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TOH: RESPONSE TIME CURVE ( ANDERSON HUMAN DATA, # of disc = 2)
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TOH: RESPONSE TIME CURVE ( ANDERSON HUMAN DATA, # of disc = 2)
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TOH: RESPONSE TIME CURVE (ANDERSON HUMAN DATA, # of disc = 3)

HUMAN   

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (ANDERSON HUMAN DATA, # of disc = 3)
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TOH: RESPONSE TIME CURVE (ANDERSON HUMAN DATA, # of disc = 4)
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TOH: RESPONSE TIME CURVE (ANDERSON HUMAN DATA, # of disc = 4)
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TOH: RESPONSE TIME CURVE (ANDERSON HUMAN DATA, # of disc = 5)
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TOH: RESPONSE TIME CURVE (ANDERSON HUMAN DATA, # of disc = 5)

HUMAN   
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TOH: RESPONSE TIME CURVES ( HUMAN DATA, # of disc = 4 )
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TOH: RESPONSE TIME CURVES ( HUMAN DATA, # of disc = 4 )
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TOH: RESPONSE TIME CURVES ( HUMAN DATA # of disc = 5 )
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TOH: RESPONSE TIME CURVES ( HUMAN DATA # of disc = 5 )

HUMAN

�r(8SB692$0!�O]�&�'90�2$0�)5+1AB:�)$0P4$(;G!0�7.-/4$-xA?\Z&MA_DF032�A?\F~|-?:9AB(�\m2$ABG¦d%:.79032N)5AB:¥-?:�7b�,03C.(8032$0pe»Ì��?�?�Bg=T!&�DFAx>3-?)$0�)
-/2$0w(*:�>3I;6�790�7}T



� 	�����	u��� ��	u�H��� Ì_�

OFAB:�7.(84$(8AB:����%A9TLA?\r7.(;)5QL) � � � �
�%A!y?032$C.-?I;(;��-/4$(8AB: fLTÈf fLTÇÌ Ì/T½� �OT½�
��032$C.-?I*(8��-/4$(8AB: fLTÈf fLTÈf fLT#� Ì/T½�

��(;SB692$0 �O]u&�'�0�)$(;GJ6�I;-/4$(8AB:
A?\ ��-/SB:90w-?:.7lULG!(84$'ae»Ì������Bg=X1(;:x45032NGv)�A?\�GH0�-?:z:O6�GwC1032�A?\r0@K9>@0�)$)`GHAhy?0�)3T

&�'�0�+.-/2N-?GH0345032N)u\iA?2Z790345032NG!(;:.(;:9S�)545AO>='�-?)54$(;>`)50�I80�>@4$(8AB:HA?\1AB694$>@ABG!0�)qC1034EDF030�:!4$'90`4EDFAPI803y?0�I;)rDF032$0`)$034u-/4
����� 6 �(H ������� 6:Ì
es)5030Pd%+�+10�:�7�(«Kk\iA?2|79034$-?(;I;)=g=T��9A?2�>3-/+�4$692N(*:9SH4$'90w'90�-_yO(;032`2$0�I;(*-?:�>@0�AB:z4$'�0�45A?+lI803y?0�I,CRW
4$'90Hy?032$Ct-?I;(8��-/4$(8AB:[S?2$AB69+�es(*:b>@A?2$2$0�)5+1AB:�790�:.>@0JD%(84$'[4$'90HQO:�A_D`:¥0@ª10�>@4�A?\uy?032NC.-?I;(8��-/4$(8AB:L¨¡)$69CL�50�>@4$)�C10�>3-?GH0
GHA?2$0P0@KO+tI;(;>3(84X[�UO4$-?:�I803Wx034�-?I Ì��?�?�OX,UL6�:{034|-?I �/f?f#Ì_g=X1DZ0�>N'.-?:9S?0�7[4$'90w+.-/2=-?GH0345032N)|45A � ��� 6 Ì�H � ����� 6 �
(;:x4$'90P)$(;GJ6�I;-/4$(8AB:
A?\r4$'90	y?032$C.-?I*(8��-/4$(8AB:pS?2$AB6�+}T

OFA?2N2$0�)5+1AB:�7�(;:�SH45A
4$'�0P'O6�G!-?:l0@KO+1032N(;G!0�:<4$)3X�4$'90�)545A?+�+.(*:9Sv>@2N(845032=(8AB:l7.692N(;:9SH452=-?(;:�(;:9SvDF-?)|4$'�-/4	-
)$(;G�^
6�I;-/450�7{)$69CL�50�>@4�2$0�-?>N'�0�7p4$'90 =5-?I;G!AB)54�^ºA?+�4$(;G!-?I ?HGHA_y?0�)%\iA?2|��>@AB:�)50�>3694$(8y?0w03+.(;)5AL790�)3X9-?:�7pD�-?)�4$'O6�) =5)54$-/CtI80@?
emD`'9032N03CRW�=5-?I;GHAB)$4`A?+�4$(;Gv-?I ?�DF-?)|7903V.:�0�7z-?)�D`(;4$'�(;:�Ì �/f
	jA?\�4$'�0wA?+�4$(;Gv-?I}:R6.GwC1032�A?\qGHAhy?0�)=g=XtA?2%2$0�-?>N'�0�7
4$'90wGv-�KL(;Gv-?I}I;(;G!(;4FA?\r452N-?(*:�(;:9SH03+.(*)5AO7�0�)wemD`'�(;>='pD�-?)%����� :R6�GPC1032�A?\�7�(;)5QL) g=T�
{o©:z>3-?I*>36�I;-/4$(;:9Sv4$'90w7903+10�:L^
790�:R4`GH0�-?)$6�2$0�A?\r4$'�(;)�4$-?)$Qbem4$'�0PGH0�-?:l:R6�GPC1032�A?\r0@KL>@0�)N)`GHAhy?0�)=g=XtV.2N)543X�4$'90PGH0�-?:{:O6�GPC�032`A?\�45A?4$-?I�GHAhy?0�)
D�-?)	>3-?I;>36�I;-/450�7b-?)�4$'90�S?2$AB6�+aGH0�-?:[A?\u4$'90!-_y?032N-/S?0v:O6�GwC1032�A?\ZG!A_y?0�)	A?\Z4$'90HI;-?)54�4$'92$030�03+.(;)$AO790�)�T�&�'90�:�X
4$'90`:O6�GPC1032qA?\10@KL>@0�)$)ZGHA_y?0�)	emC103W?AB:�7H4$'�0`G!(;:�(*GP6�G :O6�GPC�032uA?\1:�0�>@0�)$)$-/2$WHGHAhy?0�)=g�D�-?)u>3-?I*>36�I;-/450�7!AB:!4$'�-/4
C.-?)$(*)3T

��� � � "L �� � � �/f[GHAO7�0�I<=5)$6�CL��0�>@4$) ?zDF032$0
)N(;GP6.I;-/450�7c(;:c0�-?>N'�S?2$AB6�+}T{&�'90v2$0�)$6�I84PA?\�AB692�)$(;GJ6�I;-/4$(8AB:
(;)H)$'�A_D`:�(;:��r(8SB692N0 �OT�d|:�-?I8A?S?AB6�)H45Ab4$'�0z-?:�-?I8WL)$(;)JA?\%4$'�0x'O6�G!-?:�7.-/4$-LXFd|� ¯ �rd�es:O6�GPC�032HA?\|7�(;)5QL) �

y?032$C.-?I*(8��-/4$(8AB:�y?032N)$6.)q:9A	y?032$C.-?I*(8��-/4$(8AB:tg�(;:.7�(;>3-/450�7�4$'�-/4u(*:P4$'�0`GHAL790�I97�-/4$-LX<4$'�032$0�DF-?)ZI;(8Q?03D`(*)50F-w)$(8SB:�(8Vt>3-?:<4
G!-?(;:z0@ª�0�>@4%C�034YDZ030�:{y?032$C.-?I;(;��-/4$(8AB:{-?:�7{:9AHy?032$C.-?I;(;��-/4$(8AB:ce 3 � f�0Èf#Ì_g=X�>@AB:�V�2NG!(;:�SJ4$'�0�y?032$C.-?I;(;��-/4$(8AB:p0@ª10�>@4
(;:x4$'90P'R6�Gv-?:p7�-/4$-!-?)�DF0wGH0�:R4$(8AB:90�7z0�-/2NI;(8032�T

