DUWLVWV�
JUHDWHU�DXWRQRP\�ZLWK�UHVSHFW�WR�WHFK�LQGXVWU\��ORZHU�EDUULHUV�WR�DFFHVV�WR�DGYDQFHG�WHFKQRORJLHV�

RWKHU�ZD\V�WR�VFDOH�LPSDFW�RI�SURMHFWV��RXWVLGH�RI�WUDGLWLRQDO�DUW��WHFK�RU�HQWHUWDLQPHQW�LQGXVWU\�FKDQQHOV�

)RU�WKH�WHFK�LQGXVWU\�
RSSRUWXQLWLHV�IRU�VPDOO�VFDOH�DQG�RU�HPHUJLQJ�WHFKQRORJ\�GHYHORSHUV�

)RU�FXOWXUDO�LQVWLWXWLRQV�
D�SDWKZD\�WR�DOWHUQDWLYH�RSHUDWLRQDO�PRGHOV�
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)RU�SULYDWH�VHFWRU�LQYHVWPHQW�
RSSRUWXQLWLHV�WR�EH�LQYROYHG�LQ�HPHUJLQJ�WHFKQRORJLHV�QRW�PDUULHG�WR�FRQYHQWLRQDO�VWDUWXS

SDWKZD\V�

)RU�SXEOLF�VHFWRU�LQYHVWPHQW�
SURGXFWLRQ�RI�LQVLJKW�DQG�LQWHOOHFWXDO�SURSHUW\�DV�VWUDWHJLF�DVVHWV�DW�VRFLHWDO�OHYHO��DOWHUQDWLYH�V\VWHP

WR�GHYHORS�JHQXLQHO\�LQQRYDWLYH�LGHDV�

2SHQ�TXHVWLRQV

:KDW�ZRXOG�D�PDMRU�SXEOLF�DUW�LQVWLWXWLRQ�ORRN�OLNH�ZLWKRXW�SK\VLFDO�H[KLELWLRQ�RU�SHUIRUPDQFH�VSDFHV"●

:KDW�W\SH�RI�PHWULFV�ZRXOG�EH�QHHGHG�WR�HYDOXDWH�WKH�LPSDFW�RI�ZRUN�WKDW�H[LVWV�ZLWKLQ�DUW�DQG�DOVR●

RXWVLGH�DUW"

+RZ�FDQ�FXOWXUDO�LQVWLWXWLRQV�VXSSRUW�WKH�GHYHORSPHQW�RI�WHFKQRORJLHV�WKDW�GR�QRW�VDWLVI\�WKH●

FRQWHPSRUDU\�IXQGLQJ�FRQGLWLRQV�RI�WKH�WHFK�LQGXVWU\"

+RZ�FDQ�$[$7�EH�D�SDUW�RI�QDWLRQDO�RU�LQWHUQDWLRQDO�LQGXVWULDO�VWUDWHJ\��DQG�ZKDW�ZRXOG�EH�WKH�LPSDFW●

RI�WKLV�RQ�WKH�FXOWXUDO�VHFWRU"

$W�ZKDW�SRLQW�GRHV�WKLV�VWUDWHJ\�FRQVWLWXWH�WKH�LQFRUSRUDWLRQ�RI�DQ�ÑDOWHUQDWLYH�WHFK�LQGXVWU\Ò"●

,V�LW�SRVVLEOH�WKDW�VXFK�D�ODUJH�VFDOH�LQLWLDWLYH�FRXOG�VHSDUDWH�IURP�WKH�DUW�ZRUOG�DV�FXUUHQWO\●

XQGHUVWRRG�DQG�EHFRPHV�DXWRQRPRXV��ZLWK�LWV�RZQ�IXQGLQJ�PHFKDQLVPV��LQVWLWXWLRQV�DQG

GLVFRXUVHÐD�KDUG�IRUN�LQ�WKH�DUW�ZRUOG"



Ñ)XWXUH�$UW�(FRV\VWHPVÒ��&KDSWHU����Ñ6WUDWHJLHV�IRU�DQ�$UW�,QGXVWULDO�5HYROXWLRQÒ��������E\�%HQ�9LFNHUV�
&KLHI�7HFKQRORJ\�2IILFHU��6HUSHQWLQH�DQG�9LFWRULD�,YDQRYD��5	'�3ODWIRUP�6WUDWHJLVW��6HUSHQWLQH��LV
WDNHQ�IURP�WKH�SXEOLFO\�DYDLODEOH�GRFXPHQW�KHUH��DQG�UHSXEOLVKHG�ZLWK�NLQG�SHUPLVVLRQ�RI�WKH
DXWKRUV�

>��@�7KHUH�DUH�KLVWRULFDO�H[DPSOHV�RI�DUWLVWV�SODFLQJ�WKHPVHOYHV�LQ�VRFLDO�DQG�FRPPHUFLDO
SDUWQHUVKLSV��IRU�H[DPSOH�-RKQ�/DWKDPÒV�$UWLVW�3ODFHPHQW�*URXS��/LQN��ELW�O\��7IX�PK

>��@�+ROO\�+HUQGRQ�LV�D�%HUOLQ�EDVHG�$PHULFDQ�FRPSRVHU��NQRZQ�IRU�VRSKLVWLFDWHG�LQWHJUDWLRQ�RI
GLJLWDO�V\VWHPV�DQG�HVSHFLDOO\�DUWLILFLDO�LQWHOOLJHQFH�ZLWK�WKH�KXPDQ�YRLFH�DQG�OLYH�SHUIRUPHUV�

>��@�3DULV�,QQRYDWLRQ�5HYLHZ�DUJXHV�WKDW�SODFLQJ�DUWLVWV�ZLWKLQ�FXWWLQJ�HGJH�UHVHDUFK�SURJUDPPHV
KHOSV�ZLWK�GHFRPSDUWPHQWDOLVDWLRQ��KHOSLQJ�UHVHDUFKHUV�WR�LQQRYDWH�DQG�OHDUQ�IURP�RWKHU
ILHOGV��/LQN�� ELW�O\��1L7%]W

>��@�1DWDOLH�-HUHPL�MHQNRÒV�/LYH�:LUH�LQVWDOODWLRQ��GHVLJQHG�DW�;HUR[�3$5&��LV�DQ�HDUO\�H[DPSOH�RI
SK\VLFDO�LQWHUIDFHV�WR�QHWZRUNV�EHLQJ�GHSOR\HG�DV�D�XELTXLWRXV�FRPSXWLQJ
H[SHULPHQW��/LQN�� ELW�O\��)+�R\8

>��@�6LPRQH�%KDQ�$KXMD�UHFHQWO\�DUJXHG�LQ�+DUYDUG�%XVLQHVV�5HYLHZ�WKDW�����RI�LQQRYDWLRQ�ODEV�IDLO
EHFDXVH�SODFLQJ�UHVHDUFK�LQ�D�ODERUDWRU\�VHWWLQJ�LVRODWHV�LW�IURP�PHDQLQJIXOO\�HQJDJLQJ�ZLWK�WKH
JRDOV�RI�RUJDQLVDWLRQ��/LQN�� ELW�O\��)'EO%Y�

7KDW�VDLG��WKH�DSSURDFK�KDV�SURGXFHG�VRPH�VLJQLILFDQW�VXFFHVVHV�RYHU�WKH�\HDUV��PRVW�IDPRXVO\�DW
;HUR[�3$5&��/LQN�� ELW�O\���D%:3$

>��@�&RUSRUDWLRQV�IUHTXHQWO\�HQJDJH�ZLWK�WKH�DUWV�DV�SDUW�RI�WKHLU�FRUSRUDWH�VRFLDO�UHVSRQVLELOLW\�ZRUN�
L�H���EXVLQHVV�FRPPLWPHQWV�WR�UHLQYHVW�D�IUDFWLRQ�RI�SURILWV�LQWR�SURMHFWV�RI�VRFLDO�EHQHILW�

>��@�7KH�SUHYDLOLQJ�DUW�ZRUOG�GLVFRXUVH�PD\�SRVLWLRQ�DUW�DV�FULWLFDOO\�UHIOHFWLYH�RQ�WKH�EURDGHU�FXOWXUH�
EXW�LW�PD\�EH�WKLV�DVVHUWHG�FULWLFDOLW\�LWVHOI�WKDW�PDNHV�DUW�DQ�DWWUDFWLYH�YHKLFOH�WR�FRUSRUDWLRQV�NHHQ�WR
SUHVHQW�WKHPVHOYHV�DV�FXOWXUDOO\�VRSKLVWLFDWHG��/LQN�� ELW�O\��7L5JV�

>��@�3ULPHU�LV�DQ�DUWV�SODWIRUP�EDVHG�LQ�WKH�KHDGTXDUWHUV�RI�'DQLVK�ELRWHFK�FRPSDQ\�$TXDSRULQ�
ZKLFK�GHVFULEHV�LWVHOI�DV�EHLQJ�ÑLQWHQGHG�DV�D�SODWIRUP�IRU�SURGXFWLRQ��GHYHORSPHQW�DQG�VXSSRUW�IRU
DUWLVWV�DQG�WKH�ILHOG�RI�DUW�LQ�JHQHUDO��H[SORULQJ�LWV�LQWURGXFWLRQ�LQWR�QHZ�VSDFHV�DQG
SURIHVVLRQV�Ò�/LQN��ELW�O\��5FS*GL

https://docs.google.com/document/d/1E_E_9yNwGhG_Ru9gJjsvJx9TxJi_-2u1uVkJN1jY7YI/edit?usp=sharing,
http://bit.ly/2Tfu6mh
http://bit.ly/2NiTBzt
http://bit.ly/2FH0oyU
http://bit.ly/2FDblBv
http://bit.ly/30aBWPA
http://bit.ly/2TiRgs3
http://bit.ly/2RcpGdi
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>��@�$SSOH�KDYH�UHFHQWO\�ODXQFKHG�VHYHUDO�DXJPHQWHG�UHDOLW\�SURJUDPPHV��GHYHORSHG�ZLWK�DUWLVWV
DQG�HGXFDWRUV�LQ�FROODERUDWLRQ�ZLWK�WKH�1HZ�0XVHXP��7KHVH�LQFOXGH�LQ�VWRUH�HYHQWV�XQGHU�WKH�UXEULF
RI�$SSOH�$5>W@�/DEV�DQG�UHODWHG�$5>W@�:DONV�WKURXJK�SXEOLF�XUEDQ�VSDFHV��/LQN�� DSSOH�FR��W8�Q-�

>��@�$�XVHUIXO�ZDUQLQJ�DERXW�WKH�OLPLWHG�DWWHQWLRQ�VSDQ�RI�FRUSRUDWLRQV�LQYHVWLQJ�LQ�DUW�SURJUDPPHV
LV�WKH�FORVXUH�RI�WKH�,QWHUDFWLYH�'HVLJQ�,QVWLWXWH�,YUHD�LQ�������DIWHU�RQO\�IRXU�\HDUV�RI
RSHUDWLRQ��/LQN�� ELW�O\���F%9XU

>��@�$V�D�WKRXJKW�H[SHULPHQW��LW�LV�HQWLUHO\�SRVVLEOH�JLYHQ�WKH�SRVVLELOLW\�RI�QDWLRQ�VWDWH�DQG�VXSUD�
QDWLRQDO�OHJDO�PRYHV�DJDLQVW�VRFLDO�PHGLD�QHWZRUNV��H�J��DQWL��PRQRSRO\�OHJLVODWLRQ��PHGLD
UHJXODWLRQ�ÐSOXV�VFDQGDOV�VXFK�DV�&DPEULGJH�$QDO\WLFDÒV�LQYROYHPHQW�ZLWK�)DFHERRNÐWKDW�WKH
VXSSRUW�RI�DUWLVWV�E\�VXFK�FRPSDQLHV�FRXOG�WULJJHU�D�EDFNODVK�DQG�EHFRPH�EUDQGHG�DV�ÑWUXVWZDVKLQJÒ�

>��@�$V�0LNH�3HSL�VXPPDULVHV�
&KULVWLHÒV�WKULYHV�RQ�VFDUFLW\��*RRJOH�GRHV�QRW�Ò�/LQN��ELW�O\��7H5�G�

>��@�)RU�H[DPSOH��VHH�/XF\�6ROOLWW
V������UHSRUW�IRU�&UHDWLYH�8QLWHG�RQ�7KH�)XWXUH�RI�WKH�$UW�0DUNHW�
ZKLFK�KLJKOLJKWV�VRPH�RI�WKH�XUJHQW�FKDOOHQJHV�IDFHG�DFURVV�WKH�DUWV�LQ�DGDSWLQJ�WR�QHZ�IRUPV�RI
WHFKQR�HFRQRPLF�LQIUDVWUXFWXUH��/LQN�� ELW�O\��E�43;Z

1RWH�IXUWKHU�WKDW��ZKLOH�KDUG�GDWD�LV�GLIILFXOW�WR�DFTXLUH��WKHUH�DUH�PDQ\�DFFRXQWV�RI�WHFK�LQGXVWU\
ILJXUHV�EHLQJ�IDYRXUDEO\�GLVSRVHG�WRZDUG�DUW�DQG�DUWLVWV�EXW�EHLQJ�H[WUHPHO\�VNHSWLFDO�RI�WKH�DUW
LQGXVWU\
V�V\VWHPV�RI�YDOXDWLRQ��/LQN�� EORRP�EJ��\\.�'=

>��@�Ñ,I�\RX�ZHUH�ZRUNLQJ�ZLWK�D�GHYHORSHU�DQG�FRPLQJ�XS�ZLWK�LGLRV\QFUDWLF�DSSURDFKHV�WRZDUGV�D
VSHFLILF�PDFKLQH�OHDUQLQJ�DUFKLWHFWXUH��WKHQ�DQRWKHU�DUWLVW�FRPHV�LQWR�WKDW�UHVLGHQF\�DQG�WKH
GHYHORSHU�WDNHV�VRPH�RI�WKRVH�LGHDV�DQG�DSSOLHV�WKDW�WR�WKH�QH[W�SHUVRQÐWKDWÒV�VRPHWKLQJ�WKDW�FDQ
EH�UHDOO\�SUREOHPDWLF�LQ�DQ�DUWV�FRQWH[W��/LNHZLVH��LI�\RX�KDYH�WKH�VDPH�GHYHORSHUV�ZRUNLQJ�ZLWK�D
ODUJH�SRRO�RI�DUWLVWV�DQG�\RX�KDYH�RQH�VSHFLILF�DSSURDFK�WRZDUGV�WHFKQRORJ\�WKDW�LV�WKHQ�IXQQHOOHG
LQWR�GLIIHUHQW�SUDFWLFHV�UDWKHU�WKDQ�KDYLQJ�GUDPDWLFDOO\�GLIIHUHQW�DSSURDFKHVÒ��+ROO\�+HUQGRQ

>��@�,W�VKRXOG�EH�QRWHG�WKDW�ODUJH�VFDOH�VWXGLRV�DUH�QRW�WKHPVHOYHV�XQKHDUG�RI�LQ�WKH�KLVWRU\�RI�DUW��)RU
H[DPSOH��5XEHQV�ZDV�IDPRXV�IRU�KLV�KXJH�ZRUNVKRS�ILOOHG�ZLWK�VWXGHQWV�DQG�DSSUHQWLFHV��ZKLOVW�DW
RQH�SRLQW�'DPLHQ�+LUVW�HPSOR\HG�����SHRSOH��ZRUNHG�ZLWK�KLJK�EXGJHWV�DQG�RSHQHG�D�PXVHXP�
6XFK�YHQWXUHV��KRZHYHU��W\SLFDOO\�KDYH�EHHQ�ODFNLQJ�VRPH�RI�WKH�IHDWXUHV�RI�$[$7�SUDFWLFH�LWHPLVHG
LQ�&KDSWHU����DQG�UHSUHVHQW�D�FRQWLQXDWLRQ�RI�FRQYHQWLRQDO�DUW�LQGXVWU\�PRGHOV�XQGHU�QHZ�RZQHUVKLS�
DV�LW�ZHUH��UDWKHU�WKDQ�D�EUHDN�ZLWK�WKH�VWDWXV�TXR�DV�LQGLFDWHG�E\�WKH�NLQGV�RI�LQIUDVWUXFWXUDO�SOD\V
GRFXPHQWHG�LQ�&KDSWHU����/LQN�� ELW�O\��))'0�-

>��@�WHDP/DE�UXQ�WKHLU�RZQ��������VTXDUH�PHWUH�GLJLWDO�DUW�PXVHXP�LQ�7RN\R��/LQN�� ELW�O\���3,�+(

>��@�7LFNHWV�WR�WHDP/DEÒV�%RUGHUOHVVFRVW�DSSUR[LPDWHO\�����LQ�������ZKHQ�WKH\�DWWUDFWHG�����PLOOLRQ
YLVLWRUV�

>��@�$Q�DOWHUQDWLYH�FRQFHSWXDOLVDWLRQ�PLJKW�EH�WKDW�DUW�VWDFNV�H[FHHG�PD[LPXP�YLDEOH�DUW��JLYHQ�WKDW
WKH\�RSHUDWH�EH\RQG�WKH�ILQDQFLDO�DQG�RUJDQLVDWLRQDO�PRGHOV�WKDW�KDYH�SUHGRPLQDWHG�LQ�WKH�DUW�ZRUOG
WR�GDWH�

>��@�WHDP/DE�ORFDWH�UHIHUHQFH�SRLQWV�IRU�LWV�H[SDQVLYH�LPPHUVLYH�HQYLURQPHQWV�LQ�SUHPRGHUQ
-DSDQHVH�DUW��VSHFLILFDOO\�ZKDW�LW�FDOOV�XOWUDVXEMHFWLYH�VSDFH��ZKLFK�RIIHUV�DQ�DOWHUQDWLYH�FRQFHSWLRQ�RI
WKH�RSWLFDO�UHODWLRQ�RI�YLHZHU�WR�DUWZRUN��EDVHG�LQ�SUHPRGHUQ�-DSDQHVH�SLFWRULDO�WUDGLWLRQV�UDWKHU�WKDQ
:HVWHUQ�OLQHDU�SHUVSHFWLYH��7KH�YLHZHU�LPDJLQHV�WKHPVHOYHV�DV�D�FRPSRQHQW�RI�D�GHSLFWHG�VFHQH�
UDWKHU�WKDQ�REVHUYLQJ�LW�IURP�WKH�SHULSKHU\��/LQN�� ELW�O\��7THGG�

