
6P<lÊQjÊ¯�<EPQ\IÊ�I<i\Q\O¯­
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�<EPQ\IÊZI<i\Q\OÊ<ffZQE<lQ^\j
&DQ�\RX�WKLQN�RI�DQ�H[DPSOH"��:ULWH�LW�GRZQ�

(OHFWURQLF�KHDOWK�UHFRUGV�WR�SUHGLFW�ZKLFK�SDWLHQWV�ZLOO
UHTXLUH�PRUH�FDUH
*HQRPH�VHTXHQFH�GDWD�IRU�WLVVXH�VDPSOHV�WR�GHWHFW
GLéHUHQW�NLQGV�RI�FDQFHU
7H[W�VFUDSHG�IURP�VRFLDO�PHGLD�WR�SUHGLFW�HYHQWV�RI�VRFLDO
XQUHVW��RU�WUDFN�VSUHDG�RI�PLVLQIRUPDWLRQ
7HFK�SODWIRUP�XVHU�GDWD�WR�WDUJHW�UHOHYDQW�FRQWHQW��RU
GHWHFW�SROLF\�UHJXODWLRQ�YLRODWLRQV
/HDUQLQJ�DGDSWLYH�FRQWURO�RI�URERW�SURVWKHVLV

HWF���
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�<EPQ\IÊZI<i\Q\O§Êfi^fIi
7KHVH�DSSOLFDWLRQ�H[DPSOHV�KHOS�PRWLYDWH�WKH�YDOXH�RI�0/

�$FWXDOO\��PXFK�RI�WKH�YDOXH�FRPHV�IURP�ZRUN�VSHFLêF�WR�WKH
DSSOLFDWLRQ��OLNH�WKH�FUHDWLRQ�JDWKHULQJ�SURFHVVLQJ�RI�WKH�GDWD�
DQG�WKH�UHDO�ZRUOG�DFWLRQV�WDNHQ�EDVHG�RQ�WKH�RXWSXW�RI�0/�

:H
OO�XVH��0/��WR�UHIHU�WR�WKH�WKHRU\�DQG�JHQHUDO�PHWKRGV

�6NLOOV�OLNH�JDWKHULQJ�DQG�FOHDQLQJ�GDWD�DUH�YHU\�XVHIXO��DQG
ZH
OO�SUDFWLFH�WKHP�D�OLWWOH��EXW�WKH\
UH�QRW�WKH�PDLQ�IRFXV�RI
WKLV�FRXUVH�
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H�J��ZRUG�HPEHGGLQJ�IRU�WH[W
GDWD���,PDJH�FUHGLW�

:H
OO�XVXDOO\�DVVXPH�RXU�GDWD
LV�DOUHDG\�PDWKHPDWLFDOO\
VWUXFWXUHG

6P<lÊQjÊ¯<ilQNQEQ<ZÊQ\lIZZQOI\EI¯­
�'RQ
W�WHOO�DQ\RQH�,�VDLG�WKLV��EXW��,W
V�D�FROOHFWLRQ�RI
FRPSXWDWLRQDO�WRROV�WKDW�SHRSOH�XVH�WR�FUHDWH�PDWKHPDWLFDOO\
VWUXFWXUHG�GDWD�RXW�RI�QRQ�PDWKHPDWLFDOO\�VWUXFWXUHG�GDWD

H�J��D��SRVVLEO\�UDQGRPL]HG��IXQFWLRQ�IURP�
�IRU�VRPH� �
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https://en.wikipedia.org/wiki/Word_embedding
https://corpling.hypotheses.org/495


�Djli<ElQ^\Ê<\GÊ\^l<lQ^\
$ORQJ�FDPH�VRPH�GDWD�ZKLFK�VRPHRQH�IRUPDWV�DV�D�FROOHFWLRQ
RI� �GLVWLQFW�YDULDEOHV

:H�DVVXPH�HDFK�REVHUYDWLRQ�LV�D�SRLQW�LQ�D�YHFWRU�VSDFH
�ZKLFK�ZH�DOVR�LPSOLFLWO\�DVVXPHG�LV�êQLWH�GLPHQVLRQDO��DQG
WKDW
V�2.�E\�DQ\�SUDFWLFDO�VWDQGDUG�

,mIjlQ^\¦ÊQjÊlPIiIÊ<Ê Êr<iQ<DZI­

7KLQN�DERXW�\RXU�DSSOLFDWLRQ�H[DPSOH��WKH�RQH�\RX�ZURWH
GRZQ�
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<lIO^iQIjÊ^NÊ��Êl<jYj
6XSHUYLVHG�OHDUQLQJ��PRVW�RI�WKH�WHUP�

2IWHQ�ZH�IRFXV�RQ�RQH�YDULDEOHV��QDPH�LW� ��DQG�JLYH�LW�WKH
VSHFLDO�VWDWXV�RI�EHLQJ�DQ��RXWFRPH���UHVSRQVH�

8QVXSHUYLVHG�OHDUQLQJ��D�ELW�RI�WKLV�

,I�WKHUH�LV�QR�REYLRXV�FKRLFH�RI�DQ�RXWFRPH�YDULDEOH��ZH�PD\
MXVW�ZLVK�WR��êQG�VWUXFWXUH��LQ�WKH� �YDULDEOHV��&OXVWHULQJ�
GLPHQVLRQ�UHGXFWLRQ

2WKHU�WDVNV��SUREDEO\�QRW�WKHVH�

5DQNLQJ��DQRPDO\�GHWHFWLRQ��QHWZRUN�GDWD��HPEHGGLQJV�
FRUUHVSRQGHQFH��UHFV\V��PXOWL�DUPHG�EDQGLW��HWF���
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.mfIirQjIGÊ��ÊjmD¾E<lIO^iQIj
,I� �LV�QXPHULF��UHJUHVVLRQ

&RQFHQWUDWLRQ�OHYHOV�RI�D�SURWHLQ��GLVHDVH�VWDWXV�VHYHULW\�
6HOOLQJ�SULFH�RI�D�KRXVH

,I� �LV�FDWHJRULFDO��FODVVLêFDWLRQ

6KRXOG�WKLV�LWHP�EH�ëDJJHG�IRU��KXPDQ��UHYLHZ"�\HV�QR
,GHQWLI\�W\SH�RI�FDQFHU��O\PSKRPD��VDUFRPD�
QHXUREODVWRPD��HWF

6SHFLDO�FDVHV

�LV�ELQDU\�ZLWK�UDUH�FDVHV��H�J��DQRPDO\�GHWHFWLRQ
�LV�D�WLPH�WR�HYHQW��VXUYLYDO�DQDO\VLV

0XOWL�FODVV��KLHUDUFKLFDO�FODVVHV��HWF
������������



6LPSOHU�PDWK��RUWKRJRQDO
SURMHFWLRQ��(XFOLGHDQ
JHRPHWU\�

,QWXLWLRQ�SXPS�IRU�RWKHU
FDVHV

2IWHQ�XQGHUOLHV�RWKHU
FDVHV

�^EmjÊ^\ÊiIOiIjjQ^\

H�J��ELQDU\�FODVVLêFDWLRQ�E\�WKUHVKROGLQJ�D�QXPHULF�VFRUH�
RU�UDQNLQJ��RUGLQDO�RXWFRPH����VHW�VHOHFWLRQ��VHOHFW�LWHPV
ZLWK� �VFRUHV�
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�^sÊl^ÊfiIGQElÊ ÊNi^[Ê ­
:RXOG�EH�VZHHW�LI� �VXFK�WKDW�WKH�JUDSK�RI�WKH�IXQFWLRQ�

�êW�WKH�GDWD�SHUIHFWO\

3UREOHP��ZKDW�LI� �DQG� "

