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0&"42,B&+"&>;6#7B&4=79&6,B&
4=79H&6,B&8%7,&8%7&"42,B&+"&
$%6,-7B&54;;4G7B&+??7B+687;#&
N#&8%7&>97"7,8634,&45&8%7&
?4=+,-&84#Q&0f79&"7=796;&89+6;"H&
N6N+7"&829,&8%7+9&%76B"&G%7,&
8%7&"42,B"&$%6,-7&7=7,&N75497&
8%7&?4=+,-&84#&+"&6$3=687BQ&&
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*&

k687-49+$6;&!79$7>34,&
R,7&5768297&45&+,56,8"[&">77$%&>79$7>34,/&$687-49+$6;&>79$7>34,Q&k687-49+$6;&

>79$7>34,&4$$29"&G%7,&6&96,-7&45&"3?2;+&8%68&B+_79&$4,3,242";#&697&>79$7+=7B&6"&
N7;4,-+,-&84&4,;#&6&57G&$687-49+7"&G+8%&,4&B7-977"&45&B+_797,$7&G+8%+,&8%4"7&
$687-49+7"Q&

&
&
+,-./0&123.04&

567,6829:&9;&123.04&

k687-49+$6;&!79$7>34,&

0B2;8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

(D&?"&

k687-49+$6;&!79$7>34,&

0B2;8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

<-=>&

<?=>&

@94,6&9:16-&236&4:&316,&

t&45&
97">4,"7"&6"&
7+8%79&c8ud&
49&cBud&

k687-49+$6;&!79$7>34,&

0B2;8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

Decision between dæ/tæ! Time to make decision!
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A&

k687-49+$6;&!79$7>34,&

0B2;8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

Decision between dæ/tæ! Time to make decision!

Uncertainty at category boundary!

k687-49+$6;&!79$7>34,&

0B2;8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

0ms!

20ms!

40ms!

20ms!

40ms!

60ms!

D! T!

D!

T! T!

D!

J+8%+,X$687-49#&B+"$9+?+,634,&+"&%69BH&6$94""X$687-49#&
B+"$9+?+,634,&+"&76"#&

k687-49+$6;&!79$7>34,&

@,56,8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

o+?6"&78&6;Q&.b:./&I0T&87$%,+127&

6$94""&&
$687-49#&

G+8%+,&&
$687-49#&

$4,894;&&
FN6"7;+,7L&

k687-49+$6;&!79$7>34,&

@,56,8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

o+?6"&78&6;Q&.b:./&I0T&87$%,+127&

@,56,8"&,43$7H&$4?>697B&84&$4,894;&

6$94""&&
$687-49#&

G+8%+,&&
$687-49#&

$4,894;&&
FN6"7;+,7L&
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!B&

k687-49+$6;&!79$7>34,&

@,56,8&$687-49+$6;&>79$7>34,/&V4+$7&R,"78&e+?7&FVReL&

o+?6"&78&6;Q&.b:./&I0T&87$%,+127&

@,56,8"&B4,[8&,43$7H&$4?>697B&84&$4,894;&

6$94""&&
$687-49#&

G+8%+,&&
$687-49#&

$4,894;&&
FN6"7;+,7L&

k687-49+$6;&!79$7>34,&

k687-49+$6;&>79$7>34,/&6&">7$+6;&%2?6,&6N+;+8#g&

k687-49+$6;&>79$7>34,&+"&,48&">7$+K$&84&8%7&%2?6,&769H&8%42-%&X&
+8["&6&5768297&"%697B&G+8%&48%79&?6??6;"&;+O7&$%+,$%+;;6"&
F87"87B&G+8%&6,&0=4+B6,$7&k4,B+34,+,-&!94$7B297Lv&

0=4+B6,$7&k4,B+34,+,-&!94$7B297&

!! T>77$%&"42,B&68&4,7&7,B&45&8%7&$4,3,22?&&
&&&&>6+97B&G+8%&"%4$O&
!! R8%79&7,B&>6+97B&G+8%&"6578#&

B& #B& $B& (B& *B&

@CD&

E/;6-F&
EG9,H&

0=4+B6,$7&k4,B+34,+,-&!94$7B297&

+:43/01&06/7:&-9&I/J94?K&1G9,HL&
&
MG/-&N400&-G6F&?9&;97&O6-N66:&,/161P&

B& #B& $B& (B& *B&

@CD&

E/;6-F&
EG9,H&

Q&RSTT&

Q&ED+U&
P& P& P&P& P& P&
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!!&

r2%;&\&M+;;79&F.b:]L&

@,56,8XB+97$87B&">77$%&

e%7&,68297&45&+,56,8XB+97$87B&">77$%&

M48%797"7*+,56,8XB+97$87B&">77$%*$%+;BXB+97$87B&">77$%&

@,84,634,6;&$4,8429&+"&-9768;#&7Z6--79687B/&
X! %+-%79X>+8$%7B&=4+$7H&G+B79&96,-7&45&

>+8$%7"H&;4,-79&>62"7"H&"%49879&>%96"7"H&
";4G79&87?>4&F=4G7;"&697&>94;4,-7BL&

M48%797"7&$42;B&N7&%7;>52;&549&;6,-26-7&;769,+,-/&;+O7;#&84&
%+-%;+-%8&+?>4986,8&5768297"&45&">77$%H&6,B&>94=+B7&?497&
>94848#>+$6;&7Z6?>;7"&45&6&;6,-26-7["&">77$%&"42,B"&&

I4G&?48%797"7&%7;>"&

q976879&B+"$9+?+,6N+;+8#&45&>%4,7?7"&F$4,896"3,-&"42,B"&+,&6&
;6,-26-7L&+,&$%+;BXB+97$87B&">77$%&?6#&%7;>&$%+;B97,&7"86N;+"%&
>%4,7?+$&$687-49+7"&F8%68&"+-,6;&?76,+,-&$4,896"8"L&&
& &cNd&6,B&c>d&697&B+"3,$8&>%4,7?+$&$687-49+7"&+,&o,-;+"%Q&
& &J7&O,4G&N7$62"7&SN+-U&+"&6&B+_797,8&G49B&594?&S>+-UQ&

&
&
T2>>498/&M48%79"&G%4&>94B2$7&?497&B+"$9+?+,6N;7&=4G7;"&+,&8%7+9&

+,56,8XB+97$87B&">77$%&%6=7&+,56,8"&G%4&B7?4,"89687&N7P79&
">77$%&>79$7>34,&"O+;;"&+,&;6N496849#&87"8"Q&
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!#&

I4G&?48%797"7&%7;>"w6B2;8"g&

q4;+,O4_&\&0;+484&.bb'/&6B2;8"&;769,7B&G49B"&+,&6&5497+-,&;6,-26-7&
N7P79&+5&8%7&G49B"&G797&>97"7,87B&+,&+,56,8XB+97$87B&968%79&8%6,&
6B2;8XB+97$87B&">77$%&

J%#&N6N+7"&;+O7&?48%797"7&
k%+;B97,&;+O7&8%7&7Z6--79687B&>+8$%&$4,8429"&8%7&?4"8g&
^79,6;B&\&r2%;&F.b]:L/&nX?4,8%X4;B"&>97579&84&%769&+,56,8XB+97$87B&

">77$%&4=79&6B2;8XB+97$87B&">77$%&G%7,&4,;#&8%7&?7;4B#&+"&;7f&
F7=79#8%+,-&7;"7&%6"&N77,&K;8797B&428L&

I4G7=79H&8%+"&?6#&N7&B27&84&>4"+3=7&+,8796$34,"&G+8%&8%7+9&
$69786O79"H&6"&.X?4,8%X4;B"&6$826;;#&4,;#&>97579&$%+;BXB+97$87B&
">77$%&G%7,&8%7&7,397&">77$%&"+-,6;&+"&>97"7,8Q&&

A28&,48&?48%797"7&549&7=79#4,7w&

J%+;7&?48%797"7&?6#&N7&=79#&2"752;H&+8&$6,[8&N7&$%&'($%)&549&;6,-26-7&
6$12+"+34,&F7=7,&+5&+8["&976;;#&%7;>52;L&"+,$7&,48&6;;&$2;8297"&2"7&+8Q&&
T4?7&$2;8297"&F7Z/&T6?46,"H&!6>26&W7G&q2+,76,"H&M6#6,"H&lT&
059+$6,&0?79+$6,"&+,&8%7&9296;&"428%L&B4&,48&6BB97""&">77$%&84&
>97;+,-2+"3$&$%+;B97,&68&6;;&X&"4&8%4"7&$%+;B97,&?2"8&;769,&"4?7&48%79&
G6#Q&

`7$6>/&T>77$%&T42,B&<7=7;4>?7,8&

&
@,56,8"&-4&8%942-%&B+_797,8&"86-7"&45&>97X">77$%&>94B2$34,H&G%+$%&

6;;4G"&8%7?&84&B7=7;4>&8%7&?4849&"O+;;"&84&>94B2$7&8%7&&">77$%&
"42,B"&+,&8%7+9&,63=7&;6,-26-7Q&

&
e%797&697&"7=796;&7Z>79+?7,86;&87$%,+127"&8%68&$6,&N7&2"7B&84&

7Z6?+,7&+,56,8&">77$%&>79$7>34,Q&&R,7&2"752;&6N+;+8#&+,56,8"&"77?&
84&%6=7&+"&$687-49+$6;&>79$7>34,Q&&

&
@,56,8XB+97$87B&">77$%&F?48%797"7L&87,B"&84&%6=7&"7=796;&>94>7937"&

8%68&?6O7&+8&%7;>52;&549&;769,+,-&8%7&"42,B"&45&8%7&;6,-26-7Q&
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!%&

x27"34,"g&

m42&"%42;B&N7&6N;7&84&B4&2>&8%942-%&127"34,&.C&4,&8%7&
>%4,4;4-+$6;&97=+7G&127"34,"&6,B&2>&8%942-%&127"34,&n&4,&IJCQ&


