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� d��S-/%*d!��&/3�Qa'�\^�!Q1%�tf&h\�)"�! M+h� # jw�S&h �-/%x-/ "\�Q1'8 (-/ Myq3��7-'80� 8�+/-.U0��9$'8���TX� 8&h\�-/\�QU.1Q1'ny®'(�S- '�'8��QU)2+-/.10��_QU),&h\�)"�! "+/� # - 3W'(�! 	c [T�7-%�QU%�t6&h\*)8�! M+-'(Q1&h%�),QU)'(���V 8�V3�&/ 8� C
= � � � $ � K ��< A�� � A�� A

�
�
�

U`)8Q1%�tb'(��Q1)�&h\�)"�! "+-'8QU&h%D9*'(���,%Z0�[]\^�! �&/3«3��7-'80� 8�s+-/.10��!)��H� ��·�X��VdV'�'(&T&h\�)"�! "+/����Q1.U.�\�� C
� �;��� < = � � � $ � K � � �

R ����%Z0�[]\^�! ]&/3g[T�7-/%*QU%�th)�'(�S- ']d7-% \^�p��·*X* 8�!)")8� # 9}-/)")80�[TQU%*t�'(����[u& # �!.H&/3�.U�!-/ 8%*QU%�t# QU)"d!0�)")8� # -/\�&�+/�/9*Q1)�X� 8�Vd!QU)"�!.ayb'(���g%Z0�[]\^�! l&/3�dV&h[]\�Q1%S-'(Q1&h%�)�&/3DX�QUdPOZQU%*t�-2+-/.U0���3�&h l�7-d��3��7-'80� 8�]Q1%f'(���b[T�7-%�QU%�t*js����OZ%�&��,9�3� 8&/[ '8���b-/\^&�+h�b�!cZ0S- '(QU&/%�9D'(��-'s3�&h s�!-/d��q3��7-'80� 8��o�b�S-7+/�T&/\�)8�V "+h� # � � ��� # Q1m��! 8�V%Y's+-/.U0��V)!j R ���b'(&/'(-/.�%Z0�[�\��V s&/3 # QU)M'(Q1%�dV'2[T�7-%�QU%�t/)`�H�d7-/%®�P·�X� "�!)8)g��QU.1.�'(�*�! 8�P3�&h 8�,\^� C
� � �;��¦ < � � � ��� �  � -�j � �

#k%�&/'8���! =�o-7yb&/3^'(��Q1% OZQU%�t,-/\^&h0*'='8��QU)=�VcZ0S-'(Q1&h%_QU)�-/)|3�&/.U.U&���)Vj�U`)"QU%�t2'8��� � [�- '( 8Q ·�9h��&��[�-/%Yy # Q1m��! 8�V%Y'H[T�7-%�QU%�t/)|d7-/%_�H�`dV&h%�)"'8 80�dP' E XH�!d7-0�)8�g'(��Q1)=[�-'8���![u-'8QUd7-.*[T& # �V. # �!-/.U)QU%T�P·�X��VdV'8� # +-/.U0*�!)!9Z'(�*�`��·*X^�!dP'(� # %v0*[]\��V H&3�3��7-'80� 8��+-/.U0*�!)l&h\�)8�V "+/� # 3�&h ��7-d���3��7-'80� 8�QU)�Q # �!%Y'8QUd7-.;j So&h%Y'8 (-/)M'�'(��Q1)p&h\�)"�! "+-'8QU&h%���Q1'(�ª-wXS-/ "'8QUdV0�. -/ � [u-'( "Qa· V`'8���f%Z0�[]\^�! 
A T �



&/3�3��!-'(0� "�]+-/.U0��V)s3�&h s�!-/d��q3��7-'80� 8�]��Q1.U.4%�&/',%��Vd!�!)")(-/ "QU.ayf\^�]'(���b)8-/[u�j R �*�TX* 8�!dV� # Q1%�t-/%�-/.1yv)8Q1)|X� "&�+vQ # �!)=0�)|��Qa'(�]'8�����P·�X^�!dV'8� # +/-.U0��V)|&/3:'(����t/�!%��V (-/.�[T& # �!. # �V+/�!.U&/X�� # -\�&�+h�jR ����\S-/)8Q1du[T& # �!.= "�!. - '(�!) ² 9 � -% # c '8& � � �;�D¦ -% # � � � N � ��� � ��9�-/% # '8����X* 8&h\S-\�QU.1QU)"'8QUd-/%�-/.1yv)8Q1)` "�!.U-'(�V) ² 9 � 9^-/% # c '8& � � ���D¦ -% # � � � N � ��� � �(j Rn%e'8��� # QU)8dV0�)8)"QU&h%®'(�S- '`3�&h.1.U&���)!9 "�V3��! "�!%�dV�!)�'(&2��·*X* 8�!)")8Qa+�Qa'ny]+-/.U0*�!)|��QU.1.� "�V3��V |'(&s'(�*���P·�X��VdV'8� # +/-.U0��V) � � �;��¦ -% # � � � N � ��� � ��9 8-'(���V �'(�S-/%6+-/.U0*�!)�&/3«QU% # Q1+vQ # 0�-/.D "0�%�)!j
� >/� >@C��;8��P� <�>��s��¤;8�H6:KJ6�" V�^�(�P<P<;H6f=H68 !
R ���H[u& # �V. # �V+h�V.U&hX^� # -/\�&�+/�o 8�P+h�!-/.U)«)8&h[T�l3�0*% # -/[T�!%Y'�-.vQ1%�)8Q1th�Y'()$QU%Y'8&k��&��x��·*X* 8�!)")8Qa+�Qa'nyQ1%�d! "�7-/)"�!)u-/)T-B3�0�%*dV'(Q1&h% &/3`'8���®%v0*[]\��V _&/3k&/\�)8�V "+-'(Q1&h%�)Vj R �S- 'uQ1)!9H&h0� bd���&hQ1d!�®&/3 ²-/% # � -/ "��)"'8 8&h%*t # �V'8�! "[uQ1%S-/%Y'()`&/3='(��� # �!t/ 8�!��&/3��P·�X� "�!)8)"Q1+vQ1'ny�thQ1+/�!%dc &/\�)8�V "+-'(Q1&h%�)Vj��Q1 8)M'79���QUth0* 8��-vj � QU.U.10�)"'8 (-'8�!)�'(���k (-'8�s-'H����QUd�����·*X* 8�!)")8Qa+�Qa'nypQ1%�d! "�7-/)"�!)�-/)}- 3�0�%�dP'(QU&/%�&/3'8���`%Z0�[�\��V H&/3D&h\�)"�! "+-'8QU&h%*)!9Z\�&'(�TQU%_'(���gd7-/)"�`&3�d!&/[uX^&h)8Qa'(Q1&h%S-/.�. -/%�t/0S-/th��-/% # ��&h.1QU)M'(QUd.U-/%�th0S-th�/j Rn%]'(��Q1)���·�-[uX�.1�/9/-k[u�!-/%�Q1%�tk)"XS-/d!� # �ViS%�� # \Zy ² <

Tk-/% # �
<
TkQ1)�0�)"� # j�#k)&h%*���H&h0�. # �P·�X^�!dV'!9'8�� 8&h0*th�,.U�7- 8%�Q1%�t�9!'8�����P·�X� 8�V)8)"Q1+vQ1'ny,-d���QU�P+h� # ��Q1'8�2��&h.UQ1)"'8QUd�.U-/%�th0�-/th�/9

� � � N � ��� � ��9�-/)TQU%*X�0*'pQ1%�d! "�7-/)"�!)�-/)"yv[TX*'(&/'8QUd!-/.U.ay�'(& � ��j R �S-'�QU)!9H'(���V 8�f- 8� � � X^&h)8)"QU\�.1�[T�7-/%*QU%�th)V9s-/% # '8���B%Z0�[]\^�! 6&/3 &h\�)8�V "+-'8QU&h%�)6\^�V3�&h "�f�o� �P·�X^�!dP'e'8& )"�!�w-/.U.`&/3�'(���V[Q1)2QU%*iS%*Q1'(�V.1y®. - 8th�j�#`3W'8�! A -  &h\�)8�V "+-'8QU&h%�)V9$-/),��Q1th0� 8� -�j � )"0�thth�V)"'8)!9$'(���b��·*X* 8�!)")8Qa+�Qa'ny-/X*X� 8&Y-d����!) � ��j R &gth0S-/ 8-/%Y'(�!�o-/%���·�X� 8�V)8)8Qa+vQ1'ny�&/3 � ��[T�7-/%�Q1%�th)V9��&��H�V+/�! !9h�H&h0�.
#  "�!cZ0�QU "�-/%ªQ1%*iS%�Qa'(�B-/[T&h0�%Y'�&/3 �V+vQ # �!%�dV�/j��S&h �-xd!&/[uX^&h)8Qa'(Q1&h%S-/.�. -%�th0S-/t/�/9�'(���B 8�V. -'8QU&h%*)8��Q1X\^�V'n�H�!�V% �P·�X� "�!)8)"Q1+vQ1'ny¬-% # '8���B%Z0�[]\^�! ®&/3�&/\�)8�V "+-'(Q1&h%�) # QamD�V 8)�)80*\�)"'(-/%Y'(Q -.U.1y/j R ���[u- ·�QU[]0*[ �P·�X� "�!)8)"Q1+vQ1'ny�&/3 � ��[T�7-/%�Q1%�th)lQU)H-/X�X� "&Y-/d����

# -3W'8�! �  &h\�)"�! M+/- '(QU&/%�)\VZ'(���` (-'8�-' ����QUd��x��·�X� 8�V)8)8Qa+vQ1'ny{Q1%�d! "�7-/)"�!)]Q1)�)"QUth%�QaiSd7-%Z'8.1yq3�-/)M'(�V �QU%w'(���pd!-/)8��&/3�d!&/[uX^&h)8Qa'(Q1&h%S-/.Q1%�X�0*'!j
R ���u (-'8�u&3�QU%�dV 8�!-/)8�uQU% �P·�X� 8�V)8)"Q1+vQ1'nywQU) # �VX��V% # �!%Y'b&/%w'(�*��. -%�th0S-/t/�_'nyvX^� � d!&h[TX�&/)8Q Q'8QU&h%S-.�&h o��&h.UQ1)"'8QUd � j R ���2)M'( "0�dV'80� 8�2Q1%�'(���2dV&h[TX� 8�V)8)8� # . -/%�t/0S-/th�k-/.U.1&���)Hth�!%*�! (-.UQU)8-'(Q1&h%�j
Rn[TX�&/ "'�-%Z'8.1y/9}'(���e (-'8�f&/3,QU%*d! 8�!-/)8�eQU% ��·�X� 8�V)8)8Qa+vQ1'ny d!-/% # QamD�V u)"0�\�)"'(-/%Y'(QU-/.U.ay ¡P�;8 � ���;:dV&h[uX^&h)"Q1'(Q1&h%S-/.$.U-/%�th0S-th�!)g'(&v&�j R &�QU.U.10�)"'8 (-'8��'8��QU)`X�&/QU%Y'79 R���Q1.U.4d!&h%*)8Q # �! k'n�H&�[u�!-/%�Q1%�t)"XS-/d!�V)!9l\�&'(�x&/3�����Q1d�� d!&h%Y'�-QU% � - �e[u�!-/%�QU%*th)\V � � QU)�d!&h%�)M'( "0�dV'8� # 0�)8Q1%�t � 3��7- '(0� "�!)��Qa'(�®�7-/d��63��7-'80� 8�2'(-@OZQU%�t � +-/.U0��V) ��²

<
� � �

<
�
� 9S-/% # � ± QU)�\�0�Q1.1'�0�)"QU%�t � 3��7- '(0� "�!)��Qa'(� A �]+/-.U0��V)�X��V �3��!-'(0* 8� ��² <

� � �
< A � � j

R ���u (-'8�_&/3ot/ 8&���'(�w&/3}��·*X* 8�!)")8Qa+�Qa'nyw-/)23�0�%�dV'8QU&h% &/3o&h\�)8�V "+-'8QU&h%�)23�&h � � -/% # � ± Q1))"QUth%�QaiSd7-%Z'8.1y # Q1m��! "�!%Y'7j���QUth0* 8�[-�j � � - Q \ � QU.1.U0�)M'( 8-'(�V)k'(��Q1) # Q1m��! "�!%�dV�/j�Ug)8Q1%�t � 3��7- '(0� "�!).1�7- # )|'8&,[�- ·�Q1[]0�[ �P·�X� 8�V)8)"Q1+vQ1'nyb&vd!dV0� 8 "QU%�t,\^�V3�&h "� �  &h\�)"�! "+-'8QU&h%*)!j�Rn%Td!&/%Z'8 (-/)M'79Z)8&/[u� Q�����V 8�2Q1%p'(���s "�!thQ1&h%p&/3 A ¸  &h\�)"�! M+/- '(QU&/%�)�-/ "�s 8�Vcv0*QU 8� # �����!%6&h%*.1y � 3��7-'80� 8�V)�-/ 8�k0�)8�
# j

�2Q1+/�!%q'(���_X� "&h\�.1�![ &/3o "�!X� "�!)"�!%Y'(Q1%�t � - �p[u�!-/%�Q1%�th)!9��H�_�S-7+h�T-�d���&hQ1d!�b\^�V'n�H�!�!%w0�)8Q1%�tA T �
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EXPRESSIVITY AS A FUNCTION OF
OBSERVATIONS

3 FEATURES, 3 VALUES, M=27

compressed
prefix

��QUth0* 8�?-�j �*C ��·�X� 8�V)8)"Q1+vQ1'nyeth 8&���'8�f-/)`-_3�0*%�dV'8QU&h%e&/3|&h\*)8�! M+-'(Q1&h%�)�3�&h �d!&h[TX� 8�V)8)"� # -/% #��&h.UQ1)"'8QUdo.U-/%�th0�-/th�!)Vj/��- ·�Q1[]0�[ ��·�X� 8�V)8)8Qa+vQ1'ny_QU)�-d���QU�P+h� # ��Q1'8�_3��P�o�V H&/\�)8�V "+-'(Q1&h%�)=thQa+h�V%-_dV&h[TX�&h)"Q1'8QU&h%S-.�.U-/%�th0S-th�/j
3��V�H�! k3��!-'(0� "�!)2-% # [u&/ 8�,3��7-'80� 8��+-/.10��!)V9D&h `[u&/ 8�,3��7-'80� 8�V)2-/% # 3��P�o�V k3��7-'80� 8� +/-.U0��V)!jR ���! "��QU)g-b'( 8- # � Q &/m«j R ����[u�!-/%�Q1%�tu)"XS-/dV�!) � � -/% # � ±  "�!X� "�!)8�V%Y'k'(�*��'n�H&���·�'8 8�V[u�V)QU% # �!)"d! 8Q1\�QU%*t � - �®[u�!-/%�Q1%�th)!j0ak3�dV&h0� ")8�/9|-e)8Q1%�th.1�_3��!-'(0* 8�u��Qa'(� � - ��+/-.U0��V) dV&h0�.

# \��0�)8� # 9�\�0*'`'(��Q1)k)"Q1'(0�-'(Q1&h% # &v�!)`%�&/'kX��V 8[TQ1'`d!&h[TX�&/)8Q1'8QU&h%�-/.�)"'8 80�dP'(0� "� C �7-/d��q[T�7-%�QU%�tuQU)# QU)"d! 8Q1[uQ1%S-'8� # X�0* 8�!.ayp&h%p'8���2\S-/)"QU)�&/3«-b)8Q1%�th.1�k+-/.U0��j R ���V)8�� 8�!)"0�.1'8)�)8��&�� '(�S-'}X� 8�P3��! Q 8QU%*t�[T&h 8�g3��7-'80� 8�V)�-/% # 3��P�o�V o3��7-'80� 8�`+/-.U0��V)o.U�!- # )o'8&b- 3�-/)M'(�V }th 8&���'8�pQU%p��·�X� 8�V)8)8Qa+vQ1'nyhjR ��QU)|X*���!%�&/[u�V%�&h%_d7-/%b\^���P·�X�.U-/QU%*� # \Yy]%�&'(QU%*tk'(�S- '|��Q1'8�b�7-/d��_&h\�)"�! M+/- '(QU&/%b&/3�-k[u�!-/% QQU%�t'& )8QUt/%S-/.�XS-/Q1 !9 ² 3��7-'80� 8��+-/.U0��V)k- 8��&/\�)8�V "+h� # j #`)s-T 8�!)"0�.1'!9�X* 8�V3��V 8 "QU%�tT'(��� X�&h)"Q1'8QU&h%QU%p'(�*�s'( (- # � Q &/mf "�FES�VdV'(Q1%�tb'(���,d!-/)8�s'8�S-'�[T&h 8�k3��!-'(0* 8�!)g-/ "�2X� 8�P3��! " 8� # '(&b[T&h "�k3��7-'80� 8�+/-.U0��V)���Q1.U.� "�!)"0�.1'lQU%b'8��� � [u-'8 8Qa·�iS.U.1QU%�t,- 'l-,3�-/)M'(�V H 8-'(�j�Rn%u)"��&h M'79Z'(����3��7- '(0� "�g+-/.10��!)-/ 8�2&h\*)8�! M+h� # -'g-b3�-/)"'8�! � (- '(�2�����!%�-b 8QUd���3��!-'(0� "�,)"'( "0�dV'80� 8��QU)�0*)8� # j
R ���!)"���P·�X^�!dP'(� # +/-.U0��V)6�H�! "��dV&h[uX*0*'(� # 0�)"QU%�t '(�*�w[u-'(�*�![u-'(Q1d7-/.`[u& # �!. # �!)8dV 8Q1\�� #-/\�&�+/�/j #`) &/\�)8�V "+-'(Q1&h%�) -/ 8� #  8-7��%{-'� (-% # &h[®9 # �V+vQ - '(QU&/%B3� "&h[ '8���!)"���P·�X^�!dP'(� # +/-. Q0��!) QU),QU%��P+vQ1'�-\�.U�j���Q1th0� "� -vj A  # �VX�QUdP'(),'n�o&f)"d7-'"'(�V X�.1&/'() # �P'�-/Q1.UQ1%�tp'(���u 8�V)80�.a'()�&/3 � QU% # Qa+vQ # 0S-.D 80*%�)`&3�'(�*��)"QU[]0*. -'8QU&h% # �V)8dV 8QU\^� # -'�'(�*� \^�!thQ1%�%�Q1%�t_&/3«'8��QU)�)"�!dV'8QU&h% � �=cZ0S- Q'(QU&/%�)	-�j A '8&�-�j � � j Xo�P3�&h 8�b[u- ·�QU[�0�[ ��·�X� 8�V)8)8Qa+vQ1'nyBQU)2dV&h%�)"QU)"'8�!%Y'(.ayq 8�!-/d���� # 9�-p��Q1% # &��&/3}+-/ 8QU-'(Q1&h% &�dVd!0� ")!jf�S&h � � 9�'8���u��Q1% # &���&/3�+-/ 8QU-'(Q1&h%BQU) %S-/ 8 "&��,9|Q1' &�dVd!0� ")]QU% '(���iS 8)M' �  &h\�)"�! "+-'8QU&h%*)!j R ���

# �Vth 8�V�2&/3«+-/ "Q -'8QU&h%T��Q1'8��QU%�'8��QU)�X^�! "QU& # QU)oth 8�!-'79�\^�!d!-/0�)"� -)8QU%*th.U��[TQU)8)"QU%�t,+-/.U0*����Q1.U.S�S-7+/�2-�.U-/ 8t/�gQ1[uX�-/dV'l&h%T'(���` 8�!)"0�.1'8QU%�t # �Vth 8�V�k&/3���·�X� 8�V)8)8Qa+vQ1'nyhjR ���! "��-/ "��&h%�.ay A �f3��7- '(0� "�6+-/.10��!) � 'n�o&B3�&h b�!-/d���&3`'8��� � 3��!-'(0* 8�!) � j$So&h%Y'( 8-/)"'_'8��QU)&h\�)8�V "+-'8QU&h%���Q1'8�®'8�S-'g&/3 � ± 9�����QUd��®�S-/) T � 3��7- '(0� "��+-/.10��!)Vj R �*�
# �Vth 8�V� &3�+-/ 8QU-'(Q1&h%
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EXPRESSIVITY AS A FUNCTION OF
OBSERVATIONS

8 FEATURES, 2 VALUES, M=256

compressed
prefix
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EXPRESSIVITY AS A FUNCTION OF
OBSERVATIONS

2 FEATURES, 16 VALUES, M=256

compressed
prefix

��Q1th0� "� -�j �*C ��·�X� 8�V)8)8Qa+vQ1'ny{t/ 8&���'(�x-)b-e3�0�%�dP'(Q1&h%{&/3�&h\*)8�! M+-'(Q1&h%�)�3�&h �d!&/[uX^&h)8Qa'(Q1&h%S-/.-/% # ��&/.UQU)M'(Q1d�. -%�th0S-/t/�!)!j�Rn%  "�!X� "�!)"�!%Y'(Q1%�t � - ��[u�!-/%�QU%*th)!9�'8���! "�_-/ 8�_)8�P+h�V (-/.�d���&hQ1d!�V)�Q1%[T�7-/%*QU%�t�)8XS-d!�g)"'( "0�dV'80� 8�j
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VARIANCE IN EXPRESSIVITY (F=8, V=2)
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OBSERVATIONS (R)

VARIANCE IN EXPRESSIVITY (F=2, V=16)
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OBSERVATIONS (R)

RELATIVE STABILITY AS A FUNCTION OF OBSERVATIONS

S for F=8 V=2
S for F=2 V=16
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FROM SCRATCH: SMALL EXPRESSIVE HYPOTHESES
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