3UREOHP��HYHQ�RXU�PRVW�WHVWHG�DQG�YHULêHG�SK\VLFDO�ODZV
ZRQ
W�êW�GDWD�SHUIHFWO\

6ROXWLRQ��DSSOLHG�PDWKHPDWLFV

)RU�DQ\�IXQFWLRQ� �ZH�FDQ�DOZD\V�ZULWH� ��/RRN�IRU
DQ� �ZKLFK�PDNHV�WKHVH��HUURUV���VPDOO��IRU�WKH�REVHUYHG�GDWD
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https://en.wikipedia.org/wiki/Measurement_uncertainty


0\EIil<Q\luÊ^fI\jÊlPIÊG^^iÊN^iÊfi^D<DQZQlu

$VVXPH�D�SUREDELOLW\�GLVWULEXWLRQ��DGHTXDWHO\��PRGHOV�WKH
GDWD�HUURUV

'HêQH�D�JRRG�IXQFWLRQ�DV�RQH�WKDW�PLQLPL]HV

$VVXPH�WKH�GDWD�HUURU�LV�VDPSOHG�LQGHSHQGHQWO\

0RWLYDWHV�WKH�SOXJ�LQ�SULQFLSOH��FRPSXWH�DQ�HVWLPDWH� �RI�WKH
JRRG�IXQFWLRQ� �E\�VROYLQJ�WKH�FRUUHVSRQGLQJ�SUREOHP�RQ�WKH
GDWDVHW��L�H�
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5IiuÊmjINmZÊ<jjm[flQ^\j©
/PIÊsPuÊ^NÊ[<EPQ\IÊZI<i\Q\O

¯QlÊs^iYj¯

6TXDUHG�HUURU� �VLPSOHU�PDWK

�ZH
OO�FRPH�EDFN�WR�WKLV�DQG�FRQVLGHU�RWKHU�ORVV�IXQFWLRQV�

L�L�G��VDPSOLQJ� �VLPSOHU�HVWLPDWLRQ��MXVWLêHV�JHQHUDOLVDWLRQ

�ZH
OO�FRPH�EDFN�WR�WKLV�WRR�
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0LQLPL]LQJ�H[SHFWHG�VTXDUHG�HUURU�DOVR�JLYHV�XV���

"\IÊ^NÊlPIÊ[^jlÊf^sIiNmZ
QGI<jÊQ\Ê<ZZÊ^NÊjl<lQjlQEj

lPIÊDQ<j¾r<iQ<\EIÊli<GI¾^NN
$UH�WKH�HUURUV�V\VWHPDWLF��ELDV��RU�QRW��YDULDQFH�"
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6QlPÊ[^GIZÊE^[fZItQlu¦
7\SLFDOO\��PRUH�FRPSOH[�PRGHOV�KDYH�ORZHU�ELDV�DQG�KLJKHU
YDULDQFH

$QG�W\SLFDOO\��WKHUH�LV�D��ULJKW�DPRXQW��RI�FRPSOH[LW\

7RR�ORZ"�/LWWOH�YDULDQFH��EXW�RYHUZKHOPLQJ�ELDV
7RR�KLJK"�/LWWOH�ELDV��EXW�RYHUZKHOPLQJ�YDULDQFH
-XVW�5LJKW��>LQVHUW�KDSS\�VWDWLVWLFLDQ�PHPH@
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VWDWLVWLFLDQV�FHOHEUDWH�êQGLQJ�WKH�ULJKW�PRGHO�FRPSOH[LW\
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O<f[Q\GIiÊIt<[fZI
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E<\GuÊi<\YQ\OÊIt<[fZI
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�r<Zm<lQ^\¦Ê[I<\Êjhm<iIGÊIii^i
�PRGHOV

�PRGHOV

�ÊrQEl^iuÊN^iÊ[<EPQ\IÊZI<i\Q\O©

����RU�LV�LW"�)LQG�RXW�LQ�RXU�êUVW�VHPLQDU �������������


