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Exhaustive Sample Distribution
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Stable Criterion

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

hit rate

fa
ls

e 
al

ar
m

 r
at

e

Stable d−prime

����������	�� � ��8jT	I�?�Q[? B T+©KYZ:�@D?|GC@D?�TDI�?�UEDAC��H�@	UTD?�@	U[AZ8JQU8�?�E�e�G�8�SJU8¤TDI�?�@DUYZI}T ©KYN:m@D?>G�@D?�TDIm?>U[E	A��
S�UEDHF@DU<|U8KGCTDUAN8 QU8�?�EM~ �®UTDI�U8¥UEDAC��H�@	UTD?�@	U[AZ8¥Q[U8�?FE�e+I�UYZI�QRz8�?�Y;G�T	U[LZ?�H�AN@	@D?�Q!G�T	UAN8�EP=K?�T�c�?�?�8XI�UT
G�8mS B�GCQ[E	?|G�Q!G�@	< @�G�T	?�GC@D?PB AN:m8�S�~�� U[T	I�U8 UEDA���S�UEDHF@DU<|U8KGCTDUAN8JQU8�?�E�<|A;S�?�@�G�TD?FQ[R¤I�UYNI O&ANE	UTDULN?
H�AZ@D@D?FQ«GCTDUAN8mE+=K?�T�c�?�?�8¤I�UT+G�8�SPB�GCQ[E	?�GCQ«GC@D<£@�G�T	?#G�@	?3B_AN:�8�S�~

E	T�GC=�Q?kGC8�Sj?FV}:mU[LNGCQ?�8;T3TDA�T	I�?|G�=&A�LN?��	?�{;TD@	?�<|?���E	U[T	:KGM�
T	UAN8�EMe�TDAz~"!me�U8y~ f�� ��EDH�AZ@D?PU[8mH�@D?�<P?�8;TDEM~>�+I�?>EDT�G�8�S&G�@DS
Sm?�L;U«GCTDUAN8PB AZ@+TDI�?�����G�8�S��WHFAN<|O&AN8m?�8;TDE3ACB¦TDI�?�SmU[E	TD@	U �
=m:�TDUAN8(LNG�@	U[?FSzU8®G�QQ.O&ANE	EDU=�Q?JH�AZ<>=�U8KG�T	UAN8�EMe�R;U?�QS�U8�Y
0 h SmU ��?�@	?�8;T�B�G�H�?�E�G�<|OmQ[U8�Y�S�UE	TD@DU=�:mTDUAN8�E�\�?N~ YK~e����	��� ª
GC8�S
��� � ª��  ���	��� ª GC8�S���� � VfN� ���	��� ª GC8�S
����� V � V V V ���	��� V !�G�8�S���� � V ! i ~

� ?�O�@D?FED?�8;T3T	I�?�@	?�ED:�QT	E3A�B�TDI�?FED?�E	U[<>:mQ«GCTDUAN8mE¦U8|T�c�A
©&YN:�@	?�E�~�¢�U[@	EDTMe�=;R3c+GMR3A�B�E	:�<|<�G�@DR;e�¢�UYZ:�@D?�! UQ[Q:�E	TD@�G�TD?FE
T	I�?3HFAN@D@	?�Q!G�T	U[AZ8�E�=K?�T�c�?�?�8�I�UT.GC8�S>B�G�QED?3GCQ«GC@D<�@�GCTD?�E4B AZ@
T	I�?+B�G�H�?�E�GC<|O�Q?�E�G�E3G1B :m8�H�TDUAZ8|A�B�TDI�?�E	T�G�8mSKG�@	S|S�?�L;U!GM�
T	UAN8�A�B ����GC8�S��>~��+I�?+©&YN:�@	?3S�A;?�E�8�ANT4U[8mH�Q:�S�?+TDIm?3QU8�?
B_AN@�G�EDT�G�=�Q?PH�@DUTD?F@DUAN8zGCT ª e�=K?FH�G�:�E	?�c.?>IKGMLZ?|G�Q@D?MG�S�R
UQQ:�EDT	@�GCTD?�SJT	IKG�T1TDI�UE1H�AN8�SmU[T	UAN8�R;U[?FQ[SmE�G>O&?�@¨B ?�H�T�HFAN@D@	?��
Q!GCTDUAN8JACB�# f�V ª ~ ��73E�H�GC8 =K?>E	?�?�8(B @DAZ< ¢�UYN:�@	?�!�e�TDI�?
HFAN@D@	?�Q!G�T	U[AZ8¥=K?�T�c�?�?�8XI�UT�GC8�S(B�G�QE	?jG�Q!G�@	<b@�G�T	?JLNG�@	U[?FE
c+US�?FQ[R G�E�GPB :�8�HFTDUAN8 ACB3TDI�?PEDT�GC=�UQU[T�R¡A�B ���6GC8�S�� U8
T	I�?�E�GC<|O�QU8�Y�S�UE	TD@DU=�:mTDUAN8PA�B�B�G�H�?�E1U8|TDIm?�?F{}O&?�@	U[<P?�8;T�~
¢m:�@	TDI�?�@Me�UT�HMG�8 =&?>ED?�?�8(H�Q?�G�@	QRJTDIKGCT�TDIm?|H�AZ@D@D?FQ«GCTDUAN8mE
GC@D?�YN?�8m?�@�GCQ[QR�QA�c.?F@#\!U�~ ?N~e&Q?�EDE�EDT	@DAZ8�YNQRJO&ANE	U[T	ULN?Ne&<|AZ@D?
E	TD@	AN8�YZQ[R�8�?�Y;G�T	U[LZ? i B AN@�@D?�Q!GCTDULN?�QR�ED<�G�QQ?�@¦LNG�@	U!G�=�UQUT�R�ACB
T	I�? �>e�G�8mS>YN?�8�?F@�G�QQR�Q!G�@DYZ?�@�B AZ@�@D?�Q!G�T	ULN?�QR�ED<�G�QQ?�@�LNGC@DU �
GC=�UQU[T�R�A�B�TDI�?����_~

� æ0�	(��)*á¹â~� (��Ë� '�!à*á¦���w)"å� ��>�à*�")pî�#�à"� #�)"� ��(¾� ��ì	á�#�(� ('�� á��"�ä�á�ã¹#�!�*á[� )[âá?>�(á��&��(� ï	��(á ðt#�ã¹áLì	��âá����
� M¾á	â�(��)Nâ� �*�� #�ï)*åá�� � (ávðt��à����S÷�� ����ä!)N� )�ã���(�)"� (�!á¹�)"åá��#�)*)"á�à"(��

�+Im?�E�GC<|?3S&G�T�G�G�@	?�UQQ[:mEDTD@�G�T	?�S�<|AN@	?3YZ@�G�OmI�UH�G�QQR#U8
¢�UYN:m@D? h e&c+I�UH�IJEDI�A�c+E1EDH�GCTDT	?�@�O�QANT	E+B AZ@3I�UT�G�8�S�B�G�QED?
GCQ!G�@D< @�GCTD?�E�G�E�GkB :�8�HFTDUAN8JACB.TDIm?�EDT�G�8�SKGC@DS¤S�?�L;U!G�T	U[AZ8�E
ACB ���6GC8�S�� U8jT	I�?|E�G�<|OmQ[?Z~ 3¦GCH�IzU8�S�UL;US�:KG�Q�E	H�G�T	TD?�@
OmQ[AZT.@	?�O�@	?�ED?�8;T	E§G§B�GCH�?�E�G�<PO�QU8�Y�S�UEDTD@	U=�:�TDUAZ8�eNc+UT	I|I�UT
@�G�T	?�AZ8|T	I�?��;�DG�{;UE.G�8mS>B�GCQ[E	?�GCQ«GC@D<�@�GCTD?�AN8PTDI�?�� �¨GC{}UEM~
71E|H�GC8®=&?JED?�?F8�e3T	I�?¤<�G�8mU[Om:�Q!G�TDUA�8 ACB�B�G�H�?JSmU[E	TD@	U[=m:;�
T	UAN8|O&G�@�GC<|?�T	?�@DE�IKGCE6G�EDT	@DAN8mY#?���?�H�T+AZ8|T	I�?�H�A�LNG�@	U«GC8�H�?
@	?�Q!G�T	U[AZ8�EDImU[O�=&?�T�c�?�?�8JI�UT3GC8�S>B�GCQED?�G�Q!G�@	<£@�GCTD?N~
�+Im?�EDU<|OmQ[?+HFAN8�H�Q:�E	UAN8PB @DAZ<£TDIm?�ED?�SKG�T�G�UE+T	IKG�T+T	I�?