>��@�$V�LQ�WKH�FDVH�RI�SRS�DUWLVW�.$:6��WKH�RXWSXW�RI�ZKRVH�ZRUN�VSDQV�OLPLWHG�HGLWLRQ�YLQ\O�WR\V
DYDLODEOH�WR�WKH�PDVV�PDUNHW��ODUJH�VFDOH�VFXOSWXUHV�SRVLWLRQHG�ZLWKLQ�WKH�FRQWHPSRUDU\�DUW�PLOLHX�
DQG�FROODERUDWLRQV�ZLWK�IDVKLRQ�EUDQGV�VXFK�DV�6XSUHPH�DQG�1LNH�

>��@�3LRQHHULQJ�ELRWHFK�DUWLVW�2URQ�&DWWV�ZRUNHG�ZLWK�HDUO\�VWDJH�WLVVXH�FXOWXUH�WHFKQRORJLHV��'HVSLWH
WKH�HYLGHQW�DUW�VWDFN�SRWHQWLDOÐYLD�DQ�DUW�SURGXFW�RU�EXLOGLQJ�WRROV�PRGHOOLQJ�KLV�HDUO\�ZRUN
GHYHORSLQJ�YLFWLPOHVV�PHDWDQG�YLFWLPOHVV�OHDWKHUÐ&DWWV�VHHV�WKH�FRPPHUFLDO�GHYHORSPHQW�RI�WKHVH
LGHDV�DV�V\PSWRPV�RI�FRQVXPHULVP�DQG�DQWLWKHWLFDO�WR�WKH�GHHSHU�FRQFHUQV�RI�KLV
SUDFWLFH��/LQN�� ELW�O\���<�H0J

>��@�-RQDWKDQ�/HGJDUG�FROODERUDWHV�ZLWK�DUWLVWV�RQ�WHFKQRORJ\�DQG�QDWXUH��LV�D�QRYHOLVW��H[SHUW�RQ�$,
DQG�URERWV�SDUWLFXODUO\�LQ�$IULFD��IRUHLJQ�DQG�ZDU�FRUUHVSRQGHQW�IRU�7KH�(FRQRPLVW�

>��@�3URWRFHOOV�DUH�DQ�H[DPSOH�RI�DQ�HDUO\�VWDJH�WHFKQRORJ\�ZLWK�QR�FOHDU�SDWKZD\�WR�LPPHGLDWH
DSSOLFDWLRQ�
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/LQN��ELW�O\��VOY��:

>��@�1HLJKERXUKRRG�OHYHO�HOHFWULFLW\�JHQHUDWLRQ�LV�DQ�H[DPSOH�RI�D�SRWHQWLDOO\�VLJQLILFDQW�WHFKQRORJ\
WKDW�GRHV�QRW�UHDGLO\�ILW�ZLWK�HLWKHU�FRQVXPHU�IRFXVHG�UHWDLO��QRU�H[LVWLQJ�PDMRU�LQIUDVWUXFWXUDO�SODQV�

>��@�7UHYRU�3DJOHQ�DQG�.DWH�&UDZIRUG�

Ñ:H�FUHDWHG�,PDJH1HW�5RXOHWWH�DV�D�SURYRFDWLRQ��LW�DFWV�DV�D�ZLQGRZ�LQWR�VRPH�RI�WKH�UDFLVW�
PLVRJ\QLVW��FUXHO�DQG�VLPSO\�DEVXUG�FDWHJRULVDWLRQV�HPEHGGHG�ZLWKLQ�,PDJH1HW��,W�OHWV�WKH�WUDLQLQJ
ÑVSHDN�IRU�LWVHOIÒ��DQG�LQ�GRLQJ�VR�KLJKOLJKWV�ZK\�FODVVLI\LQJ�SHRSOH�LQ�WKLV�ZD\�LV�XQVFLHQWLILF�DW�EHVW�
DQG�GHHSO\�KDUPIXO�DW�ZRUVW�Ò�/LQN��ELW�O\���9�)XX

>��@�$W�WKH�WLPH�RI�ZULWLQJ��)RUHQVLF�$UFKLWHFWXUH�DUH�FURZGVRXUFLQJ�YLGHR�IRRWDJH�RI�WKH�*UHQIHOO
7RZHU�ILUH�LQ�RUGHU�WR�SURMHFWLRQ�PDS�DQ�DFFXUDWH��'�YLGHR�RI�KRZ�WKH�ILUH�SURJUHVVHG�WKURXJK�WKH
EXLOGLQJ��/LQN��ELW�O\��WD/K/�

>��@�)HGHUDWLRQ�LV�XVHG�KHUH�WR�PHDQ�VRPHWKLQJ�VLPLODU�WR�LQWHUGHSHQGHQFH��DV�DGYRFDWHG�E\�+ROO\
+HUQGRQ�DQG�0DW�'U\KXUVW�DV�D�SULQFLSOH�IRU�DQ�DOWHUQDWLYH�WR�WKH�LQGHSHQGHQW�PXVLF�VFHQH��IRFXVHG
RQ�FRPSOH[�HFRV\VWHPV�RI�QHZ�RUJDQLVDWLRQV�DQG�ILQDQFLDO�PRGHOV��DQG�HYROYLQJ�UHODWLRQVKLSV�WR
DXGLHQFHV�DQG�WRROV��/LQN�� ELW�O\��W�1TDN

>��@�2QH�PHFKDQLVP�IRU�RSHQLQJ�XS�URXWHV�RI�DFFHVV�WR�WHFKQRORJ\�ZRXOG�EH�WKH�SURYLVLRQ�RI
SODWIRUPV�WR�HQDEOH�FRQVRUWLD�WR�EH�EXLOW�DURXQG�$[$7�UHODWHG�FDSLWDO�LQYHVWPHQW�IURP�FXOWXUDO
LQVWLWXWLRQV��PXFK�DV�LV�WKH�FDVH�RQ�PDMRU�DFDGHPLF�VFLHQFH�DQG�HQJLQHHULQJ�SURMHFWV�OLNH�&(51�

>��@�:�$�*�(��LV�DQ�DFWLYLVW�RUJDQLVDWLRQ�ZRUNLQJ�WR�HVWDEOLVK�VXVWDLQDEOH�HFRQRPLF�UHODWLRQVKLSV
EHWZHHQ�DUWLVWV�DQG�WKH�LQVWLWXWLRQV�WKDW�FRQWURO�WKH�DUW�ZRUOG��/LQN��ELW�O\��5E806%

>��@�3URSHUW\�ULJKWV�RYHU�SHUVRQDO�GDWD�KDV�HYROYHG�LQWR�D�KHDWHG�GHEDWH��DQG�WKH�NQRFN�RQ�GHEDWH
RYHU�ZKR�RZQV�WKH�LQWHOOHFWXDO�SURSHUW\�RI�WHFKQRORJLHV�FUHDWHG�IURP�WKDW�GDWD�LV�OLNHO\�WR�EHFRPH
HYHQ�PRUH�FRQWHQWLRXV�DV�WKRVH�SURGXFWV�EHFRPH�PRUH�YDOXDEOH��/LQN��ELW�O\��)'K()E

>��@�2QH�FRXOG�PDNH�D�FRPSDULVRQ�WR�WKH�JURZWK�RI�ODEHO�VHUYLFHVLQ�WKH�PXVLF�LQGXVWU\��7UDGLWLRQDO
UHFRUG�ODEHOV�SURYLGH�DUWLVWV�ZLWK�D�SRUWIROLR�RI�VHUYLFHV��PDQDJHPHQW�RI�SXEOLVKLQJ�ULJKWV��PDNLQJ
DUUDQJHPHQWV�ZLWK�VWUHDP�VHUYLFHV��SUHVVLQJ�UHFRUGV��WRXU�RUJDQLVDWLRQ��LQ�UHWXUQ�IRU�D�FRQWUDFW�WKDW
LV�XVXDOO\�H[FOXVLYH�DQG�ORQJ�WHUP��/DEHO�VHUYLFHV�GLVDJJUHJDWH�WKHVH�IXQFWLRQV�LQWR�LQGLYLGXDO
VHUYLFHV�WKDW�DUWLVWV�FDQ�RSW�LQWR�DQG�RXW�RI��DV�DQG�ZKHQ�QHHGHG��/LQN�� ELW�O\��W71�$(

>��@�$V�SDUW�RI�D�UHFHQW�UHWURVSHFWLYH�DW�/RQGRQÒV�,QVWLWXWH�IRU�&RQWHPSRUDU\�$UW��)RUHQVLF
$UFKLWHFWXUH�UDQ�D�VHULHV�RI�VNLOO�VKDULQJ�VKRUW�FRXUVHV�LQ�IRUHQVLF�DUFKLWHFWXUH��RIIHULQJ�WKH�SXEOLF
WUDLQLQJ�LQ�WHFKQLTXHV�WKH\�KDG�GHYHORSHG��/LQN�� ELW�O\���K�2\D

>��@�5HODWLYHO\�VPDOO�VFDOH�LQLWLDWLYHV�OLNH�WKH�8.�JRYHUQPHQWÒV�3ROLF\�/DE�FXUUHQWO\�WDNH�D�YHUVLRQ�RI
WKLV�DSSURDFK��DOWKRXJK�ODUJHO\�ZLWKRXW�HQJDJHPHQW�RI�WKH�NLQGV�RI�WHFKQRORJ\�ZLWK�ZKLFK�$[$7
SUDFWLWLRQHUV�DUH�ZRUNLQJ��/LQN�� ELW�O\��7I:I.J
7KH�PRVW�VHULRXV�LQYHVWPHQW�LQ�WKLV�VWUDWHJ\�WR�GDWH�LV�DUJXDEO\�WKH�'XEDL�)XWXUH�)RXQGDWLRQ�DQG�WKH
UHODWHG�0XVHXP�RI�WKH�)XWXUH��/LQN�� ELW�O\��1M6$;0

>��@�$WWHPSWV�DW�EXLOGLQJ�$[$7�GLVWULEXWLRQ�V\VWHPV�KDYH�WHQGHG�WRZDUG�D�GHJUHH�RI�FRQIRUPLW\�ZLWK
OHJDF\�DUW�LQGXVWU\�SUDFWLFHV��VXFK�DV�DOLJQLQJ�ZLWK�D�PRGHO�RI�YDOXH�DV�EHLQJ�SURGXFHG�E\�VFDUFLW\�

>��@�1RDK�5DIRUG�LV�)XWXULVW�LQ�&KLHI�DQG�&KLHI�RI�*OREDO�$IIDLUV�DW�WKH�'XEDL�)XWXUH�)RXQGDWLRQ�

>��@�7KH�KLJK�FRVW�RI�V\VWHPV�QHHGHG�WR�GLVSOD\�$[$7�ZRUNV��ZKLFK�LQFOXGH�ERWK�WHFKQRORJ\�DQG�WKH
H[SHUWLVH�WR�GHSOR\�DQG�PDLQWDLQ�LW��LV�LWVHOI�SURKLELWLYH��DQG�UHSUHVHQWV�D�PDMRU�LQYHVWPHQW�LQ�D�QHZ
FDSDELOLW\�IRU�H[LVWLQJ�JDOOHU\�RU�PXVHXP�PRGHOV��52,�IRU�H[LVWLQJ�JDOOHULHV�RU�PXVHXPV�LV�IXUWKHU
FRPSOLFDWHG�E\�WKH�WHQGHQF\�WR�URWDWH�H[KLELWLRQVÐD�GHGLFDWHG�GLVSOD\�VSDFH�QRW�LQ�FRQWLQXRXV�XVH
RIIHUV�D�UHODWLYHO\�SRRU�UHWXUQ�

>���@�*RYHUQPHQW�LQYHVWPHQW�VXSSRUWLQJ�DUWV�DQG�LQQRYDWLRQ�PLJKW�EH�XQGHUVWRRG�DV�D�UHDQLPDWLRQ
RI�WKH�IUHTXHQWO\�XQUHFRJQLVHG�UROH�SOD\HG�E\�JRYHUQPHQWV�LQ�WKH�RULJLQDO�GHYHORSPHQW�RI�PDQ\
FRQWHPSRUDU\�WHFKQRORJLHV�GXULQJ�WKH�WZHQWLHWK�FHQWXU\��/LQN�� ELW�O\��5DT-G0

6HUSHQWLQH�5	'�3ODWIRUP�	�5LYDO�6WUDWHJ\

6HUSHQWLQH�5	'�3ODWIRUP��%HQ�9LFNHUV��6RSKLH�1HWFKDHI��DQG�9LFWRULD�,YDQRYD

5LYDO�6WUDWHJ\��0DUWD�)HUUHLUD�'H�6D"�DQG�%HQHGLFW�6LQJOHWRQ
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0\�ERG\�LV�D�VWUXFWXUH�WKDW�FDUULHV�P\�IHHOLQJV��,�KDYH�QRWKLQJ�HOVH�WR�GR�WKLV�MRE��%XW�LQ�WKH�UHFHQW