<P?�H�IKG�8mU[HFE�ACB6E	UYN8KGCQ�Sm?�TD?�HFTDUAN8 T	I�?�AN@	R}e U[8¤H�AZ84��:�8�HFTDUAN8
c+UT	I�T	I�?�<P?�G�8|GC8�S�LNG�@DU!GC=�UQ[UT�R�ACB¦TDI�?1B�GCH�?�E�G�<PO�Q?3OKG �
@�G�<P?�TD?�@	E�e�H�GC8 R;U[?FQ[S c+US�?FQ[R¤S�U ��?�@D?�8;T�H�AN@	@D?�Q!GCTDUAN8�E�=K?��
T�c�?�?�8>ImU[T�G�8�S�B�GCQ[E	?.G�Q!GC@D<�@�GCTD?N~��+I�?�@�GC8�YN?�A�B�?�{;OK?FH�TD?�S
HFAN@D@	?�Q!G�T	U[AZ8�E>B_AN:�8�S¥G�H�@	ANE	E�T	I�?�E�GC<|O�Q?�E�c.?¡?�{�G�<|U8�?FS
Im?�@D?1EDOKGC8�E�B @	AN<WG1OK?F@�B ?�HFT.U8;LN?�@	ED?+H�AZ@D@	?�Q!G�TDUAZ8#T	A§G1O&?�@��
B_?�H�T+O&ANEDUT	U[LZ?+H�AN@	@D?�Q!GCTDUAN8�~�71QEDAKeZc+I�UQ?3c�?3H�AZ8�EDUS�?F@+TDI�UE
UE	ED:�?�<|AZ@D?+T	I�AN@	AN:�YZI�QR>U[8>T	I�?�S�UEDH�:mEDEDUAZ8�e;c+UTDI|T	I�?3?F{N�
HF?�O�TDUAZ8®A�B�TDI�?�?�{;TD@	?�<|?�H�GCED?�EPA�B�l�?�@DA(LNG�@	U«GC=�UQU[T�R;e�c�?
HFAN8�E	U[Sm?�@�GCQ[Q�A�B3T	I�?�OKAZU8}T	E#AZ8¥TDI�?PYN@�GCO�I¥U8z¢�UYZ:�@D?�!
T	AJ=&?#V;:�UTD?>OmQ«GC:�EDU=�Q?�B�G�H�?>E�G�<|OmQ[U8�Y>SmU[E	TD@	U[=m:�TDUAN8mE3B_AN@
G EDT�GC8�SKGC@DSXB�GCH�? @D?�HFANYN8mU[T	UAN8X?�{;OK?�@	U<|?�8;T�~��+I;:�E�e�U8
T	I�?jGC=�ED?�8mH�?JA�B�AZTDI�?�@>?FL}US�?F8�H�?Ne+T	I�?�E	?JB�GCH�TDAZ@DE>E	I�AN:�QS
=&?>H�AZ8�EDUS�?�@	?�SzT	AJO�@	A�L}US�?�TDIm?><|ANE	T3OKGC@DE	U[<PAN8�UAZ:�E�GCH��
HFAN:�8;T+A�B¦G�8;R>OKGC@DTDUH�:mQ«GC@.AZ=�T�GCU8�?�S�H�AN@	@D?�Q!GCTDUAN8P=K?�T�c�?�?�8
ImU[T3GC8�SPB�G�QE	?�G�Q!GC@D<£@�G�TD?Z~



ø:è�é ê������ á��M�[#�à")*� á¹)*)¹���Hæ�ä�â�

C std = .1 

C std = .2 

C std = .3 

C std = .4 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Standard Deviation of d−prime

C
or

re
la

tio
n

Hit and False Alarm Rate Correlations

����������	�� � � UT>LZ?�@DE	:�E>B�GCQED?JG�Q!G�@	< @�G�T	?JH�AZ@D@D?FQ«GCTDUAN8mE|G�E|G¡B :�8mH�TDUAN8(A�B�TDI�?JLNGC@DU!G�T	UAN8 U8¥TDI�?
EDT�G�8�S&G�@DS(S�?�L;U!G�T	U[AZ8 A�B3T	I�?>B�GCH�?|E�G�<PO�QU[8mY�SmU[E	TD@	U[=m:�TDUAN8zGC=KAZ:�T�T	I�?�<|?�GC8 ����� f�V ª G�8mS <|?�GC8
� � ªV ª ~ 73EPH�G�8®=&?JE	?�?�8�e1U8�H�@D?MG�EDU8�Y(TDI�?¡EDT�GC8�SKGC@DS®S�?FL}U!GCTDUAN8 B AN@�� Om@DA;S�:�H�?FE�U8�HF@D?�GCEDU8�Y
H�AZ@D@D?FQ«GCTDUAN8mE�=K?FT�c.?�?F8zI�UT#GC8�S¤B�G�QE	?kGCQ«GC@D<�@�G�T	?�E�e�c+Im?�@D?�GCE#U8�HF@D?�GCEDU8�YJT	I�?|E	T�G�8mSKG�@	S S�?�L;U!G�TDUAZ8
B AZ@ ����Om@DA;S�:�H�?FE3S�?�HF@D?�GCEDU8�Y|HFAN@D@	?�Q!G�T	U[AZ8�E+=&?�T�c.?F?�8jImU[T+G�8mS|B�G�QED?�G�Q!GC@D<�@�GCTD?N~

�
	 �1	�
"(2) , (	���1/�� �:�7� �0$W� *�� , �0/��1����(�)��3 ��TPUE
HFAN<|<PAN8�O�@�GCH�TDUH�?�U8�TDI�?�B�G�H�?�<|?F<|AN@	R.QUTD?F@�G�T	:�@D?4TDA3HFAN@��
@	?�Q!G�T	?�O&G�@DT	UH�:�Q!G�@+�;U8�S�E+ACB ?F@D@DAZ@DEMeKE	:�H�IjG�E�B�G�QED?�G�Q!GC@D<|E
AZ@#ImU[T	E#c+UT	IzANT	I�?�@Me¦8�AZ8;��E	UYN8KGCQ.S�?FTD?�H�T	UAN8;��=KG�E	?�S¥<|?�G �
E	:�@D?FE#ACB3TDI�?PEDTDU<>:�QU+\!?Z~ Y&~e�@�G�TD?FSzT�R;O�UH�G�QUT�R;e�@�GCTD?�S¥G�T��
T	@�GCH�TDULN?F8�?�EDE i ~ � ?.IKGMLZ?6GC@DYZ:�?�S>?�QED?Fc+I�?�@D?>\ �#� ��A;ANQ?NeM?�T
GCQ�~[e f�gNgC�}i TDIKGCT.T	I�?�U8}T	?�@DOm@D?�T�G�TDUAZ8|A�B�ED:�H�I�H�AZ@D@D?FQ«GCTDUAN8mE
HMG�8®=&?JO�@	AN=�Q?�<�G�TDUHN~X�@DU<�G�@DUQR;e�T	I�?jOm@DAN=mQ[?F<bE	TD?�<PE
B_@DAN< TDI�? B�G�HFT¦TDIKGCT.G1B�GCQED?3G�Q!GC@D<WAZ@¦I�UT¦@�G�TD?1=;R#UTDE	?�Q B�UE
:m8�U8}T	?�@DOm@D?�T�G�=�Q?�c+UTDI�AZ:�T¦�;8�A�c+U8�Y�T	I�?�����G�8mS���ACB�TDI�?
B�G�H�?�<|A;S�?�Q�~�a;A&e&B AZ@3?�{�G�<PO�Q?Ne&U B6G B�G�QED?>G�Q!GC@D< @�G�T	?>UE
YZ@D?�GCTD?�@§B AN@1B�GCH�?>7�TDIKGC8JB AZ@1B�G�H�?>��e�T	I�@D?�?PU8}T	?�@DOm@D?�T�GM�
T	UAN8�E¦G�@	?.O&ANE	EDU=�Q?�. f ~ i B�GCH�?�7®UE�Q?�EDE4@D?�H�AZYN8�Ul�GC=�Q?+TDIKGC8
B�G�H�?�� �.� ~ i AZ=�ED?�@	LN?�@	E�TD?�8�S TDA :�E	?JQ?�EDEPH�AN8�E	?�@DLNGCTDULN?
HF@DUTD?�@	U!G�c+UTDI B�G�HF?�7XTDI&G�8|c+UT	I>B�GCH�?�� � GC8�S>©K8&G�QQR}e�0m~ i
E	AN<P?.:�8m�}8mA�c+8|H�AZ<>=�U8KG�T	U[AZ8�A�B f ~ i GC8�S � ~ i ~�73QT	I�AN:�YZI
ACB TD?F8>TDI�?+@	?�ED?�GC@DH�I�?�@1<�GMR�8�AZT¦H�G�@	?3T	I�?�AN@	?�TDUH�GCQQ[R�c+I�UH�I
ACB�TDI�?FED?3U8;TD?F@DO�@	?�T�GCTDUAN8�E+UE¦HFAN@D@	?�H�T+U8|G�OKG�@	TDUH�:�Q!G�@4H�AN8;�
SmU[T	UAN8¤A�B�G�8(?�{;OK?F@DU<|?�8;TMe�LN?�@	R ED?�@	U[AZ:�E�U[8;T	?�@DO�@	?�T�GCTDUAN8

Om@DAN=mQ[?F<|E�H�G�8 A;H�HF:�@�c+I�?�8 T	I�?>H�AZ@D@D?FQ«GCTDUAN8mE#G�@	?><�G�Sm?
GC8�SzHFAN<|O&G�@D?FS¬GC<|AN8mY|T�c�AJAN@�<|AZ@D?�H�AN8�SmU[T	UAN8�E�ACB�G�8
?F{}O&?�@	U[<P?�8;T�TDIKGCT�SmU ��?�@¦U8�?FU[T	I�?�@¦T	I�?�U@¦<P?�G�8 � � AN@��>eCAN@
U8JT	I�?�EDT�GC8�SKGC@DS¤S�?�L;U!G�TDUAZ8�E3ACB.TDI�?FED?N~ � B_TD?�8¤ED:�H�I¤EDR;E��
T	?�<�GCTDUH3SmU ��?�@	?�8�H�?�E�U8�TDI�?�@	?�H�ANYZ8�Ul�G�=mU[QUT�R>A�B�TDI�?§B�G�H�?FE
U8�TDIm?�SmU ��?�@	?�8;T+H�AN8�SmU[T	UAN8�E+ACB G�8P?�{;OK?F@DU<|?�8;T+G�@	?�=&ANT	I
Om@D?�S�UH�T	?�S G�8�SPAN=�T�G�U8�?�S�~

� ?�H�GC@D@DU?�S AZ:�T�T�c.AP�;U[8mS�E�A�B+EDU<>:�Q!G�T	U[AZ8�E+I�?�@	?N~(��8
T	I�?>©&@DEDTMe¦c�?>c.AZ@D�¡B @DAZ< EDR;8;TDI�?�E	Ul�?�S¥H�AN@	@D?�Q!GCTDUAN8�E�=K?��
T�c�?�?�8JGC8 �DAZTDI�?F@+<|?�GCED:�@	?��kGC8�S|ImU[T�\B�G�QED?�G�Q!G�@	< i @�GCTD?Ne
c+UT	I#T	I�?3G�U<�A�B�?�{�G�<PU8�U8�Y+I�A�czT	I�?�E	?+EDR;8;TDI�?�E	Ul�?�S|HFAN@��
@	?�Q!G�T	U[AZ8�E�H�AZ8�EDT	@�GCU[8 T	I�?|?F{}O&?�H�T�G�T	U[AZ8�E�B AN@(.#Gm~ i H�AN@	@D?��
Q!GCTDUAN8�E�=&?�T�c.?F?�8®TDImU[E�ANT	I�?�@><P?�G�E	:�@D?�G�8�S ��� � G�8mSz=�~ i
B_AN@�H�AN@	@D?�Q!G�T	UAN8�E>=&?�T�c�?�?�8¥TDI�UE>AZTDI�?�@�<|?MG�ED:m@D?�GC8�S � ~
¢mAN@1H�AN8;LZ?�8�U?�8�H�?ZeKc�?�c+UQQ�@D?�B_?�@�TDA>TDImU[E1ANT	I�?�@3<P?�G�E	:�@D?Ze
YZ?�8�?�@	UH�G�QQR}e�GCE �¨B�G�HFU«GCQ ��@�G�TDU8�Y	�K~ ��8JT	I�?>ED?�HFAN8�S¤�;U[8mSJA�B
E	U<>:�Q!G�TDUAZ8�e�c.?�c�AN@D�1B @	AN<XEDR;8;TDI�?FEDUl�?�S>H�AZ@D@	?�Q!G�TDUAZ8�E�=K?��
T�c�?�?�8XG¡B�G�H�U!GCQ+@�G�T	U8�Y <|?�GCED:�@	?JG�8�S ���+c+UTDI¥TDI�?¤G�U<



û�� '�(#���âá¹)*á¹ã�)"� ��(�)*åá¹��à*ïvðt��à&ðt#�ã¹á��W�

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

0 0.5 1
0

0.5

1

standard deviation of C

st
an

da
rd

 d
ev

ia
tio

n 
of

 d
−

pr
im

e

Random Normal Samples: Hit versus False Alarm Rate
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