PRQWKV��P\�IHHOLQJV�KDYH�QRW�EHHQ�DEOH�WR�FRSH�ZLWK�WKH�WDVN�RI�KROGLQJ�P\�ERG\��7KH�WHQVLRQ�WKDW�KDV

WDNHQ�RYHU�P\�ERG\�VLQFH�WKH�VWDUW�RI�WKH�&RYLG�SDQGHPLF�FKDQJHV�LQ�LQWHQVLW\�GHSHQGLQJ�RQ�WRR�PDQ\

IDFWRUV��6RPHWLPHV�WKHVH�DUH�REYLRXV��EXW�PRVW�RIWHQ�WKH�WDVN�RI�LGHQWLI\LQJ�WKHP�DOO�LV�ODERULRXV��WLPH

FRQVXPLQJ�DQG�VLPSO\�ERULQJ��DQG�ULVNV�ORVLQJ�VLJKW�RI�OLIH�DV�LW�KDSSHQV��7KH�IHHOLQJ�RI�EHLQJ�VSOLW�

GLYLGHG��H[WHQGHG�DQG�VSUHDG�DFURVV�QHWZRUNV��=RRP�FDOOV�DQG�EXVLQHVV�VWLOO�XQILQLVKHG�LV�RYHUZKHOPLQJ��,

WDNH�YLWDPLQ�&��'�DQG�HFKLQDFHD��,�PDNH�IHUPHQWV�WR�JURZ�PLFUREHV�WKDW�QRXULVK�P\�ERG\��$QG�,�DP

LQFUHDVLQJO\�DWWDFKHG�WR�P\�FRPSXWHU��ZKLFK�KDV�EHFRPH�D�ZLQGRZ�RQWR�OLIH�WKDW�KDSSHQV�VRPHZKHUH

HOVH��ZKLOH�EHFRPLQJ�P\�UHDOLW\�

<HW��RI�FRXUVH��P\�OLIH�DOVR�KDSSHQV�KHUH��ZKHUH�,�VLW��,�NHHS�VRPH�RI�P\�LQWHUDFWLRQV�DZD\�IURP�WKH

FRPSXWHU��EXW�WKH�QXPEHU�LV�IDOOLQJ��(YHQ�QRZ��LQ�ZULWLQJ�WKLV�WH[W��,�DP�FDSWXULQJ�P\�IHHOLQJV�ZLWK�P\

FRPSXWHU��,�KDYH�VLWXDWHG�P\�ERG\�LQ�WLPH�DQG�VSDFH�ZKLOH�PDSSLQJ�IHHOLQJV�DQG�DWWDFKLQJ�WKHP�KHUH�

VHOHFWLQJ�VHQVD�WLRQV��DUFKLYLQJ�PRRGV��GLVSOD\LQJ�PRPHQWV��&XUDWLQJ��$QG�LQ�WKH�SURFHVV�,�UHPDLQ

FRQQHFWHG�DQG�UHDFW�WR�WZHHWV��WR�:KDWVDSS�RU�6LJQDO�PHVVDJHV�IURP�IULHQGV��ORRNLQJ�DW�,QVWDJUDP

SLFWXUHV�YLD�)DFHERRN�DQG�VR�RQ��,�FKRRVH�WRROV�DQG�DSSV�WR�PDNH�FRQQHFWLRQV�RU�VLPSO\�WR�VWD\�FRQQHFWHG�

ZHDYLQJ�QHWZRUNV��HQJDJLQJ�ZLWK�V\VWHPV�DQG�EHFRPLQJ�SDUW�RI�WKHP��,�DP�VHQVLQJ�KRZ�LW�IHHOV�WR

EHFRPH�SRVWKXPDQ��D�ERG\�RI�GDWD�DQG�DIIHFW�

7R�VXJJHVW�WKDW��GLJLWDO��OLIH�WRGD\�UHYROYHV�DURXQG�FXUDWLQJ�PLJKW�EH�WRR�PXFK�RI�D�UHGXFWLRQ��/LIH�

HYHQ�WKH�GLJLWDO�RQH��LV�VR�PXFK�PRUH�FRPSOH[�WKDQ�D�SURFHVV�RI�VHOHFWLRQ�DQG�DUUDQJLQJ�WKLQJV��,W�LV�PRUH

WKDQ�DQ�DUFKLYH�RU�D�GDWDEDVH��6XFK�D�FRQWUDFWLRQ��KRZHYHU��DOORZV�XV�WR�FRQVLGHU�WZR�LPSRUWDQW�HOHPHQWV

LQ�FRQWHPSRUDU\�FXUDWLQJ�DQG�LQIRUPDWLRQ�QHWZRUNV��FRQWURO�DQG�DIIHFW��2Q�WKH�RQH�KDQG��FXUDWLQJ�LV�D

PHWKRG�RI�H[HUWLQJ�VRPH�IRUP�RI�FRQWURO�LQ�D�V\VWHP�WKDW�UHTXLUHV�DUUDQJLQJ�UHODWLRQV�LQWR�GLUHFWRULHV��,Q

WKH�SURFHVV�RI�JHQHUDWLQJ�GDWD�DQG�FUHDWLQJ�IROGHUV��GDLO\�FXUDWRULDO�GHFLVLRQV�LQFOXGH�QDPLQJ�ILOHV�

GHFLGLQJ�RQ�WKHLU�IRUPDW���W[W���MSJ���SQJ���DYL��HWF����RUJDQLVLQJ�WKHP�DQG�FKRRVLQJ�VWRULQJ�GHYLFHV��DQG�VR

RQ��8VHUV�FROOHFW�DQG�DUFKLYH�GDWD�URXWLQHO\��DQG�LQ�WKH�SURFHVV��WKHLU�OLYHV�WRR�EHFRPH�GDWD�WR�EH�PDQDJHG

DQG�RUJDQLVHG��2Q�WKH�RWKHU�KDQG��ZKLOH�QHWZRUN�FRQQHFWLRQV�DOORZ�H[SDQVLRQ�EH\RQG�RQHÒV�RZQ

FRPSXWHU�RU�PRELOH�SKRQH��WKH�YROXPH��YHORFLW\�DQG�YHUDFLW\�RI�OLQNV�PDGH��ILOHV�H[FKDQJHG�DQG�GDWD

FDSWXUHG�LV�VXFK�WKDW�WU\LQJ�WR�PDNH�VHQVH�RI�WKHVH�GDWD�LV�D�WDVN�RSWLPLVHG�SUHGRPLQDQWO\�IRU�PDFKLQHV

ZLWK�D�SODWIRUP�SURILW�DV�WKH�PDLQ�REMHFWLYH�>�@�,W�LV�VLPSO\�QRW�SRVVLEOH�IRU�XVHUV�WR�PDNH�VHQVH�RI�ELJ�GDWD�

HVSHFLDOO\�LI�VXFK�VHQVH�PDNLQJ�LV�EDVHG�RQ�PRGHOV�WKDW�UHTXLUH�ÑWKH�FDSWXUH�DQG�PDQLSXODWLRQ�RI�SHRSOHÒV

DFWLYLWLHV�DQG�HQYLURQPHQWVÒ�>�@�$QG�DV�FXUDWLQJ�EHFRPHV�LQFUHDVLQJO\�SRVWKXPDQ�LW�WDNHV�SODFH�DW

GLIIHUHQW�OHYHOV�>�@�&XUDWLQJ�KDV�EHFRPH�DQ�RUJDQLVHG�IRUP�RI�FRQWURO�H[HFXWHG�E\�DOJRULWKPV�DQG�PDGH

SRVVLEOH�E\�ELJ�GDWD��ZKLOH�DOVR�GLUHFWO\�DIIHFWLQJ�SHRSOH�ZKRVH�OLYHV�KDYH�EHHQ�LQFRUSRUDWHG�LQWR�GLJLWDO

LQIUDVWUXFWXUHV�WKDW�PDLQWDLQ�WKH�V\VWHP��D�QHFHVVDU\�HOHPHQW�IRU�WKH�SURILWDEOH�SHUIRUPDQFH�RI�)DFHERRN�

*RRJOH��$PD]RQ��0LFURVRIW�DQG�$SSOH��WR�QDPH�RQO\�WKH�ELJJHVW�ILYH�

1R�ZRQGHU�WKDW�WRGD\�VHQVH�PDNLQJ�KDV�EHFRPH�D�SURMHFW�WKDW�LV�HQJLQHHUHG�E\�FRPSXWHU�VFLHQFH�

)RU�PDQ\�XVHUV�RI�GLJLWDO�GHYLFHV��IHHOLQJ�WKH�ZRUOG�LV�V\QRQ\PRXV�ZLWK�FKHFNLQJ�VRFLDO�PHGLD�VWDWXV��7KH

PDLQ�IRUP�RI�LQWHUDFWLRQ�ZLWK�WKH�GLVWULEXWHG�LQIRUPDWLRQ�V\VWHP�WKDW�LV�WKH�ZRUOGZLGH�ZHE�LV�EDVHG�RQ

DOJRULWKPLF�PRGHOV�IRU�QHZV�GHOLYHU\�DQG�SXUFKDVLQJ�SURGXFWV��7KLV�LV�D�VWUXFWXUDO�WUDQVIRUPDWLRQ��%XW

DIIHFW�DQG�HPRWLRQV�DUH�DV�PXFK�SDUW�RI�WKLV�V\VWHP�DV�DOJRULWKPV�DQG�GDWD��1HZV�IHHGV�DQG�SHUVRQDOLVHG

UHVXOWV�RIIHUHG�ZKHQ�ORJJLQJ�LQ�RQOLQH�DUH�PDQDJHG�E\�RSWLPLVDWLRQ�PRGHOV�GHVLJQHG�WR�ÑWUHDW�WKH�ZRUOG

QRW�DV�D�VWDWLF�SODFH�WR�EH�NQRZQ��EXW�DV�RQH�WR�VHQVH�DQG�FR�FUHDWHÒ��ZKLFK�WRR�RIWHQ�UHVXOWV�LQ�ÑVRFLDO�ULVNV

DQG�KDUPV�VXFK�DV�VRFLDO�VRUWLQJ��PDVV�PDQLSXODWLRQ��DV\PPHWULFDO�FRQFHQWUDWLRQ�RI�UHVRXUFHV��PDMRULW\

GRPLQDQFH��DQG�PLQRULW\�HUDVXUHÒ�>�@�7KH�SRYHUW\�RI�SRVVLELOLWLHV�WKDW�FRPSXWHU�VFLHQFH�PRGHOV�RIIHU�DUH

FXUUHQWO\�GLVSOD\HG�RQOLQH�DQG�PDGH�YLVLEOH�DV�ELDV�LQ�$,�V\VWHPV�DQG�LPDJH�GDWD�VHWV��SRODULVDWLRQ�RI

RSLQLRQV�WKDW�IHHG�DQG�GLVSOD\�KDWH�ZKLOH�GLYLGLQJ�FRPPXQLWLHV�DQG�SHRSOH��VHQVDWLRQDOLVW�FRQVSLUDWRULDO

QDUUDWLYHV�WKDW�IHHG�FOLFN�EDLW�HFRQRP\��DQG�PDQ\�PRUH�HIIHFWV�WKDW�SOD\�RXW�DOJRULWKPLF�VFHQDULRV�DQG
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IRUPV�RI�FR�FUHDWLRQ�RI�WKH�QHZ�ZRUOG��0DNLQJ�VHQVH�LV�DERXW�WUXWK�JDPHV�SOD\HG�E\�FRPSXWHU�VFLHQFH�

GULYHQ�E\�VROXWLRQLVP�ZLWKRXW�HYHU�DVNLQJ�Ñ:KDW�LV�LW�IRU"Ò��Ñ:KR�ZLOO�LW�KDUP"Ò��Ñ:KR�GRHV�LW�VHUYH"Ò�

Ñ6KRXOG�LW�EH�LQWURGXFHG�LQWR�WKH�ZRUOG"Ò�

7KHVH�VWUXFWXUDO�WUDQVIRUPDWLRQV�RI�OLIH�WDNH�SODFH�WKURXJK�SURFHVVHV�RI�GLJLWLVDWLRQ��GLJLWDOLVDWLRQ�

GDWDILFDWLRQ��$,�DQG�%LJ�'DWD��$QG�ZKLOH�SUHGRPLQDQWO\�GULYHQ�E\�SRRU�FRPSXWHU�VFLHQFH�LQ�WKH�VHUYLFH�RI�D

PDUNHW�ORJLF�WKDW�ZDQWV�PRUH�FOLFNV�DQG�HYHQ�PRUH�GDWD�ZLWK�ZKLFK�WR�SOD\�DQG�ZKLFK�WR�PRGHO�IRU�JURZWK

WKDW�SURILWV�D�IHZ��ZH�DUH�UHPLQGHG�WR�WKLQN�DERXW�WUDQVLWLRQDO�IRUPV�DQG�VWUXFWXUDO�WUDQVIRUPDWLRQV��)RU

/DXUHQ�%HUODQW��VWUXFWXUH�LV�ÑWKDW�ZKLFK�RUJDQL]HV�WUDQVIRUPDWLRQÒ�DQG�LQIUDVWUXFWXUHV�PDLQWDLQ�LW�>�@

,QIUDVWUXFWXUH�LV�ÑWKH�OLYLQJ�PHGLDWLRQ�RI�ZKDW�RUJDQL]HV�OLIH��WKH�OLIHZRUOG�RI�VWUXFWXUH�ELQGV�XV�WR�WKH�ZRUOG

LQ�PRYHPHQW�DQG�NHHSV�WKH�ZRUOG�SUDFWLFDOO\�ERXQG�WR�LWVHOI�Õ>�@�,QIUDVWUXFWXUHV�DUH�OLYLQJ�IRUPV�IRU

UHODWLQJ�DQG�FRQQHFWLQJ�WR�RWKHU�KXPDQV�DQG�QRQKXPDQV��7KDWÒV�ZKHUH�OLYLQJ�KDSSHQV��ZKHUH�OLYHV

FROOLGH�DQG�HQFRXQWHU�KDUP�DQG�SOHDVXUH��GDPDJH�DQG�QRXULVKPHQW��$QG�WRGD\��LQ�WKH�WLPH�RI�SDQGHPLF

DQG�D�ILJKW�IRU�SRZHU�ZKHUH�SHRSOH�DUH�FRQWLQXRXVO\�FRXQWHG��WKH�GDLO\�SUDFWLFH�RI�EHLQJ�DOLYH�LV�EHFRPLQJ

D�SUDFWLFH�RI�EHLQJ�RQOLQH��HQ�PDVVH��\HW�DORQH��RIWHQ�DW�KRPH��RU�PLJUDWLQJ��EXW�DOZD\V�FRXQWHG�>�@�,W�LV

H[SHULHQFH�RI�GLJLWDO�OLIH�RQ�VRFLDO�PHGLD�SODWIRUPV�ZKHUH�WKHUH�LV�QR�FRPPXQLW\�EXW�DOJRULWKPV�UHOHDVHG

E\�WKH�XQLRQ�RI�FRPSXWHU�VFLHQFH�ZLWK�PDUNHW�
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)LJXUH����0DLQWDLQLQJ�,QGHWHUPLQDF\��/RUHQ�%ULWWRQ���������LPDJH�FRXUWHV\�RI�WKH�DUWLVW�

7KLV�GDPDJHG��GLJLWDO��OLIH�QHHGV�RWKHU�LPDJLQDULHV�WKDW�FDQ�WDNH�LQWR�DFFRXQW�WKH�WHUPV�IRU

WUDQVIRUPDWLRQ�ZLWK�GLJLWDO�VWUXFWXUDO�IRUPV�WKDW�KROG�WKH�FRQGLWLRQV�IRU�ÑLQIUDVWUXFWXUHV�RI�VRFLDOLW\Ò�>�@

'LIIHUHQW�ZD\V�RI�NQRZLQJ��DQG�QRW�NQRZLQJ�QHHG�WR�EH�SDUW�RI�WKLV��:H�QHHG�WR�LPDJLQH�ZKDW�FRXOG�EH

SRVVLEOH��KRZ�WR�GUDZ�FRQQHFWLRQV��DQG�WR�EH�LQ�WRXFK��\HW�ZLWK�OHVV�FHUWDLQW\��7KHVH�DUH�WKH�TXHVWLRQV�WKDW

/RUHQ�%ULWWRQ�DQG�+HOHQ�3ULWFKDUG�DVN�LQ�WKHLU�FDOO�IRU�

PXOWLSOH�&6�SUDFWLFHV��FRPSXWHU�VFLHQFH��FKDQFH�DQG�VFDQGDO��FRPPLWWHG�VXUYLYDO��FDUH�DQG

VKHOWHU��FKRFRODWH�DQG�VWUDZEHUULHV��FXVKLRQV�DQG�VXSSRUW��FROOHFWLYH�VWUDWHJLHV��FKDQFHU�VFLHQWLVW�

FRKDELWDWLRQ�DQG�VKDULQJ��FRQGLWLRQV�DQG�VWUXFWXUHV��FKRLFH�DQG�VFDQGDO��FDUHIXO�VOXJ��FROOHFWLYH

VFDQGDO��FULS�VWXGLHV��FRPSRVHG�VLOOLQHVV��FRPSXOVRU\�VOHHS��FDQFHOOHG�VWRULHV��FU\LQJ�VDERWDJH�

FDUFHUDO�VWDWHV��FXW�DQG�VFDOH��FRQVLGHUDEOH�VFDIIROGLQJ��FROODSVLQJ�VSHFLHV��FROOHFWLYH�VXIIHULQJ�

FRPSDQLRQ�VWRU\�>�@

%ULWWRQ�DQG�3ULWFKDUG�UHFRJQLVH�WKDW�FRPSXWHU�VFLHQFH�LV�D�SUDFWLFH�WKDW�FDQ�EH�TXHHUHG��WKDW�FDQ�EH

FKDOOHQJHG��DQG�WKDW�LW�GRHV�QRW�QHHG�WR�EH�LQ�WKH�VHUYLFH�RI�ZRUOG�GHVWUXFWLRQV��:LWK�WKHLU�FKDOOHQJH�WR
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&RPSXWHU�6FLHQFH��WKH\�H[SODLQ�

:KDW�ZH�DUH�PDNLQJ�VSDFH�IRU�ZLWK�RXU�&6�ILJXUH�LV�WKH�GHVWDELOL]DWLRQ�RI�ZKDW�&6�LV�GHILQHG�DQG

NQRZQ�WR�EH��&6�KDV�EHHQ�GHEDWHG�KLVWRULFDOO\�DQG�FDQ�EH�GHEDWHG�VWLOO��EXW�ZKR�JHWV�WR�GHWHUPLQH�ZKDW

FRPHV�WR�PDWWHU�LV�VWLOO�YHU\�PXFK�GHSHQGHQW�RQ�PRPHQWV�RI�WUDQVODWLRQ��PRPHQWV�LQ�ZKLFK�WKDW�ZKLFK

PLJKW�QRW�EH�UHFRJQL]HG�DV�&6�EHFRPHV�VR��,QVWHDG�RI�DVNLQJ�ZKR�JHWV�WR�KDYH�D�YRLFH��ZH�DVN��:KLFK

SUDFWLFHV�JHW�WR�SURGXFH�NQRZOHGJH">��@

7KHVH�TXHVWLRQV�DQG�WKHLU�GUHDP�RI�ÑFRPSXWHU�VFLHQFH�RWKHUZLVHÒ�PRELOLVH�GHVLUHV�IRU�DQRWKHU�&6

EH\RQG�WKH�ILHOG�RI�LQIRUPDWLFV�DQG�FRPSXWDWLRQ��>)LJ��@�5HFODLPLQJ�&6�DV�D�ILJXUH�DQG�QRW�MXVW�D�GLVFLSOLQH

UHVLVWV�LWV�QRUPDOLVDWLRQ�DQG�WXUQV�LW�LQWR�DQ�DFWLYH�SURSRVDO�ZLWK�LQGHWHUPLQDF\�DV�WKH�YDOXH�WKDW�GHILQHV

WKH�SRVVLEOH��DQG�XQNQRZLQJ�DV�D�SURFHVV�RI�VLWXDWLQJ�DQG�UHFRJQLVLQJ�RI�ZKDW�RQH�NQRZV�ZKLOH�FKRRVLQJ

WR�PRYH�DZD\�IURP�LW�DQG�WR�VWDUW�DQHZ�>��@

7KH�SRLQW�RI�QRW�NQRZLQJ�PDNHV�VSDFH�WR�DFFRXQW�IRU�NQRZOHGJHV�WKDW�KDYH�EHHQ�H[FOXGHG�E\�D

(XURFHQWULF�WUDGLWLRQ�RI�VFLHQFH�WKDW�KDV�EHHQ�GHILQHG�E\�D�FRORQLDO�PLQGVHW��,QGLJHQRXV�3URWRFROV�DQG

$UWLILFLDO�,QWHOOLJHQFH�:RUNLQJ�*URXS�RIIHUV�DQRWKHU�FKDOOHQJH�WR�FRPSXWHU�VFLHQFH�DQG�LWV�LPSRWHQW

LPDJLQDULHV��6LWXDWHG�ZLWKLQ�DQG�VSHDNLQJ�IURP�WKH�SRVLWLRQ�RI�PDQ\�GLIIHUHQW�,QGLJHQRXV�FRQFHUQV�DQG

FRPPXQLWLHV�LQ�$RWHDURD��$XVWUDOLD��1RUWK�$PHULFD�DQG�WKH�3DFLILF��WKH�JURXS�DVNV�D�VHULHV�RI�TXHVWLRQV

WKDW�VLWXDWH�,QGLJHQRXV�NQRZOHGJHV�DQG�WKHLU�FRPPXQLWLHV�DV�GLUHFWO\�HQJDJLQJ�LQ�ÑFRQFHSWXDO�DQG

SUDFWLFDO�DSSURDFKHV�WR�EXLOGLQJ�WKH�QH[W�JHQHUDWLRQ�RI�$�,��V\VWHPVÒ�>��@�7KLV�LV�D�SURMHFW�QRW�XQGHUWDNHQ

IRU�GLYHUVLW\ÒV�VDNH��EXW�UDWKHU�EHFDXVH�RI�WKH�EHOLHI�ÑWKDW�,QGLJHQRXV�HSLVWHPRORJLHV�DUH�PXFK�EHWWHU�DW

UHVSHFWIXOO\�DFFRPPRGDWLQJ�WKH�QRQ�KXPDQÒ�>��@

2QH�VXFK�HSLVWHPRORJ\�LV�/DNRWD�HWKLFDO�SURWRFROV�WKDW�ORRN�VHYHQ�JHQHUDWLRQV�DKHDG��WKXV�DOUHDG\

HVWDEOLVKLQJ�HWKLFDO�UHODWLRQV�ZLWK�WKH�IXWXUH�IURP�D�VLWXDWHG�SUHVHQW��$V�6X]DQQH�.LWH�H[SODLQV��KHU

UHVHDUFK�LQWR�/DNRWD�SURWRFROV�LV�EDVHG�LQ�WKH�RQWRORJLFDO�VWDWXV�RI�VWRQHV�IRU�WKH�/DNRWD�SHRSOH�>��@�.LWH�

KHUVHOI�D�PHPEHU�RI�/DNRWD�1DWLRQ��ZRUNV�ZLWK�/DNRWD�VWRQH�HSLVWHPRORJLHV�DV�D�IUDPHZRUN�WKDW�DOVR

GHILQHV�UHODWLRQV�ZLWK�UDZ�PDWHULDOV�XVHG�LQ�EXLOGLQJ�FRPSXWHUV�E\�DVNLQJ�DW�ZKDW�SRLQW�PDWHULDOV��REMHFWV

RU�QRQKXPDQV�DUH�JLYHQ�UHVSHFW��DQG�KRZ�HWKLFDO�UHODWLRQVKLSV�ZLWK�UDZ�PDWHULDOV�DUH�HVWDEOLVKHG�ZKHQ

EXLOGLQJ�FRPSXWHUV�RI�DOO�NLQGV��.LWH�H[SODLQV�KRZ�/DNRWD�NQRZOHGJH�LV�QRW�VWDWLF�DQG�VR�ZRUNLQJ�ZLWK�WKDW

NQRZOHGJH�LV�D�SUDFWLFH�RI�FKDQJH�DQG�LGHQWLI\LQJ�VKLIWLQJ�QHWZRUNV�RI�UHODWLRQV�WKDW�KDYH�WR�EH�DFFRXQWHG

IRU��$V�VKH�VD\V�

7KH�HIIHFWV�RXU�GHFLVLRQV�Ï�DQG�WHFKQRORJLHV�Ï�KDYH�RQ�WKH�ZRUOG�FDQ�KHOS�XV�LGHQWLI\�WKH

VWDNHKROGHUV�LQ�ZKDW�LV�EHLQJ�PDGH�DQG�KRZ�LW�LV�XVHG��6WDNHKROGHUV�LQ�,QGLJHQRXV�FRPPXQLWLHV�DUH

LGHQWLILHG�DV�RXU�H[WHQGHG�FLUFOH�RI�UHODWLRQV��ZKLOH�VWDNHKROGHUV�LQ�WHFKQRORJ\�FRPSDQLHV�DUH�LGHQWLILHG

DV�WKH�ERDUG�RI�GLUHFWRUV��VKDUHKROGHUV��HPSOR\HHV�DQG�FRQVXPHUV��,W�LV�QHFHVVDU\�WR�LGHQWLI\�KRZ�DOO

WKRVH�Ï�ERWK�KXPDQ�DQG�QRQKXPDQ�Ï�DUH�DIIHFWHG�E\�ZKDW�LV�PDGH��DQG�WR�WDNH�UHVSRQVLELOLW\�IRU�WKRVH

LW�DIIHFWV�>��@

7KLV�SRVVLELOLW\�WR�DFFRXQW�IRU�FKDQJH�E\�DFFRXQWLQJ�IRU�UHODWLRQV�ZLWK�KXPDQV�DQG�QRQKXPDQV�LV

SDUW�RI�WKH�/DNRWD�UHVSRQVLELOLW\�WKDW�PDQLIHVWV�DV�D�FRPPLWPHQW�WR�GR�WKLQJV�WKH�*RRG�:D\�>��@�3URWRFROV

RIIHU�D�VSHFLILF�JXLGH�DQG�.LWH��LQ�FROODERUDWLRQ�ZLWK�&RUH\�6WRYHU�DQG�0HOLWD�6WRYHU�-DQLV��DQG�ZLWK�QRWHV

IURP�6FRWW�%HQHVLLQDDEDQGDQ��JLYHV�DQ�H[DPSOH�RI�KRZ�WR�EXLOG�D�SK\VLFDO�FRPSXWLQJ�GHYLFH�LQ�D�/DNRWD

ZD\��%XW�VXFK�D�JXLGH�H[WHQGV�WR�DOO�HOHPHQWV�RI�WKH�$,�V\VWHP��IURP�WUDLQLQJ�VHWV�WR�LQWHUIDFHV��EHFDXVH

HWKLFDO�$,�LV�QRW�SRVVLEOH�LI�DQ\�RQH�RI�LWV�HOHPHQWV�LV�H[WUDFWHG�WKURXJK�H[SORLWDWLRQ�>��@

&6�RWKHUZLVH�DQG�,QGLJHQRXV�3URWRFROV�DUH�H[DPSOHV�RI�ZKDW�VWUXFWXUDO�WUDQVIRUPDWLRQV�DUH

LPDJLQHG�DQG�GHVLUHG��DQG�KRZ�WKH\�FDQ�EH�PDGH��7KH�WZR�DUH�HSLVWHPRORJLFDO�SUDFWLFHV�WKDW�EXLOG�RQ

KLVWRULHV�DQG�HPEHGGHG�NQRZOHGJHV�RI�SHRSOH�LQ�TXHHU�DQG�,QGLJHQRXV�FRPPXQLWLHV�LQ�DUW�DQG�VFLHQFH�

$QG�WKH\�DUH�DOVR�D�FDOO�WR�H[WHQG�WKHVH�DV�OLYLQJ�H[SHULHQFHV�WKDW�LQVSLUH�RWKHU�LPDJLQDULHV�IRU�SUDFWLFHV

DQG�NQRZOHGJHV��FUHDWLQJ�LQIUDVWUXFWXUHV�RI�FRPSXWHU�VFLHQFH�DQG�$,�WKDW�RWKHUZLVH�DUH�LQIOH[LEOH�DQG

KDUPIXO�



� 2S@FDRÜ�ÜÜÜ,@QBGÜ���� ,@FC@Ü3XYKHJ�"@QUDQ

7KH�SUDFWLFH�RI�FXUDWLQJ�GDWD�LV�DOVR�DQ�HSLVWHPRORJLFDO�SUDFWLFH�WKDW�QHHGV�LQWHUYHQWLRQV�WR�FRQVLGHU

IXWXUHV�EXW�DOVR�WR�DFFRXQW�IRU�WKH�SDVW��,Q�FXUDWLQJ�GDWD��NQRZOHGJH�UHVXOWV�IURP�HQJDJLQJ�ZLWK�GDWD��DQG
HVWDEOLVKLQJ�PDWHULDO�UHODWLRQV�ZLWK�DQG�EHWZHHQ�WKHP��'HFLVLRQV�DERXW�KRZ�WR�SURFHVV��RUJDQLVH�DQG

QDPH�GDWD�FDQ�EH�LGHQWLILHG��DQG�WKH�SUDFWLFH�LWVHOI�FDQ�EH�PDGH�DFFRXQWDEOH��:KHQ�RUJDQLVLQJ�GDWD�VXFK

DV�LPDJHV��YLGHRV�DQG�WH[WV�RQ�D�SHUVRQDO�FRPSXWHU��WKLV�VHHPV�OLNH�D�VWUDLJKWIRUZDUG�WDVN��VLQFH�RQH

VLPSO\�KDV�WR�WDNH�WKH�WLPH�DQG�HIIRUW�WR�RUJDQLVH�WKHVH�ILOHV�LQWR�GLUHFWRULHV��:KHQ�FXUDWLQJ�ELJJHU

FROOHFWLRQV�RI�GDWD�DQG�RWKHU�GLJLWDO�WKLQJV��WR�VXVWDLQ�DFFRXQWDELOLW\�EHFRPHV�D�WDVN�RI�VKDULQJ

UHVSRQVLELOLWLHV�QRW�MXVW�IRU�WKH�IXWXUH�RI�D�FROOHFWLRQ�EXW�DOVR�IRU�LWV�RULJLQV�

7KLV�FDQ�EH�GRQH�E\�DVNLQJ�ZKHUH�GR�GDWD�FRPH�IURP"�+RZ�DUH�WKH\�FRQQHFWHG�WR�WKH�FRPPXQLWLHV

WKDW�DUH�WKHLU�VRXUFH��KRZ�LV�WKH�GDWD�VHW�GDWDEDVH�FUHDWHG��ZKDW�LV�WKH�UHDVRQ�IRU�FXUDWLQJ�WKHVH�GDWD��DQG

KRZ�ZLOO�WKLV�FXUDWLQJ�WDNH�SODFH"�,W�LV�WUXH�WKDW�VLPLODU�TXHVWLRQV�FRXOG�DOVR�EH�DVNHG�RI�FRORQLDO�REMHFWV

WDNHQ�IURP�FRPPXQLWLHV�DQG�ORFDWLRQV�DQG�PRYHG�LQWR�LPSHULDO�PXVHXPV�WR�QDUUDWH�WKH�VWRU\�RI�FRORQLDO

HPSLUH��+HUH�WRR�ZH�FDQ�DVN�DERXW�WKH�FRQGLWLRQV�RI�WKLV�WDNHRYHU��DQG�KRZ�WKHVH�KLVWRULHV�DUH�SDUW�RI

GLVSOD\LQJ�REMHFWV��5HVSRQGLQJ�WR�VXFK�TXHVWLRQV�DFFRXQWV�IRU�WKH�IDFW�WKDW�GDWD��WRR��FRPH�IURP

VRPHZKHUH��DQG�WKDW�DV�ZHOO�DV�EHLQJ�SDUW�RI�D�GDWDEDVH�RU�D�VHW��GDWD�VWDUW�ZLWK�ERGLHV��KXPDQ�RU�QRW��DQG

LQGH[�UHODWLRQV�EHWZHHQ�WKHP�LQ�WKH�PRVW�DEVWUDFW�ZD\��7KH�WDVN�LQ�FXUDWLQJ�GDWD�LV�WR�UHFODLP�WKHLU

WUDFHDELOLW\��DQG�WR�DFFRXQW�IRU�WKHLU�OLQHDJH�

)LJXUH����7KH�,QWLPDWH�(DUWKTXDNH�$UFKLYH�6LVVHO�0DULH�7RQQ�������RQJRLQJ���3KRWR�E\�3HWHU�&R[�
9DQ�$EEHPXVHXP��������1/

&XUDWLQJ�GDWD�LV�D�PDWHULDO�SUDFWLFH�RI�HPEHGGLQJ�GDWD�DQG�DOVR�H[SORULQJ�KRZ�LW�FRXOG�EH�HPERGLHG�

,Q�RWKHU�ZRUGV��FXUDWLQJ�GDWD�LV�DERXW�KRZ�GDWD�EHFRPHV�SDUW�RI�WKH�ZRUOG��7KH�LQWHUDFWLYH�LQVWDOODWLRQ�7KH
,QWLPDWH�(DUWKTXDNH�$UFKLYH�������RQJRLQJ��E\�DUWLVW�6LVVHO�0DULH�7RQQ�DQG�GHYHORSHG�LQ�FROODERUDWLRQ

ZLWK�VRXQG�DUWLVW�-RQDWKDQ�5HXV�HQJDJHV�WKHVH�TXHVWLRQV�LQ�DQ�DWWHPSW�WR�XQGHUVWDQG�WKH�HIIHFWV�RI�ORQJ�

WHUP�JDV�PLQLQJ�LQ�WKH�*URQLQJHQ�DUHD�RI�+ROODQG�>)LJ��@�7KH�LQVWDOODWLRQ>��@�DQG�UHODWHG�RQJRLQJ�UHVHDUFK
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SURMHFW�LQYROYHV�GDWD�FROOHFWHG�GXULQJ�PDQ�PDGH�HDUWKTXDNHV�WKDW�KDYH�RFFXUUHG�LQ�WKH�DUHD�RYHU�WKH�ODVW

WKLUW\�IRXU�\HDUV��7KH�FRUH�VDPSOH�GDWD�LQFOXGHV�VDQG�DQG�VRLO�WHVWV�DQG�GLJLWDO�UHFRUGV�RI�VHLVPLF�DFWLYLW\

VWRUHG�E\�WKH�'XWFK�0HWHRURORJLFDO�,QVWLWXWH�

7KH�DUWLVWV�SXW�GDWD�VHWV�WRJHWKHU�ZLWK�VWRULHV�RI�KRZ�HDUWKTXDNHV�DUH�H[SHULHQFHG�E\�LQKDELWDQWV�RI

WKLV�DUHD��VRPH�RI�ZKRP�UHJXODUO\�UHSRUW�ZDNLQJ�XS�VHFRQGV�EHIRUH�WKH�HDUWKTXDNH��RU�ZKRVH�SHUVRQDO

SHUFHSWLRQV�RI�WKH�SODFH�DUH�DIIHFWHG�E\�FRQWLQXRXV�DQ[LHW\�DERXW�WKH�SRVVLELOLW\�RI�DQ�HDUWKTXDNH

RFFXUULQJ�DW�DQ\�WLPH��%\�FRQQHFWLQJ�GLJLWDO�GDWD�RI�VHLVPLF�DFWLYLWLHV�ZLWK�WKH�H[SHULHQFH�RI�WKH�VHQVLQJ

ERG\��7RQQ�DQG�5HXV�SURGXFH�D�PXOWLPHGLD�LQVWDOODWLRQ�WKDW�RIIHUV�D�YHU\�GLIIHUHQW�H[SHULHQFH�RI�WKLV�JHR�

ORFDWHG�SKHQRPHQRQ�IURP�RQH�WKDW�FRXOG�EH�H[WUDFWHG�IURP�PHWHRURORJLFDO�UHFRUGV�ZLWK�WUDGLWLRQDO�IRUPV

RI�GDWD�DQDO\WLFV�DQG�YLVXDOLVDWLRQ�>)LJ��@�

)LJXUH����7KH�,QWLPDWH�(DUWKTXDNH�$UFKLYH��6LVVHO�0DULH�7RQQ�������RQJRLQJ���3KRWR�E\�6WHOOD�'HNNHU�
*UDVQDSROVN\�)HVWLYDO��������*URQLQJHQ��1/��&RXUWHV\�RI�WKH�DUWLVW�

(DUWKTXDNH�GDWD�LV�PHGLDWHG�LQWR�VRQLF�YLEUDWLRQV�WKDW�FDQ�EH�VHQVHG�RU�IHOW�ZLWK�WKH�XVH�RI�D

ZHDUDEOH�LQWHUIDFH�Ï�D�ERG\�YHVW�ZLWK�HPEHGGHG�VXUIDFH�VNLQ�DQG�ERQH�FRQGXFWLRQ�WUDQVGXFHUV�WKDW

SURGXFH�WUHPRUV�RQ�WKH�VXUIDFH�RI�WKH�ERG\��PLUURULQJ�WKH�ZD\�WKH�VHLVPLF�ZDYHV�PRYH�DFURVV�WKH�ODQG�

'DWDVHWV�DUH�PDQLSXODWHG�LQWR�VRQLF�YLEUDWLRQV�DQG�HQFRXUDJH�GHHS�OLVWHQLQJ�ZLWK�DQG�ZLWKLQ�WKH�ERG\

ZKLOH�PRYLQJ�WKURXJK�WKH�LQVWDOODWLRQ�DUHD��$FFRUGLQJ�WR�WKH�DUWLVW��WKLV�LV�D�WHVWLQJ�JURXQG�IRU�DWWXQHPHQW

WR�IXWXUH�OLYLQJ�LQ�WKH�$QWKURSRFHQH��$V�VXFK��WKH�SURMHFW�RIIHUV�D�SUDFWLFDO�H[SORUDWLRQ�RI�WUDQVLWLRQV�WKDW

FDQ�EH�WHVWHG��DQG�ZKHUH�GLIIHUHQW�NLQGV�RI�GDWD�FDQ�SHUIRUP�WRJHWKHU�DQG�FDQ�EH�VHQVHG�

,Q�WKH�FRPSXWDWLRQDO�UHJLPH��UHVRXUFHV�VXFK�DV�PLQHUDOV�DQG�GDWD�DUH�H[WUDFWHG��ERGLHV�PRYHG�

JHRORJLFDO�SKHQRPHQD�XQGHUJRQH��VRFLDO�UHDOLWLHV�FRQVWUXFWHG��,Q�WKH�HQYLURQPHQW�VLPXODWHG�E\�7KH
,QWLPDWH�(DUWKTXDNH�$UFKLYH��QRW�RQO\�GRHV�WKH�ERG\�QRW�HQG�ZLWK�WKH�VNLQ�EXW�LW�EHFRPHV�SDUW�RI�WKH

DUFKLYH��H[WHQGLQJ�LW�DQG�WUDQVIRUPLQJ�WRZDUGV�D�SUDFWLFH�RI�VHQVLQJ��DFFHVVLQJ�DIIHFW��FRQVWUXFWLQJ

DIIHFWLYH�GDWD�ERGLHV��7KH�DUFKLYH�EHFRPHV�DQ�HQYLURQPHQW�IRU�IHHOLQJ�DQG�EHLQJ�PRYHG�E\�GDWD�WKDW
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WKHPVHOYHV�DUH�UHVLGXHV�RI�PRYHPHQWV�RI�WKH�JURXQG��+HUH��GDWD�LV�FXUDWHG�LQWR�VKLIWLQJ��YLEUDWLQJ�DQG

VRQLILHG�UHODWLRQV�WKDW�URDP�IDVWHQHG�RQWR�WKH�ERGLHV�RI�YLVLWRUV��$QG�VR�KHUH�GDWD�FDQ�EH�IHOW�QRW�DV

HPRWLRQ��EXW�DV�D�VHQVDWLRQ�LQ�WKH�ERG\��D�IHHOLQJ�RI�WKH�ERG\�EHLQJ�PRYHG��$UWZRUNÒV�VWUXFWXUH

DFFRPPRGDWHV�PRWLRQ�DV�LQIUDVWUXFWXUH�IRU�WUDQVIRUPDWLRQ�RI�GDWD�EDFN�LQWR�ZKDW�FDQ�EH�VHQVHG�DQG

ORFDWHG�LQ�WKH�ERG\��>)LJ��@

)LJXUH����7KH�,QWLPDWH�(DUWKTXDNH�$UFKLYH��6LVVHO�0DULH�7RQQ�������RQJRLQJ���3KRWR�E\�6WHOOD�'HNNHU�
*UDVQDSROVN\�)HVWLYDO��������*URQLQJHQ��1/��&RXUWHV\�RI�WKH�DUWLVW�

7KH�RYHUZKHOPLQJ�JULS�RI�FRUSRUDWLRQV�RYHU�QHWZRUNHG�LQIUDVWUXFWXUHV��GULYHQ�E\�D�GHVLUH�IRU

H[SRQHQWLDO�JURZWK��GLVUHJDUGLQJ�LQMXVWLFH�DQG�GLVWULEXWLQJ�LQHTXLW\�WKURXJK�WKH�V\VWHP�ZLWK�WKH�KHOS�RI

FRPSXWHU�VFLHQFH��GLVSOD\V�FRORQLVLQJ�ORJLF�>��@�6XFK�ORJLF�KDUPV�DOUHDG\�YXOQHUDEOH�JURXSV�

FRPPXQLWLHV�DQG�WKHLU�HQYLURQPHQWV�DQG�WKHUH�LV�DQ�XUJHQW�QHHG�WR�ORRN�IRU�RWKHU�PRGHOV�DQG�YLVLRQV�RI

OLIH�DQG�LWV�RUJDQLVDWLRQ�RQOLQH�DQG�RII��&XUDWLQJ�GDWD�DV�WKH�SURFHVV�RI�IHHOLQJ�ZLWK�GDWD�UDWKHU�WKDQ�GDWD

RSWLPLVDWLRQ�IRU�SURILW��RSHQV�QHZ�SROLWLFDO�SRVVLELOLWLHV�IRU�HQDFWLQJ�FRPPRQ�EHFRPLQJ�ZLWK�&6�DV

FRPSXWHU�VFLHQFH��FKDQFH�DQG�VFDQGDO��FRPPLWWHG�VXUYLYDO��FDUH�DQG�VKHOWHU��FKRFRODWH�DQG�VWUDZEHUULHV�

FXVKLRQV�DQG�VXSSRUW��FROOHFWLYH�VWUDWHJLHV��DQG�PDQ\�PRUH��%ULWWRQ�DQG�3ULFKDUG��%HUODQW��.LWH��,QGLJHQRXV

$,�:RUNLQJ�*URXS��DQG�7RQQ�DQG�5HXV��DPRQJ�PDQ\�RWKHUV��FKDOOHQJH�DQG�GLUHFW�XV�WRZDUGV�RXU�VHQVLQJ

LQ�FRPPRQ��&XUDWLQJ�GDWD�LV�FRPPRQ�DQG�LW�QHHGV�WR�EH�DFFRXQWHG�IRU�DV�D�PDWHULDO�SUDFWLFH�DQG

LQWHUYHQWLRQ�LQWR�FRPSXWDWLRQDO�UHDOLWLHV�WKDW�FDQ�EH�RWKHUZLVH��ZKLOH�DOVR�GHPDQGLQJ�UHVSRQVLELOLW\��IURP

RXUVHOYHV�DQG�RWKHUV�DQG�HVSHFLDOO\�&6��WR�GR�WKLQJV�WKH�JRRG�ZD\�

>�@�7KHVH�DUH�WKUHH�RI�WKH�ILYH�9V�WKDW�GHILQH�%LJ�'DWD��)RU�DQ�RYHUYLHZ�RI�WKH�IHDWXUHV�RI�%LJ�'DWD�6HH
Ñ��9ÒV�RI�%LJ�'DWDÒ��������*HHNVIRU*HHNV��EORJ������-DQXDU\�������KWWSV���ZZZ�JHHNVIRUJHHNV�RUJ���
YV�RI�ELJ�GDWD���)RU�FULWLFDO�TXHVWLRQV�VHH�GDQDK�ER\G�DQG�.DWH�&UDZIRUG��������Ñ&ULWLFDO�4XHVWLRQV�IRU
%LJ�'DWDÒ��,QIRUPDWLRQ��&RPPXQLFDWLRQ�	�6RFLHW\������������Ï���

https://www.geeksforgeeks.org/5-vs-of-big-data/
https://www.geeksforgeeks.org/5-vs-of-big-data/
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>�@�6HGD�*¾UVHV��5HEHNDK�2YHUGRUI�DQG�(UR�%DOVD��Ñ327V��3URWHFWLYH�2SWLPL]DWLRQ�7HFKQRORJLHVÒ�
3URFHHGLQJV�RI�WKH������&RQIHUHQFH�RQ�)DLUQHVV��$FFRXQWDELOLW\��DQG�7UDQVSDUHQF\�����-DQXDU\������
���Ï����KWWSV���GRL�RUJ�������������������������

>�@�0DJGDOHQD�7\"OLN�&DUYHU��Ñ&XUDWLQJ�LQ�DV�&RPPRQ�V��3RVWKXPDQ�&XUDWLQJ�DQG�&RPSXWDWLRQDO
&XOWXUHVÒ��3K'��$DUKXV��$DUKXV�8QLYHUVLW\���������0DJGDOHQD�7\"OLN�&DUYHU��Ñ3RVWKXPDQ�&XUDWLQJ
DQG�,WV�%LRSROLWLFDO�([HFXWLRQV��7KH�&DVH�RI�&XUDWLQJ�&RQWHQWÒ��LQ�([HFXWLQJ�3UDFWLFHV��HG��+HOHQ
3ULWFKDUG��(ULF�6QRGJUDVV�DQG�0DJGDOHQD�7\"OLN�&DUYHU��/RQGRQ��2SHQ�+XPDQLWLHV�3UHVV��������
���Ï���

>�@�*¾UVHV��2YHUGRUI�DQG�%DOVD��Ñ327VÒ�

>�@/DXUHQ�%HUODQW��Ñ7KH�&RPPRQV��,QIUDVWUXFWXUHV�IRU�7URXEOLQJ�7LPHVÒ��(QYLURQPHQW�DQG�3ODQQLQJ
'��6RFLHW\�DQG�6SDFH�����QR�����-XQH�������������KWWSV���GRL�RUJ���������������������������,WDOLFV�LQ
WKH�RULJLQDO�

>�@�%HUODQW��Ñ7KH�&RPPRQVÒ������

>�@�$V�,�DP�ZULWLQJ�WKLV��WKH�FRXQWLQJ�RI�EDOORWV�LQ�WKH�86������SUHVLGHQWLDO�HOHFWLRQ�LV�VWLOO�JRLQJ�RQ�
DQG�WKHUH�DUH�DOUHDG\�FDOOV�WR�VWRS�FRXQWLQJ�LQ�VRPH�RI�WKH�VWDWHV�

>�@�%HUODQW��Ñ7KH�&RPPRQVÒ������

>�@�/RUHQ�%ULWWRQ�DQG�+HOHQ�3ULWFKDUG��Ñ)RU�&6Ò��,;�,QWHUDFWLRQV��EORJ���-XO\������
KWWSV���LQWHUDFWLRQV�DFP�RUJ�EORJ�YLHZ�IRU�FV�

>��@�%ULWWRQ�DQG�3ULWFKDUG��Ñ)RU�&6Ò�

>��@�,ELG�

>��@�,1',*(1286�$,Ò��,1',*(1286�$,��EORJ���KWWS���ZZZ�LQGLJHQRXV�DL�QHW���DFFHVVHG���
)HEUXDU\��������-DVRQ�(GZDUG�/HZLV�HW�DO���Ñ0DNLQJ�.LQ�ZLWK�WKH�0DFKLQHVÒ�����-XO\������
KWWSV���GRL�RUJ����������EIDIG��E�

>��@�/HZLV�HW�DO���Ñ0DNLQJ�.LQ�ZLWK�WKH�0DFKLQHVÒ�

>��@�6X]DQQH�.LWH��Ñ+RZ�WR�%XLOG�$Q\WKLQJ�(WKLFDOO\Ò��LQ�,QGLJHQRXV�3URWRFRO�DQG�$UWLILFLDO
,QWHOOLJHQFH�3RVLWLRQ�3DSHU�+RQROXOX��7KH�,QLWLDWLYH�IRU�,QGLJHQRXV�)XWXUHV�DQG�WKH�&DQDGLDQ
,QVWLWXWH�IRU�$GYDQFHG�5HVHDUFK�����������Ï���

>��@�,ELG������

>��@�,ELG�

>��@�,ELG�

>��@�7KH�LQVWDOODWLRQ�UHFHLYHG�DQ�KRQRUDU\�PHQWLRQ�DW�$UV�(OHFWURQLFD�LQ������

>��@�6RPH�RI�WKH�UHFHQW�VFKRODUO\�ZRUN�RQ�WKHVH�PDWWHUV�LQFOXGH�6LPRQH�%URZQH��'DUN�0DWWHUV��2Q
WKH�6XUYHLOODQFH�RI�%ODFNQHVV��'XUKDP��'XNH�8QLYHUVLW\�3UHVV�%RRNV���������6DIL\D�1REOH�
$OJRULWKPV�RI�2SSUHVVLRQ��+RZ�6HDUFK�(QJLQHV�5HLQIRUFH�5DFLVP��1HZ�<RUN��1<8�3UHVV���������0«O
+RJDQ��Ñ%LJ�'DWD�(FRORJLHVÒ��LQ�(SKHPHUD��7KHRU\�	�3ROLWLFV�LQ�2UJDQL]DWLRQ���������/DQGVFDSHV�RI
SROLWLFDO�DFWLRQ��$XJXVW��������SS�����Ï����$ULHOOD�$±VKD�$]RXOD\��3RWHQWLDO�+LVWRU\��8QOHDUQLQJ
,PSHULDOLVP��/RQGRQ��9HUVR���������5XKD�%HQMDPLQ��5DFH�DIWHU�7HFKQRORJ\��$EROLWLRQLVW�7RROV�IRU�WKH
1HZ�-LP�&RGH��0HGIRUG��0$��3ROLW\���������&DWKHULQH�'Ò,JQD]LR�DQG�/DXUHQ�)��.OHLQ��'DWD�)HPLQLVP�
,GHDV�6HULHV��&DPEULGJH��0DVV���7KH�0,7�3UHVV��������

0DJGD�7\]OLN�&DUYHU

0DJGD�7\	����OLN�&DUYHU�LV�$VVLVWDQW�3URIHVVRU�LQ�WKH�'HSDUWPHQW�RI�'LJLWDO�'HVLJQ�DQG�,QIRUPDWLRQ

6WXGLHV�DW�WKH�6FKRRO�RI�&RPPXQLFDWLRQ�DQG�&XOWXUH�DW�$DUKXV�8QLYHUVLW\��6KH�LV�DOVR�DQ�LQGHSHQGHQW

FXUDWRU��+HU�UHFHQWO\�FXUDWHG�H[KLELWLRQV�DQG�HYHQWV�LQFOXGH�6FUHHQ6KRWV��'HVLUH�DQG�$XWRPDWHG�,PDJH

��������0RYHPHQW�&RGH�1RWDWLRQ���������&RUUXSWLQJ�'DWD���������*KRVW�)DFWRU\��SHUIRUPDWLYH�H[KLELWLRQ

ZLWK�KXPDQV�DQG�PDFKLQHV��������DQG�&RPPRQ�3UDFWLFH���������������6KH�LV�FR�HGLWRU��ZLWK�+HOHQ

3ULWFKDUG�DQG�(ULF�6QRGJUDVV��RI�([HFXWLQJ�3UDFWLFHV��������D�FROOHFWLRQ�RI�HVVD\V�E\�DUWLVWV��SURJUDPPHUV

DQG�WKHRULVWV�HQJDJLQJ�LQ�D�FULWLFDO�LQWHUYHQWLRQ�LQWR�WKH�EURDG�FRQFHSW�RI�H[HFXWLRQ�LQ�VRIWZDUH��6KH�LV�D

https://doi.org/10.1145/3351095.3372853
https://doi.org/10.1177/0263775816645989
https://interactions.acm.org/blog/view/for-cs
http://www.indigenous-ai.net/
https://doi.org/10.21428/bfafd97b
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PHPEHU�RI�&ULWLFDO�6RIWZDUH�7KLQJ�JURXS�DQG�RI�WKH�HGLWRULDO�ERDUG�IRU�'DWD�%URZVHU�VHULHV��6KH�LV�DOVR

$VVRFLDWH�5HVHDUFKHU�ZLWK�&HQWUH�IRU�WKH�6WXG\�RI�WKH�1HWZRUNHG�,PDJH�DW�WKH�/RQGRQ�6RXWK�%DQN

8QLYHUVLW\�



-RDVLD�.U\VD�DQG�/HRQDUGR�,PSHWW

3GDÜ-DWSÜ!HDMMH@K
2GNTKCÜADÜ"TQ@SDC
AXÜ@Ü,@BGHMDÜ�Ü 

1DRD@QBG
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7KH�1H[W�%LHQQLDO�6KRXOG�EH�&XUDWHG�E\�D�0DFKLQH�LV�D�UHVHDUFK�SURSRVLWLRQ���DQ�LQTXLU\�LQWR�WKH
UHODWLRQVKLS�EHWZHHQ�FXUDWLQJ�DQG�$UWLILFLDO�,QWHOOLJHQFH��$,���DQG�WKH�SRVVLELOLW\�RI�GHYHORSLQJ�DQ

H[SHULPHQWDO�V\VWHP>�@�FDSDEOH�RI�FXUDWLQJ��EDVHG�RQ�KXPDQ�PDFKLQH�OHDUQLQJ�SULQFLSOHV�>�@

0DNLQJ�UHIHUHQFH�WR�WKH�H�IOX[������SURMHFW�Ñ7KH�1H[W�'RFXPHQWD�6KRXOG�%H�&XUDWHG�E\�DQ�$UWLVWÒ>�@

ZKLFK�TXHVWLRQHG�WKH�VWUXFWXUHV�RI�WKH�DUW�ZRUOG�DQG�WKH�SRVLWLRQ�RI�FXUDWRUV�ZLWKLQ��WKLV�SURMHFW�H[WHQGV

WKH�TXHVWLRQ�WR�PDFKLQHV�>�@�,W�DVNV�KRZ�WKH�FRXQWHUSRLQW�RI�DXWRPDWD�PLJKW�RIIHU�DOLHQ�SHUVSHFWLYHV�RQ

FRQYHQWLRQDO�FXUDWRULDO�SUDFWLFHV�DQG�FXUDWRULDO�NQRZOHGJH"�:KDW�ZRXOG�WKH�QH[W�%LHQQLDO�EH�OLNH�LI

PDFKLQHV�LQWHUYHQHG�LQ�WKH�FXUDWRULDO�SURFHVV��DQG�KHOSHG�WR�PDNH�VHQVH�RI�YDVW�DPRXQWV�RI�DUW�ZRUOG�GDWD

WKDW�IDU�H[FHHGV�WKH�SURGXFWLYH�FDSDFLW\�RI�WKH�KXPDQ�FXUDWRU�DORQH"

7KH�SURMHFW�WDNHV�WKH�IRUP�RI�D�VHULHV�RI�UHVHDUFK�DQG�DUWLVWLF�H[SHULPHQWV�WKDW�H[SORUH�WKH�DSSOLFDWLRQ

RI�PDFKLQH�OHDUQLQJ�DOJRULWKPV��D�VXEVHW�RI�$,��WR�FXUDWLRQ�RI�ODUJH�VFDOH�SHULRGLF�FRQWHPSRUDU\�DUW

H[KLELWLRQV��VXFK�DV�ELHQQLDOV��WR�UHLPDJLQH�FXUDWLQJ�DV�D�VHOI�OHDUQLQJ�KXPDQ�PDFKLQH�V\VWHP��>�@

8QGHU�WKLV�RYHUDUFKLQJ�FRQFHSW��WZR�SDUDOOHO�H[SHULPHQWV�DUH�GHYHORSHG�LQ�WKH�IUDPHZRUN�RI

/LYHUSRRO�%LHQQLDO��%u�16&$0��DQG�$,�71%�

%u�16&$0��LV�GHYHORSHG�DV�D�FROODERUDWLRQ�ZLWK�DUWLVWV�8EHUPRUJHQ��FR�FRPPLVVLRQHG�ZLWK�7KH

:KLWQH\�0XVHXP�RI�$PHULFDQ�$UW�IRU�LWV�RQOLQH�SODWIRUP�DUWSRUW��FXUDWHG�E\�&KULVWLDQH�3DXO��>�@�,W�XVHV

DUFKLYDO�WH[W�PDWHULDO�DQG�GDWDVHWV�IURP�ERWK�FRPPLVVLRQLQJ�LQVWLWXWLRQV�DQG�SURFHVVHV�WKHP�WKURXJK�D

JURXS�RI�PDFKLQH�OHDUQLQJ�DOJRULWKPV��FROOHFWLYHO\�QDPHG�%u�16&$0���>)LJ���@�3URFHVVLQJ�GDWDVHWV

�LQFOXGLQJ�FXUDWRULDO�WH[WV��OLQJXLVWLFDOO\�DQG�VHPLRWLFDOO\��WKH�$,�V\VWHP�ÑOHDUQVÒ�WKHLU�VW\OH�DQG�FRQWHQW�

EUHDNLQJ�DQG�PL[LQJ�WKHP�WRJHWKHU��7KH�JHQHUDWHG�WH[WV�DUH�WKHQ�SUHVHQWHG�WR�WKH�XVHU��ZLWK�D�GHJUHH�RI

LQWHUDFWLYLW\�DQG�ÑEUDQFKLQJÒ��LWHUDWLYHO\�UHZULWLQJ�VPDOO�SDUWV�RI�LWV�RZQ�WH[W�DW�UDQGRP�

$�SDUDOOHO�H[SHULPHQW��$,�71%�LV�UHVHDUFK�H[SHULPHQW�FRPPLVVLRQHG�DV�SDUW�RI�8.5,�$+5&�6WUDWHJLF

)XQG��7RZDUGV�D�1DWLRQDO�&ROOHFWLRQ�WR�H[SORUH�PDFKLQH�FXUDWLRQ�DQG�YLVLWRU�LQWHUDFWLRQ��WDNLQJ�/LYHUSRRO

%LHQQLDO������DV�D�FDVH�VWXG\�>�@�>)LJ��@�,Q�WKLV�H[SHULPHQW��WKH�ELHQQLDO�H[KLELWLRQ�FXUDWHG�E\�0DQXHOD

0RVFRVR�DQG�WDNLQJ�SODFH�DFURVV�PXOWLSOH�YHQXHV�LQ�/LYHUSRRO�RYHU�WKH�FRXUVH�RI�IHZ�PRQWKV��LV

LQWHUSUHWHG�DV�D�SDUDOOHO�PDFKLQH�FXUDWHG�RQOLQH�YHUVLRQ�>�@�7KH�UHVXOWLQJ�ÑFXUDWRULDO�$,�V\VWHPÒ�LV�DQ

H[FHUFLVH�LQ�LQWHUDFWLRQ�WKURXJK�ODUJH�GDWDVHWV��XVLQJ�FRPSXWHU�YLVLRQ�DQG�QDWXUDO�ODQJXDJH�SURFHVVLQJ

WHFKQLTXHV�ZLWK�D�IRFXV�RQ�KXPDQ�PDFKLQH�FR�DXWKRUVKLS�>�@�>)LJ���������@
2XU�UHODWLRQVKLS�WR�FRPSXWHUV�LV�UDSLGO\�FKDQJLQJ�DQG�VR�DUH�GHYHORSPHQWV�LQ�DXWRPDWLRQ��$,���DQG

VR�LV�RXU�XQGHUVWDQGLQJ�RI�FUHDWLYH�SUDFWLFHV��LQFOXGLQJ�FXUDWRULDO�SUDFWLFHV��7KH�RYHUDOO�SURMHFW�WDNHV

PDFKLQH�OHDUQLQJ�DOJRULWKPV�EH\RQG�WKH�ÑVHDUFK�HQJLQHÒ�SDUDGLJP�LQ�ZKLFK�WKH\�KDYH�EHHQ�PRVWO\�XVHG�WR

GDWH��DQG�LQVWHDG�FRQVLGHUV�WKHP�WR�EH�FXUDWRULDO�DJHQWV��ZRUNLQJ�DORQJVLGH�KXPDQ�FXUDWRUV�>������@�7KHUH

DUH�D�QXPEHU�RI�LVVXHV�DULVLQJ�IURP�WKLV��VXFK�DV�WKH�GHJUHH�WR�ZKLFK�FUHDWLYLW\�LV�FRPSURPLVHG�E\�WKH

ÑLQWHOOLJHQWÒ�PDFKLQHV�ZH�XVH��DV�ZHOO�DV�KRZ�ELDVHV�EHFRPH�UHLQIRUFHG�>��@�$OJRULWKPV�DUH�ELDVHG

EHFDXVH�FHUWDLQ�HOHPHQWV�RI�D�GDWDVHW�DUH�PRUH�KHDYLO\�ZHLJKWHG��DQG�RQFH�D�V\VWHP�LV�WUDLQHG�RQ�WKLV

GDWD��IXUWKHU�HUURUV�IROORZ�WKDW�EURDGO\�UHIOHFW�LQKHUHQW�KXPDQ�ELDVHV�LQ�VRFLHW\��&DQ�VRPHWKLQJ�VLPLODU�EH

VDLG�RI�WKH�DUW�ZRUOG��ZKHUH�RQH�PLJKW�LPDJLQH�WKHUH�WR�EH�D�VKDUHG�ÑGDWDVHWÒ�RI�DUWLVWV�DQG�FXUDWRUV�WKDW

UHIOHFW�ELDVHV�LQKHUHQW�WR�WKH�DUW�ZRUOG"�,I�WKLV�VHHPV�IDU�WRR�VLPSOLVWLF��LW�EHFRPHV�PRUH�LQWHUHVWLQJ�RQFH

WKHVH�WZR�RSHUDWLQJ�V\VWHPV�DUH�FRUUHODWHG��DQG�ZKHQ�WKH\�EHFRPH�HQWDQJOHG��DQG�WR�VSHFXODWH�RQ�ZKDW

HDFK�PLJKW�OHDUQ�IURP�WKH�RWKHU��,W�LV�QRW�MXVW�D�FDVH�RI�LGHQWLI\LQJ�FRQFHUQV�Ï�VXFK�DV�DURXQG�LQFOXVLRQ�RI

PDUJLQDOLVHG�FRPPXQLWLHV�RU�ZRUULHV�DERXW�WKH�IRUPV�RI�FUHDWLYLW\�SURGXFHG�WKURXJK�$,�Ï�EXW�DOVR�DQ

RSSRUWXQLW\�WR�WKLQN�DERXW�WKH�WUDQVIRUPDWLRQ�RI�KXPDQ�PDFKLQH�UHODWLRQV�DQG�FXUDWRULDO�SUDFWLFHV�

,Q�XQGHUWDNLQJ�WKHVH�YDULRXV�H[SHULPHQWV��WKH�LQWHQWLRQ�LV�WR�H[SORUH�WKH�DSSOLFDWLRQ�RI�PDFKLQH

OHDUQLQJ�DOJRULWKPV�WR�HQYLVDJH�DOWHUQDWLYH�IRUPV�RI�H[KLELWLRQ�PDNLQJ�DQG�FXUDWRULDO�DJHQF\�WKDW

GLVVROYHV�KDUG�GLVWLQFWLRQV�EHWZHHQ�KXPDQV�DQG�PDFKLQHV��:KHQ�WKH�SURMHFWV�DVNV�ZKHWKHU�WKH�QH[W
ELHQQLDO�VKRXOG�EH�FXUDWHG�E\�D�PDFKLQH��LW�SRVLWV�IXUWKHU�TXHVWLRQV�DERXW�HPHUJHQW�IRUPV�RI�FUHDWLYLW\�DQG

WKH�ODUJHU�LQIUDVWUXFWXUHV�ZLWKLQ�ZKLFK�LW�RSHUDWHV��:KDW�DOWHUQDWLYH�SUDFWLFHV�PLJKW�HPHUJH�IURP�WKHVH

https://en.wikipedia.org/wiki/Experimental_system
https://whitney.org/exhibitions/the-next-biennial
https://whitney.org/artport
http://ai.biennial.com
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HQWDQJOHPHQWV��DQG�ZKDW�QHZ�SHUVSHFWLYHV�RQ�FRQYHQWLRQDO�FXUDWRULDO�SUDFWLFHV�DQG�FXUDWRULDO�NQRZOHGJH

PLJKW�EH�JHQHUDWHG"
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)LJXUH����&XUDWRULDO�VNHWFK�IRU�/LYHUSRRO�%LHQQLDO�������E\�LWV�FXUDWRU�0DQXHOD�0RVFRVR��������
&RXUWHV\�RI�0DQXHOD�0RVFRVR�DQG�/LYHUSRRO�%LHQQLDO�

)LJXUH����/HIW���3ODQ�IRU�UHSUHVHQWLQJ�/%�����WKHPHV�DW�WKH�QHXUDO�DUFKLWHFWXUDO�OHYHO��/HRQDUGR
,PSHWW��GUDZLQJ���������

)LJXUH����0LGGOH���'LDJUDP�IRU�JOLWFKLQJ�GHFLVLRQ�WUHHV�RI�SDUDOOHO�WH[W�K\SRWKHVHV��/HRQDUGR�,PSHWW�
GUDZLQJ��������

)LJXUH����5LJKW���6NHWFK�RI�WKH�ZLGWK�RI�SUREDELOLWLHV��SUREDELOLW\�GLVWULEXWLRQV�H[SDQGLQJ�DQG
FROODSVLQJ��XQGHU�PDFKLQH�DQG�XVHU�LQSXW��/HRQDUGR�,PSHWW��GUDZLQJ��������
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)LJXUH����6NHWFK�IRU�SODQQLQJ�PXOWL�PRGHO�ELIXUFDWLRQV��/HRQDUGR�,PSHWW��GUDZLQJ��������

>�@�)RU�D�GHILQLWLRQ�RI�H[SHULPHQWDO�V\VWHP�VHH��KWWSV���HQ�ZLNLSHGLD�RUJ�ZLNL�([SHULPHQWDOBV\VWHP�

>�@�7KH�1H[W�%LHQQLDO�6KRXOG�EH�&XUDWHG�E\�$�0DFKLQH�LV�D�UHVHDUFK�SURSRVLWLRQ�DQG�DQ
XPEUHOOD�FRQFHSW�WKDW�JDWKHUV�YDULRXV�H[SHULPHQWV�H[SORULQJ�WKH�DSSOLFDWLRQ�RI�PDFKLQH�OHDUQLQJ
WHFKQLTXHV�WR�FXUDWLQJ��WLWOH�DQG�FXUDWRULDO�FRQFHSW�E\�-RDVLD�.U\VD��WHFKQLFDO�FRQFHSWXDOLVDWLRQ�DQG
GHYHORSPHQW�E\�/HRQDUGR�,PSHWW��ILUVW�H[SHULPHQW�%u�716&$0��GHYHORSHG�DV�D�FROODERUDWLRQ�ZLWK
DUWLVWV�8EHUPRUJHQ��FR�FRPPLVVLRQHG�ZLWK�WKH�:KLWQH\�0XVHXP�RI�$PHULFDQ�$UW�IRU�LWV�RQOLQH
SODWIRUP�DUWSRUW��FXUDWHG�E\�&KULVWLDQH�3DXO��)XUWKHU�UHVHDUFK�IXQGHG�DV�SDUW�RI�8.5,�$+5&�6WUDWHJLF
3ULRULWLHV�)XQG��7RZDUGV�1DWLRQDO�&ROOHFWLRQ�DW��DL�ELHQQLDO�FRP��7KLV�WH[W�GUDZV�XSRQ�RXU�LQLWLDO
FDOO�UHOHDVHG�RQ�HIOX[���������KWWSV���ZZZ�H�IOX[�FRP�DQQRXQFHPHQWV��������WKH�QH[W�ELHQQLDO�
VKRXOG�EH�FXUDWHG�E\�D�PDFKLQH��

>�@�H�IOX[��Ñ7KH�1H[W�'RFXPHQWD�6KRXOG�EH�&XUDWHG�E\�DQ�$UWLVWÒ�
������KWWSV���ZZZ�HIOX[�FRP�DQQRXQFHPHQWV�������WKH�QH[�
�GRFXPHQWD�VKRXOG�EH�FXUDWHG�E\�DQ�DUWLVW��

>�@�.U\VD��-RDVLD��Ñ&DQ�0DFKLQHV�&XUDWH"Ò��NH\QRWH�OHFWXUH�DW�WKH��WK�1DWLRQDO�6\PSRVLXP�RI�WKH
%UD]LOLDQ�$VVRFLDWLRQ�RI�&\EHUFXOWXUH�5HVHDUFKHUV�$%&LEHU�������SXEOLVKHG�LQ�'LJLWDO�$UW��IUDFWXUHV�
SUROLIHUDWLYH�SUHVHUYDWLRQ�DQG�DIIHFWLYH�GLPHQVLRQ��HGLWHG�E\�<DUD�*XDVTXH��SS���������&ROH©¥R�)DVW
)RUZDUG���8)*�0HGLD�/DE��������$OVR�VHH�P\�HDUOLHU�RQOLQH�SURMHFW�.XUDWRU���������SUHVHQWHG�DW�7DWH
0RGHUQ�DQG�SXEOLVKHG�LQ�&XUDWLQJ�,PPDWHULDOLW\��������DQG�DV�D�FKDSWHU�HQWLWOHG�
.XUDWRU���D�SURSRVDO
IRU�DQ�H[SHULPHQWDO��SHUPXWDWLRQDO�VRIWZDUH�DSSOLFDWLRQ�FDSDEOH�RI�FXUDWLQJ�H[KLELWLRQV
�LQ�1HWZRUNV
�HG��/DUV�%DQJ�/DUVHQ���'RFXPHQWV�RI�&RQWHPSRUDU\�$UW��:KLWHFKDSHO�*DOOHU\�DQG�0,7�3UHVV��������

>�@�0DFKLQH�OHDUQLQJ�LV�GHILQHG�DV�WKH�VWXG\�RI�FRPSXWHU�DOJRULWKPV�WKDW�LPSURYH�DXWRPDWLFDOO\
WKURXJK�H[SHULHQFH��DV�D�VXE�SDUW�RI�DUWLILFLDO�LQWHOOLJHQFH��6HH�*ORVVDU\�LQ�WKLV�YROXPH�IRU�PRUH
GHWDLO�

>�@�%u�16&$0��LV�SUHVHQWHG�DW�7KH�:KLWQH\�0XVHXP�RI�$PHULFD�$UWÒV�RQOLQH�SODWIRUP�DUWSRUW�
FXUDWHG�E\�&KULVWLDQH�3DXO��6HH�RXU�FDOO�IRU�GDWDVHWV�UHOHDVHG�RQ�HIOX[���������KWWSV���ZZZ�H�
IOX[�FRP�DQQRXQFHPHQWV��������WKH�QH[W�ELHQQLDO��VKRXOG�EH�FXUDWHG�E\�D�PDFKLQH��

https://en.wikipedia.org/wiki/Experimental_system
https://whitney.org/artport
https://bl.ocks.org/leoimpett/raw/1394d26edf1a5f6a32d2a0649865f003/
https://www.e-flux.com/announcements/42825/the-next-documenta-should-be-curated-by-an-artist/
https://www.e-flux.com/announcements/42825/the-next-documenta-should-be-curated-by-an-artist/
https://www.academia.edu/30945321/Can_Machines_Curate
https://files.cercomp.ufg.br/weby/up/679/o/Livro_versao_Internet_final_17_09_.pdf?1442757765
https://files.cercomp.ufg.br/weby/up/679/o/Livro_versao_Internet_final_17_09_.pdf?1442757765
http://www.data-browser.net/db03.html
https://www.academia.edu/30945605/Kurator_a_proposal_for_an_experimental_permutational_software_application_capable_of_curating_exhibitions
https://www.academia.edu/30945605/Kurator_a_proposal_for_an_experimental_permutational_software_application_capable_of_curating_exhibitions
https://en.wikipedia.org/wiki/Algorithm
https://en.wikipedia.org/wiki/Artificial_intelligence
https://whitney.org/exhibitions/the-next-biennial
https://whitney.org/artport/
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>�@��WK�(GLWLRQ�RI�/LYHUSRRO�%LHQQLDO��������HQWLWOHG�7KH�6WRPDFK�DQG�WKH�3RUW�LV�FXUDWHG�E\�0DQXHOD
0RVFRVR��DFURVV�PXOWLSOH�YHQXHV�LQ�/LYHUSRRO��ODXQFKHG����0DUFK
������KWWSV���ZZZ�ELHQQLDO�FRP�����

>�@�$,�71%�LV�GHYHORSHG�DV�IXQGHG�UHVHDUFK�
0DFKLQH�,QWHUDFWLRQ�DQG�9LVLWRU�,QWHUDFWLRQ�LQ�9LUWXDO
/LYHUSRRO�%LHQQLDO�����
��SDUW�RI�8.5,�$+5&�6WUDWHJLF�3ULRULWLHV�)XQG��7RZDUGV�1DWLRQDO�&ROOHFWLRQ��
2SHQLQJ�8.�+HULWDJH�WR�WKH�:RUOG���SURMHFW�SDUWQHUV�'XUKDP�8QLYHUVLW\��/HRQDUGR�,PSHWW��SURMHFW
3,���/LYHUSRRO�-RKQ�0RRUHV�8QLYHUVLW\��-RDVLD�.U\VD���IRUWKFRPLQJ�DW��DL�ELHQQLDO�FRP��

>�@�,PSHWW��/HRQDUGR���+HUPDQ��,���:ROOQHU��3��.���	�%ODFNZHOO��$�)����0XVLFLDQ�)DQWDVLHV�RI�'LDOHFWLFDO
,QWHUDFWLRQ��0L[HG�,QLWLDWLYH�,QWHUDFWLRQ�DQG�WKH�2SHQ�:RUN����LQ�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�+XPDQ�
&RPSXWHU�,QWHUDFWLRQ��6SULQJHU��&KDP���������SS����������

>��@�&UDZIRUG��.DWH�DQG�9ODGHQ�-ROHU��$QDWRP\�RI�DQ�$,�6\VWHP��7KH�$PD]RQ�(FKR�DV�DQ�$QDWRPLFDO
0DS�RI�+XPDQ�/DERU��'DWD�DQG�3ODQHWDU\�5HVRXUFHV��$,�1RZ�,QVWLWXWH�DQG�6KDUH�/DE��������
KWWSV���DQDWRP\RI�DL��

>��@�,PSHWW��/HRQDUGR��Ô,UUHVROYDEOH�FRQWUDGLFWLRQV�LQ�DOJRULWKPLF�WKRXJKWÕ��SXEOLVKHG�LQ�WKLV�YROXPH
�6WDJHV����������KWWSV���ZZZ�ELHQQLDO�FRP�MRXUQDO�

>��@�1REOH��6DIL\D�8PRMD��$OJRULWKPV�RI�2SSUHVVLRQ��+RZ�6HDUFK�(QJLQHV�5HLQIRUFH�5DFLVP��1HZ
<RUN�8QLYHUVLW\�3UHVV���������

-RDVLD�.U\VD�DQG�/HRQDUGR�,PSHWW

-RDVLD�.U\VD�LV�D�FXUDWRU�ZRUNLQJ�DW�WKH�LQWHUVHFWLRQ�RI�DUW�DQG�WHFKQRORJ\��+HU�ILUVW�FXUDWRULDO�VRIWZDUH

H[SHULPHQW�ZDV�ODXQFKHG�DW�7DWH�0RGHUQ�LQ������DQG�SXEOLVKHG�LQ�&XUDWLQJ�,PPDWHULDOLW\���������6KH�LV

3URIHVVRU�RI�([KLELWLRQ�5HVHDUFK�DQG�+HDG�RI�$UW�DQG�'HVLJQ�DW�/LYHUSRRO�-RKQ�0RRUHV�8QLYHUVLW\��ZLWK�DQ

DGMXQFW�SRVLWLRQ�DW�/LYHUSRRO�%LHQQLDO��)RUPHUO\��VKH�VHUYHG�DV�$UWLVWLF�'LUHFWRU�RI�.XQVWKDO�$DUKXV�

'HQPDUN��SDUW�RI�WKH�FXUDWRULDO�WHDP�IRU�'RFXPHQWD�����DQG�FR�FXUDWRU�RI�/LYHUSRRO�%LHQQLDO�����

DQG�6DSSRUR�,QWHUQDWLRQDO�$UW�7ULHQQDOH��6,$)�����������6KH�LV�LQWHUQDWLRQDO�DGYLVRU�IRU�+HOVLQNL�%LHQQLDO

�����

/HRQDUGR�,PSHWW�LV�$VVLVWDQW�3URIHVVRU�RI�&RPSXWHU�6FLHQFH�DW�'XUKDP�8QLYHUVLW\��+H�ZRUNV�LQ�WKH�GLJLWDO

KXPDQLWLHV��DW�WKH�LQWHUVHFWLRQ�RI�FRPSXWHU�YLVLRQ�DQG�DUW�KLVWRU\��+H�ZDV�SUHYLRXVO\�6FLHQWLVW�DW�WKH

%LEOLRWKHFD�+HUW]LDQD�Ï�0D[�3ODQFN�,QVWLWXWH�IRU�$UW�+LVWRU\��'LJLWDO�+XPDQLWLHV�)HOORZ�DW�9LOOD�,�7DWWL���WKH

+DUYDUG�8QLYHUVLW\�&HQWHU�IRU�,WDOLDQ�5HQDLVVDQFH�6WXGLHV��+H�LV�DQ�$VVRFLDWH�RI�&DPEULGJH�8QLYHUVLW\

'LJLWDO�+XPDQLWLHV��DQ�$VVRFLDWH�)HOORZ�RI�WKH�=XULFK�&HQWHU�IRU�'LJLWDO�9LVXDO�6WXGLHV��DQG�DQ�$VVRFLDWH

5HVHDUFK�DW�WKH�2USKHXV�,QVWLWXWH�IRU�$UWLVWLF�5HVHDUFK�LQ�0XVLF�

https://www.liverpoolbiennial2021.com
https://www.biennial.com/2021
https://bl.ocks.org/leoimpett/raw/1394d26edf1a5f6a32d2a0649865f003/
https://anatomyof.ai/
https://www.biennial.com/journal/
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7KLV�JORVVDU\�LV�GHULYHG�IURP�:LQQLH�6RRQ�DQG�*HRII�&R[
V�$HVWKHWLF�3URJUDPPLQJ��$�+DQGERRN�RI

6RIWZDUH�6WXGLHV��/RQGRQ��2SHQ�+XPDQLWLHV�3UHVV���������DQG�SXEOLVKHG�ZLWK�NLQG�SHUPLVVLRQ�RI�WKH

DXWKRUV��WR�SURYLGH�D�VKDUHG�YRFDEXODU\�IRU�WKLV�YROXPH�

$UWLILFLDO�,QWHOOLJHQFH��$,�

$,�UHVHDUFK�LV�IRFXVHG�RQ�GHYHORSLQJ�FRPSXWDWLRQDO�V\VWHPV�WKDW�FDQ�SHUIRUP�WDVNV�DQG�DFWLYLWLHV

QRUPDOO\�FRQVLGHUHG�WR�UHTXLUH�KXPDQ�LQWHOOLJHQFH��7KH�WHUP�Ñ$,Ò�LV�RIWHQ�XVHG�LQWHUFKDQJHDEO\�ZLWK

ÑPDFKLQH�OHDUQLQJÒ�DQG�ÑGHHS�OHDUQLQJÒ��EXW�WKHUH�DUH�NH\�GLVWLQFWLRQV�WR�EH�PDGH��7R�H[SODLQ��Ñ<RX�FDQ

WKLQN�RI�GHHS�OHDUQLQJ��PDFKLQH�OHDUQLQJ�DQG�DUWLILFLDO�LQWHOOLJHQFH�DV�D�VHW�RI�5XVVLDQ�GROOV�QHVWHG�ZLWKLQ

HDFK�RWKHU��EHJLQQLQJ�ZLWK�WKH�VPDOOHVW�DQG�ZRUNLQJ�RXW��'HHS�OHDUQLQJ�LV�D�VXEVHW�RI�PDFKLQH�OHDUQLQJ�

DQG�PDFKLQH�OHDUQLQJ�LV�D�VXEVHW�RI�$,��ZKLFK�LV�DQ�XPEUHOOD�WHUP�IRU�DQ\�FRPSXWHU�SURJUDP�WKDW�GRHV

VRPHWKLQJ�VPDUW��,Q�RWKHU�ZRUGV��DOO�PDFKLQH�OHDUQLQJ�LV�$,��EXW�QRW�DOO�$,�LV�PDFKLQH�OHDUQLQJ��DQG�VR

IRUWK�Ò��KWWSV���SDWKPLQG�FRP�ZLNL�DL�YV��)RU�D�PRUH�FULWLFDO�H[SODQDWLRQ��VHH�WKH�HVVD\�DQG�GLDJUDP�E\�.DWH

&UDZIRUG�DQG�9ODGDQ�-ROHU��LQ�Ñ$QDWRP\�RI�DQ�$,�6\VWHP��7KH�$PD]RQ�(FKR�DV�DQ�DQDWRPLFDO�PDS�RI

KXPDQ�ODERU��GDWD�DQG�SODQHWDU\�UHVRXUFHVÒ���������KWWSV���DQDWRP\RI�DL���)RU�D�GHFRORQLRQDO�SHUVSHFWLYH

RQ�$,��VHH�6KDNLU�0RKDPHG��0DULH�7KHUHVH�3QJ��:LOOLDP�,VDDF��Ñ'HFRORQLDO�$,��'HFRORQLDO�7KHRU\�DV

6RFLRWHFKQLFDO�)RUHVLJKW�LQ�$UWLILFLDO�,QWHOOLJHQFHÒ��3KLORVRSK\�	�7HFKQRORJ\��6SULQJHU��-XO\�����������
'DWDVHW

$�GDWDVHW��RU�GDWD�VHW��LV�D�FROOHFWLRQ�RI�IDFWV��,Q�WKH�FDVH�RI�WDEXODU�GDWD��D�GDWDVHW�FRUUHVSRQGV�WR�RQH

RU�PRUH�GDWDEDVH�WDEOH��ZKHUH�HYHU\�FROXPQ�RI�D�WDEOH�UHSUHVHQWV�D�SDUWLFXODU�YDULDEOH��DQG�HDFK�URZ

UHIHUV�WR�D�JLYHQ�UHFRUG�RI�WKH�GDWDVHW�LQ�TXHVWLRQ��'DWDVHWV�DUH�XVHG�E\�GHYHORSHUV�WR�WHVW��WUDLQ�DQG

HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKHLU�DOJRULWKPV��7KH�DOJRULWKP�LV�VDLG�WR�ÑOHDUQÒ�IURP�WKH�H[DPSOHV�FRQWDLQHG

LQ�WKH�GDWDVHW�DQG�WKLV�FRQVWLWXWHV�WKH�ZRUOGYLHZ�RI�WKH�DOJRULWKP��ZLWK�FRORQLDO�LPSOLFDWLRQV���6HH�1LFRODV

0DOHY«ÒV�Ñ$Q�,QWURGXFWLRQ�WR�,PDJH�'DWDVHWVÒ��������IRU�D�XVHIXO�VXPPDU\�RI�NH\�FRQFHSWV�DQG�FRQFHUQV�

DQG�WKH�H[WHQW�WR�ZKLFK�GDWDVHWV�KDYH�EHFRPH�VLJQLILFDQW�FXOWXUDO�REMHFWV

�KWWSV���XQWKLQNLQJ�SKRWRJUDSK\�DUWLFOHV�DQ�LQWURGXFWLRQ�WR�LPDJH�GDWDVHWV��

'HHS�/HDUQLQJ

'HHS�OHDUQLQJ�LV�WKH�VXEILHOG�RI�PDFKLQH�OHDUQLQJ�WKDW�GHVLJQV�DQG�HYDOXDWHV�WUDLQLQJ�DOJRULWKPV�DQG

DUFKLWHFWXUHV�IRU�PRGHUQ�QHXUDO�QHWZRUN�PRGHOV��,W�LV�SDUW�RI�D�EURDGHU�FROOHFWLRQ�RI�PDFKLQH�OHDUQLQJ

PHWKRGV�EDVHG�RQ�DUWLILFLDO�QHXUDO�QHWZRUNV�ZLWK�UHSUHVHQWDWLRQ�OHDUQLQJ��/HDUQLQJ�FDQ�EH�
VXSHUYLVHG
�


VHPL�VXSHUYLVHG
�RU�
XQVXSHUYLVHG
��6HH�-RKQ�'��.HOOHKHU��'HHS�/HDUQLQJ��&DPEULGJH��0$��0,7�3UHVV�

������

*HQHUDWLYH�$GYHUVDULDO�1HWZRUNV��*$1V�

$�*$1�FRPSULVHV�WZR�FRQIOLFWLQJ�QHXUDO�QHWV�Ð�D�Ñ*HQHUDWRUÒ�WKDW�IRUJHV�QHZ�GDWD��DQG�D

Ñ'LVFULPLQDWRUÒ�WKDW�GLVWLQJXLVKHV�WKLV�IDNH�GDWD�FUHDWHG�E\�WKH�*HQHUDWRU�IURP�UHDO�GDWD��7KHVH�QHWV

FKDOOHQJH�HDFK�RWKHU�ZLWK�LQFUHDVLQJO\�UHDOLVWLF�IDNHV��ERWK�RSWLPLVLQJ�WKHLU�VWUDWHJLHV�XQWLO�WKHLU�JHQHUDWHG

GDWD�LV�LQGLVWLQJXLVKDEOH�IURP�WKH�UHDO�GDWD��7KLV�LV�DQ�
XQVXSHUYLVHG
�PHWKRG�RI�WUDLQLQJ�WKDW�GRHVQÒW�UHO\

RQ�WKH�WDJJLQJ�RI�LQSXW�LPDJHV�E\�KXPDQV��VLQFH�WKH�PDFKLQH�JHQHUDWHV�JURXSLQJV�EDVHG�RQ�LWV�RZQ

DQDO\VLV��7KH�ZRUNVKRS�Ñ$GYHUVDULDO�+DFNLQJ�LQ�WKH�$JH�RI�$,Ò�DVNHG�WKH�TXHVWLRQ�ZKHWKHU�FULWLFDO�WKHRU\

FRXOG�OHDUQ�IURP�WKLV�V\VWHP��WKDW�VHHPV�WR�UHVRQDWH�ZLWK�GLDOHFWLFDO�PDWHULDOLVP���LQ�ZKLFK�HYHU\WKLQJ�LV

FRQVLGHUHG�WR�EH�LQ�D�SURFHVV�RI�WUDQVIRUPDWLRQ�WKURXJK�FRQWUDGLFWLRQ��DQG�EHFRPHV�D�WHFKQLFDO�UHDOLW\�

7KH�SXEOLVKHG�RXWOLQH�SURYLGHV�D�XVHIXO�GHVFULSWLRQ�RI�ZKDW�LV�DW�VWDNH��Ñ$GYHUVDULDO�DWWDFNV�DUH�DQ�LQVWDQFH

RI�KRZ�D�PDFKLQH�OHDUQLQJ�FODVVLILHU�LV�WULFNHG�LQWR�SHUFHLYLQJ�VRPHWKLQJ�WKDW�LV�QRW�WKHUH��OLNH�D��'�SULQWHG

PRGHO�RI�D�WXUWOH�WKDW�LV�FODVVLILHG�DV�D�ULIOH��7KH�FRPSXWHU�YLVLRQ�HPEHGGHG�LQ�D�GULYHUOHVV�FDU�FDQ�EH

FRQIXVHG�DQG�QRW�UHFRJQL]H�VWUHHW�VLJQV��$UWLVWV�$GDP�+DUYH\��=DFK�%ODV�	�-HPLQD�:\PDQ��DQG�+HDWKHU

'HZH\�+DJERUJ�KDYH�XWLOL]HG�DGYHUVDULDO�SURFHVVHV�LQ�WKHLU�SURMHFWV�LQ�RUGHU�WR�VXEYHUW�DQG�FULWLFDOO\

UHVSRQG�WR�IDFLDO�UHFRJQLWLRQ�V\VWHPV��%XW�WKLV�LV�QRW�MXVW�DERXW�FRPSXWHU�YLVLRQ��6FLHQWLVWV�LQ�%RFKXP�

*HUPDQ\�UHFHQWO\�VWXGLHG�KRZ�SV\FKRDFRXVWLF�KLGLQJ�FDQ�RSSRVH�WKH�GHWHFWLRQ�RI�DXWRPDWLF�VSHHFK

http://www.openhumanitiespress.org/books/titles/aesthetic-programming/
http://www.openhumanitiespress.org/books/titles/aesthetic-programming/
https://pathmind.com/wiki/ai-vs
https://anatomyof.ai/
https://unthinking.photography/articles/an-introduction-to-image-datasets
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UHFRJQLWLRQ�V\VWHPV�Ò�6HH�KWWSV��������WUDQVPHGLDOH�GH�FRQWHQW�DGYHUVDULDO�KDFNLQJ�LQ�WKH�DJH�RI��

L�FDOO�IRU�SURSRVDOV��)RU�PRUH�RQ�*$16��VHH�,DQ�-��*RRGIHOORZ��HW�DO��Ñ*HQHUDWLYH�$GYHUVDULDO�1HWZRUNVÒ

,36
����3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�1HXUDO�,QIRUPDWLRQ�3URFHVVLQJ�6\VWHPV�Ï

9ROXPH�����������SS������Ï�����

0DFKLQH�/HDUQLQJ��0/�

0DFKLQH�OHDUQLQJ�LV�EURDGO\�GHILQHG�DV�D�FROOHFWLRQ�RI�PRGHOV��VWDWLVWLFDO�PHWKRGV�DQG�RSHUDWLRQDO

DOJRULWKPV�WKDW�DUH�XVHG�WR�DQDO\VH�H[SHULPHQWDO�RU�REVHUYDWLRQDO�GDWD��7KH�WHUP�LWVHOI�ZDV�FRLQHG�E\

$UWKXU�6DPXHO�LQ������GXULQJ�KLV�JDPH�GHYHORSPHQW�UHVHDUFK�DW�,%0��ZKLFK�XOWLPDWHO\�DLPHG�WR�UHGXFH�RU

HYHQ�HOLPLQDWH�WKH�QHHG�IRU�ÑGHWDLOHG�SURJUDPPLQJ�HIIRUWÒ��XVLQJ�OHDUQLQJ�WKURXJK�JHQHUDOLVDWLRQ�LQ�RUGHU

WR�DFKLHYH�SDWWHUQ�UHFRJQLWLRQ��6HH�$UWKXU�/��6DPXHO��Ñ6RPH�6WXGLHV�LQ�0DFKLQH�/HDUQLQJ�8VLQJ�WKH�*DPH

RI�&KHFNHUVÒ��,%0�-RXUQDO�RI�UHVHDUFK�DQG�GHYHORSPHQW���������������SS�����Ï�����0/�LQYROYHV�WKH

GHYHORSPHQW�DQG�HYDOXDWLRQ�RI�DOJRULWKPV�WKDW�HQDEOH�FRPSXWHUV�WR�OHDUQ�IURP�H[SHULHQFH��*HQHUDOO\��WKH

FRQFHSW�RI�H[SHULHQFH�LV�UHSUHVHQWHG�DV�D�GDWDVHW�RI�KLVWRULF�HYHQWV��DQG�OHDUQLQJ�LQYROYHV�LGHQWLI\LQJ�DQG

H[WUDFWLQJ�XVHIXO�SDWWHUQV�IURP�D�GDWDVHW��0/�DOJRULWKPV�WDNH�D�GDWDVHW�DV�LQSXW�DQG�UHWXUQ�D�PRGHO�WKDW

HQFRGHV�WKH�SDWWHUQV�WKH�DOJRULWKP�H[WUDFWHG��RU�OHDUQHG��IURP�WKH�GDWD��%XW�WR�ZKDW�H[WHQW�GRHV�WKLV

SURFHVV�RI�JHQHUDOLVDWLRQ�SUHVHQW�D�SUREOHP�LQDVPXFK�DV�WKH�RYHUDOO�LGHD�RI�OHDUQLQJ�LPSOLHV�QHZ�IRUPV�RI

FRQWURO�RYHU�ZKDW�DQG�KRZ�VRPHWKLQJ�EHFRPHV�NQRZQ�DQG�KRZ�GHFLVLRQV�DUH�PDGH"�6HH�$GULDQ

0DFNHQ]LH��0DFKLQH�/HDUQHUV��$UFKDHRORJ\�RI�D�'DWD�3UDFWLFH��&DPEULGJH��0$��0,7�3UHVV��������

0RGHO

,Q�PDFKLQH�OHDUQLQJ��D�PRGHO�LV�D�FRPSXWHU�SURJUDP�WKDW�HQFRGHV�WKH�SDWWHUQV�WKDW�WKH�PDFKLQH

OHDUQLQJ�DOJRULWKP�KDV�H[WUDFWHG�IURP�D�GDWDVHW��7KHUH�DUH�PDQ\�GLIIHUHQW�W\SHV�RI�PDFKLQH�OHDUQLQJ

PRGHOV��EXW�SXW�VLPSO\��D�PRGHO�LV�FUHDWHG��RU�WUDLQHG��E\�UXQQLQJ�D�PDFKLQH�OHDUQLQJ�DOJRULWKP�RQ�D

GDWDVHW��2QFH�WKH�PRGHO�KDV�EHHQ�WUDLQHG��LW�FDQ�WKHQ�EH�XVHG�WR�DQDO\VH�QHZ�LQVWDQFHV��1DPHG�WR�UHIOHFW

VRPH�RI�WKH�SUREOHPV�DVVRFLDWHG�ZLWK�WKLV��Ñ$OO�0RGHOVÒ�LV�D�PDLOLQJ�OLVW�RI�FULWLFDO�$,�VWXGLHV�KRVWHG�E\�WKH

UHVHDUFK�JURXS�.,0�DW�WKH�.DUOVUXKH�8QLYHUVLW\�RI�$UWV�DQG�'HVLJQ��7KH�Ñ$ERXWÒ�SDJH�SURSKHWLFDOO\�VWDWHV

WKDW�Ñ$OO�0RGHOV�DUH�ZURQJ��EXW�VRPH�DUH�XVHIXOÒ��WR�SRLQW�WR�VRPH�RI�WKH�OLPLWV�RI�VWDWLVWLFV�DQG�PDFKLQH

OHDUQLQJ��DQG�KRZ��IRU�LQVWDQFH��PDLQVWUHDP�$,�GLVFRXUVH�VWUHVVHV�WKH�QHHG�IRU�XQELDVHG�GDWD�DQG

DOJRULWKPV�WR�HQVXUH�IDLU�UHSUHVHQWDWLRQ��EXW�RYHUORRNV�WKH�LQWULQVLF�OLPLWV�RI�DQ\�VWDWLVWLFDO�WHFKQLTXH�

+HUHLQ�OLHV�WKH�SROLWLFV�DQG�WKH�ZD\�LQ�ZKLFK�WUDGLWLRQDO�IRUPV�RI�SRZHU��VXFK�DV�WKRVH�UHODWHG�WR�JHQGHU�

UDFH��DQG�FODVV�GLVFULPLQDWLRQ��DUH�DPSOLILHG��,Q�VXPPDU\��Ñ$OO�0RGHOV�TXHVWLRQV�DOO�PRGHOV�Ò��6HH�Ñ$ERXWÒ

�DOOPRGHOV�DL��

1HXUDO�1HWZRUN

$�QHXUDO�QHWZRUN�LV�D�PDFKLQH�OHDUQLQJ�PRGHO�WKDW�LV�LPSOHPHQWHG�DV�D�QHWZRUN�RI�VLPSOH

LQIRUPDWLRQ�SURFHVVLQJ�XQLWV�FDOOHG�QHXURQV��,W�LV�SRVVLEOH�WR�FUHDWH�D�YDULHW\�RI�GLIIHUHQW�W\SHV�RI�QHXUDO

QHWZRUNV�E\�PRGLI\LQJ�WKH�FRQQHFWLRQV�EHWZHHQ�WKH�QHXURQV�LQ�WKH�QHWZRUN��([DPSOHV�RI�SRSXODU�W\SHV�RI

QHXUDO�QHWZRUNV�LQFOXGH�IHHGIRUZDUG��FRQYROXWLRQDO�DQG�UHFXUUHQW�QHWZRUNV��$�UHFXUUHQW�QHXUDO�QHWZRUN�

IRU�LQVWDQFH��KDV�D�VLQJOH�OD\HU�RI�KLGGHQ�QHXURQV��WKH�RXWSXW�RI�ZKLFK�LV�IHG�EDFN�LQWR�WKLV�OD\HU�ZLWK�WKH

QH[W�LQSXW��7KLV�IHHGEDFN��RU�UHFXUUHQFH��ZLWKLQ�WKH�QHWZRUN�JLYHV�WKH�QHWZRUN�D�PHPRU\�WKDW�HQDEOHV�LW�WR

SURFHVV�HDFK�LQSXW�ZLWKLQ�WKH�FRQWH[W�RI�ZKDW�LW�KDV�SUHYLRXVO\�SURFHVVHG��5HFXUUHQW�QHXUDO�QHWZRUNV�DUH

LGHDOO\�VXLWHG�WR�SURFHVVLQJ�VHTXHQWLDO�RU�WLPH�VHULHV�GDWD��$�JRRG�H[DPSOH�RI�WKLV�LV�+HOHQ�3ULWFKDUG�DQG

:LQQLH�6RRQ
V�Ñ5HFXUUHQW�4XHHU�,PDJLQDULHVÒ������Ï�����LQ�ZKLFK�D�PDFKLQH�OHDUQHU�Ñ0RWWR�$VVLVWDQWÒ

FRQWLQXRXVO\�UHZRUNV�TXHHU�DQG�IHPLQLVW�PDQLIHVWRV�WR�DFWLYDWH�DOWHUQDWLYH�LPDJLQDULHV�

5HLQIRUFHPHQW�/HDUQLQJ

5HLQIRUFHPHQW�/HDUQLQJ�LV�EDVHG�RQ�LQWHUDFWLRQ�ZLWK�WKH�HQYLURQPHQW��PDSSLQJ�DQ�DQDO\VLV�RI�D

VLWXDWLRQ�LQWR�DFWLRQV��W\SLFDOO\�XVHG�LQ�URERW�FRQWURO�DQG�JDPH�SOD\LQJ��7KH�OHDUQHU��RU�DJHQW��GRHV�QRW

KDYH�DQ\�SUHYLRXV�GDWD�WR�EDVH�LWVHOI�RQ�LQ�RUGHU�WR�GHWHUPLQH�RU�SUHGLFW�ZKLFK�DFWLRQ�WR�WDNH��EXW�UDWKHU

OHDUQV�E\�WULDO�DQG�HUURU��7KLV�W\SH�RI�OHDUQLQJ�ILQGV�WKH�RSWLPXP�SRVVLEOH�EHKDYLRXU�RU�SDWK�WR�WDNH�LQ�D

https://2020.transmediale.de/content/adversarial-hacking-in-the-age-of-ai-call-for-proposals
https://2020.transmediale.de/content/adversarial-hacking-in-the-age-of-ai-call-for-proposals
http://allmodels.ai
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VSHFLILF�HQYLURQPHQW��PDSSLQJ�VWDWH�DFWLRQ�SDLUV�WR�DFKLHYH�WKH�EHVW�UHVXOW��$V�LQ�EHKDYLRXUDO�SV\FKRORJ\�

UHLQIRUFHPHQW�LV�XVHG�WR�VXJJHVW�IXWXUH�DFWLRQV��OLNH�D�SHW�RU�FKLOG�JHWWLQJ�D�WUHDW�IRU�GRLQJ�ZKDW�LW�ZDV�WROG�

8QOLNH�VXSHUYLVHG�OHDUQLQJ�WKDW�UHOLHV�RQ�LQSXW�WUDLQLQJ�GDWD��WKH�FKDUDFWHULVWLFV�RI�UHLQIRUFHPHQW�OHDUQLQJ

DUH�WKDW�WKH�SURJUDPPH�XQGHUVWDQGV�WKH�HQYLURQPHQW�DV�D�ZKROH��DQG�LV�DEOH�WR�OHDUQ�IURP�LWV�H[SHULHQFH

E\�HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�HDFK�DFWLRQ�WDNHQ��ÑWULDO�DQG�HUURU�VHDUFKÒ�DQG�ÑGHOD\HG�UHZDUGÒ�DUH

EDVHG�RQ�VHTXHQWLDO�GHFLVLRQV��FRPSXWDWLRQ��UHSHDWHG�DWWHPSWV�DQG�IHHGEDFN�RQ�WKH�VXFFHVV�RI�DFWLRQV�

6HH�5LFKDUG�6��6XWWRQ��Ñ,QWURGXFWLRQ��7KH�&KDOOHQJH�RI�5HLQIRUFHPHQW�/HDUQLQJÒ��LQ�5LFKDUG�6��6XWWRQ��HG�

5HLQIRUFHPHQW�/HDUQLQJ��7KH�6SULQJHU�,QWHUQDWLRQDO�6HULHV�LQ�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH
�.QRZOHGJH�5HSUHVHQWDWLRQ��/HDUQLQJ�DQG�([SHUW�6\VWHPV�������6SULQJHU���������SS����Ï����+DYLQJ
PHQWLRQHG�HQYLURQPHQW��LW�LV�LPSRUWDQW�WR�HPSKDVLVH�WKDW�WKHUH�DUH�ZRUU\LQJ�HQYLURQPHQWDO�FRVWV

DVVRFLDWHG�ZLWK�PDFKLQH�OHDUQLQJ��6HH��IRU�LQVWDQFH��.DUHQ�+DR��Ñ7UDLQLQJ�D�VLQJOH�$,�PRGHO�FDQ�HPLW�DV

PXFK�FDUERQ�DV�ILYH�FDUV�LQ�WKHLU�OLIHWLPHVÒ��0,7N�7HFKQRORJ\�5HYLHZ��-XQH����������
KWWSV���ZZZ�WHFKQRORJ\UHYLHZ�FRP�V��������WUDLQLQJ�D�VLQJOH�DL�PRGHO�FDQ��

PLW�DV�PXFK�FDUERQ�DV�ILYH�FDUV�LQ�WKHLU�OLIHWLPHV��

6XSHUYLVHG�/HDUQLQJ

6XSHUYLVHG�OHDUQLQJ�LV�EDVHG�RQ�D�WUDLQLQJ�GDWDVHW�ZLWK�LQSXW�RXWSXW�SDLUV�DV�H[SHFWHG�DQVZHUV��$

FODVVLF�H[DPSOH�ZRXOG�EH�VSDP�HPDLOV�LQ�ZKLFK�DQ�DOJRULWKP�OHDUQV�IURP�WKH�VDPSOH�RI�HPDLOV�WKDW�DUH

ODEHOOHG�DV�ÑVSDPÒ�RU�ÑQRW�VSDPÒ��7KH�JRDO�RI�WKLV�W\SH�RI�OHDUQLQJ�LV�WR�PDS�WKH�LQSXW�GDWD�WR�RXWSXW�ODEHOV�

)RU�H[DPSOH��ZLWK�QHZ�HPDLO�DV�WKH�LQSXW��ZKDW�ZRXOG�WKH�SUHGLFWHG�RXWSXW�UHVXOW�EH"�&DQ�LW�EH�FODVVLILHG�DV

VSDP�DQG�WKHQ�PRYHG�WR�WKH�VSDP�PDLOER["�,Q�PDWKHPDWLFDO�WHUPV��WKLV�LV�H[SUHVVHG�DV�< I�;���DQG�WKH

JRDO�LV�WR�SUHGLFW�WKH�RXWSXW�YDULDEOH�<�IURP�WKH�QHZ�LQSXW�GDWD��;���%XW�WKLV�SUHGLFWLRQ�SURFHVV�UHOLHV�RQ

FODVVLILFDWLRQ�WHFKQLTXHV��IRU�H[DPSOH�ELQDU\�FODVVLILFDWLRQ��VXFK�DV�
\HV�QR
��
VSDP�QRW�VSDP
�


PDOH�IHPDOH
��DQG�PXOWL�FODVVLILFDWLRQ��VXFK�DV�GLIIHUHQW�REMHFW�ODEHOV�LQ�YLVXDO�UHFRJQLWLRQ���ZKLFK�LV�EDVHG

RQ�WKH�SURFHVV�RI�GDWD�ODEHOOLQJ��7KLV�LV�ZKHUH�LQFRQVLVWHQFLHV�DULVH��'DWD�LV�FDWHJRULVHG�LQ�D�GLVFUHWH

PDQQHU��DQG�WKHUH�DUH�PDQ\�HOHPHQWV�WKDW�PLJKW�OHDG�WR�D�ÑQRUPDWLYHÒ�SUHGLFWLRQ��HVSHFLDOO\�SUREOHPDWLF

ZKHQ�LW�FRPHV�WR�FRPSOH[�VXEMHFWV�VXFK�DV�JHQGHU��UDFH��DQG�LGHQWLW\��EHFDXVH�WKHVH�RSHUDWH�EH\RQG

ELQDU\��GLVFUHWH�FODVVLILFDWLRQ��6HH�-R\�%XRODPZLQL��Ñ5HVSRQVH��5DFLDO�DQG�*HQGHU�%LDV�LQ�$PD]RQ

5HFRJQLWLRQ�Ð�&RPPHUFLDO�$,�6\VWHP�IRU�$QDO\]LQJ�)DFHVÒ��0HGLXP
��������KWWSV���PHGLXP�FRP�#-R\�%XRODPZLQL�UHVSRQVH�UDFLDO�DQG�JHQ�

HU�ELDV�LQ�DPD]RQ�UHNRJQLWLRQ�FRPPHUFLDO�DL�V\VWHP�IRU�DQDO\]LQJ�IDFHV�D������HHFHG�

8QVXSHUYLVHG�/HDUQLQJ

8QOLNH�VXSHUYLVHG�OHDUQLQJ��XQVXSHUYLVHG�OHDUQLQJ�GRHV�QRW�FRQWDLQ�D�VHW�RI�ODEHOOHG�GDWD��2QH�RI�WKH

FRPPRQ�WDVNV�ZLWK�XQVXSHUYLVHG�OHDUQLQJ�LV�ÑFOXVWHULQJÒ��DOJRULWKPV�VXFK�DV�.�PHDQV�DQG�+LHUDUFKLFDO

&OXVWHULQJ���7KH�JRDO�RI�WKLV�WHFKQLTXH�LV�WR�ILQG�VLPLODULWLHV��SURYLGLQJ�LQVLJKWV�LQWR�XQGHUO\LQJ�SDWWHUQV

DQG�UHODWLRQVKLSV�RI�GLIIHUHQW�JURXSV�LQ�D�GDWDVHW�XVLQJ�H[SORUDWRU\�DQG�FOXVWHU�DQDO\VLV��,WHPV�LQ�WKH�VDPH

JURXS�RU�FOXVWHU�VKDUH�VLPLODU�DWWULEXWHV�DQG�PHWULFV��7KH�LGHD�EHKLQG�FOXVWHULQJ�LV�WR�LGHQWLI\�JURXSV�RI

GDWD�LQ�D�GDWDVHW��VHJUHJDWLQJ�JURXSV�ZLWK�VLPLODU�FKDUDFWHULVWLFV��,W�LV�FRPPRQO\�XVHG�LQ�WKH�EXVLQHVV�DQG

PDUNHWLQJ�VHFWRUV�WR�XQGHUVWDQG�FXVWRPHU�SUHIHUHQFHV�VR�WKDW�SHUVRQDOLVDWLRQ�DQG�GDWD�PDUNHWLQJ�FDQ�EH

SURYLGHG�E\�JURXSLQJ�FXVWRPHUV�EDVHG�RQ�WKHLU�SXUFKDVLQJ�EHKDYLRXU�ZLWK�UHJDUG�WR�FHUWDLQ�W\SHV�RI

JRRGV��$UWLVWV�-RDQD�&KLFDX�DQG�-RQDWKDQ�5HXV�KDYH�GHYHORSHG�D�SHUIRUPDWLYH�SURMHFW�Ñ$QDWRPLHV�RI

,QWHOOLJHQFHÒ��KWWSV���DQDWRPLHVRILQWHOOLJHQFH�JLWKXE�LR����ZKLFK�XVHV�DQ�XQVXSHUYLVHG�OHDUQLQJ�PRGHO�WR

GHYHORS�DQ�XQGHUVWDQGLQJ�RI�DQDWRPLFDO�NQRZOHGJH�DQG�FRPSXWDWLRQDO�OHDUQLQJ��,Q�D�ZRUNVKRS�VHWWLQJ�

WKH\�VXJJHVW�WKDW�SDUWLFLSDQWV�WKLQN�RI�WZR�IHDWXUHV�IRU�H[DPLQLQJ�D�VPDOO�LPDJH�GDWDVHW��DURXQG�ILIWHHQ

LPDJHV��Ð�VXFK�DV�ÑFXWHQHVVÒ�DQG�ÑFXUOLQHVVÒ�Ð�DQG�HDFK�RI�WKH�LPDJHV�LV�UDWHG�DQG�VRUWHG�DFFRUGLQJ�WR

WKHVH�IHDWXUHV��(DFK�LPDJH�FDQ�WKHQ�EH�GHVFULEHG�E\�WKH�VHW�RI�IHDWXUH�YDOXHV��$V�D�UHVXOW��VHYHUDO�FOXVWHUV

DUH�IRUPHG��SURYLGLQJ�D�QHZ�SHUVSHFWLYH�RQ�WKH�UHODWLRQV�EHWZHHQ�LPDJHV�LQ�WHUPV�RI�WKHLU�VLPLODULWLHV�DQG

GLIIHUHQFHV��,W
V�D�VLPSOH�H[HUFLVH��EXW�FDQ�EH�VFDOHG�XS��V\VWHPDWLVHG�DQG�DXWRPDWHG��IRU�H[DPSOH�E\

https://www.technologyreview.com/s/613630/training-a-single-ai-model-can-emit-as-much-carbon-as-five-cars-in-their-lifetimes/
https://www.technologyreview.com/s/613630/training-a-single-ai-model-can-emit-as-much-carbon-as-five-cars-in-their-lifetimes/
https://medium.com/@Joy.Buolamwini/response-racial-and-gender-bias-in-amazon-rekognition-commercial-ai-system-for-analyzing-faces-a289222eeced
https://medium.com/@Joy.Buolamwini/response-racial-and-gender-bias-in-amazon-rekognition-commercial-ai-system-for-analyzing-faces-a289222eeced
https://anatomiesofintelligence.github.io/
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GHFLGLQJ�RQ�WKH�QXPEHU�RI�FOXVWHUV�DQG�FDOFXODWLQJ�WKH�GLVWULEXWLRQ�RI�GLVWDQFH�EHWZHHQ�GDWD�SRLQWV��7KLV

DOVR�KHOSV�UHLQIRUFH�KRZ�DOJRULWKPV�GHVLJQHG�WR�UHFRJQLVH�SDWWHUQV��NQRZQ�DV�QHXUDO�QHWZRUNV��RSHUDWH�
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