o�:l-?7.7�(84$(8AB:�X.DZ0�>@ABGH+.-/2$0�7l4$'�(;)`C1A?4545ABG�^E69+¥)$(;GJ6�I;-/4$(8AB:pD%(84$'{-&� ��� � ��� ����� Q��H)$(;GJ6�I;-/4$(8AB:}X.(;:zD%'�(;>N'{4$'90
45A?+{I803y?0�I�D�-?)�(;:
0@ª10�>@4`)$'O694�79A_D`:}Tq&�'�(;)ZC1A?4545ABG�^ºAB:�I8W
)$(;GJ6�I;-/4$(8AB:�)�>@AB:�)N(;)5450�:R4$I8W!\s-?(;I80�7
45A!I80�-/2N:�XLD`'.-/4503y?032
�?ËiÂh»È¼/�%µÇ´©¶º¼�»È²ÇÉ�¸º²�¸º¹�´qÅ5¿N¼�´Z²NÄ ��� � 0��,Â_»È¼/�_¼�·�Á?´�Å5¿NÃ�¼�´q¸º¹�»È¼�¸E¿=¼/�%³1¿=¼M¹�»ÈÌÇ¹hÆÈÀ%¶º´�Å�Ã_¶º¼�»½µÇ´ÇÍ &1¹�´�¸�¶E¿NÉ�¼sÄ«´Y¶M¸º²�¸º¹h´���� � 0��}Å5¿N¼�´u³1¿=¼
¿=Å©Å�²Ç¾�ÊhÆ½»È¼�¹h´5Â�Á3À%¸º¹_¶º´�´qÅ�²ÇÉh¼�´�Å�Ãh¸º»Èµ@´q¼s¸E¿NÌÇ´�¼�¿=Ê�ÊhÆÈ»½´�Â|¶º´�Å�Ãh¶º¼�»Èµ@´©ÆÈÀ�� � 0 ��¾�²NµÇ´�¸º¹�´ �J¼�ÃhÁhË;¸º²5³1´©¶ �;¿=ÆÈÆOÂh»È¼/��¼MÁhÃh¸}¸º¹�´qÆ½¿N¶ºÌ=´�¼s¸��}Ä ¶º²Ç¾
¸º¹�´,²=¶º»ÈÌ=»½É�¿=Æ<Ê?´�Ìq¸º²u¸º¹h´�¼�Ê/¿$¶º´�Ê?´�Ì_· �%$ �t¾�²$µ@´}¸º¹�´,Æ½¿N¶ºÌÇ´©¼s¸,Âh»È¼/� ��� � 0��.ÄÏ¶º²=¾�¸º¹�´,²=¶º»ÈÌÇ»ÈÉ�¿=Æ<Ê?´�Ìu¸º²q¸º¹�´}¸E¿N¶ºÌ=´©¸}Ê?´�Ì_·�¿NÉ/Â ��3 �.¾�²NµÇ´
¸º¹�´ �
¼�Ã�Á_Ë;¸º²$³�´©¶�ÄÏ¶º²=¾ ¸º¹�´�¼�Ê�¿N¶º´�Ê?´�Ì|¸º²|¸º¹h´�¸E¿N¶ºÌ=´©¸uÊ?´�ÌhÍ &1¹�´�¶ºÃhÆ½´©¼uÆÈ´5¿$¶ºÉ�´5ÂP»½ÉP¸º¹�´��?ËiÂh»È¼/�wÅ5¿=¼�´�Å5¿NÉ�Á?´�Ã�¼�´�ÂP¸º²�Å5¿$¶�¶�ÀJ²=Ãh¸
Âh»%$B´©¶º´©É�¸}¼s¸E¿NÌÇ´�¼,²=Ä9¸º¹h´ ��� � 0 �iËiÂ_»½¼/��Å5¿N¼�´ÇÍ

� � ²=¸º´q¸º¹/¿$¸M³}¹h´�É��s¿=ÆÈ¾�²=¼s¸r²ÇÊ_¸º»È¾�¿=Æ���Ê?´©¶�Ä«²N¶º¾�¿=É�Å©´u³1¿=¼�¿NÅY¹h»½´©µ@´5Â<·?¿�¼�´Y¸r²=Ä" 
!" l¶ºÃ�ÆÈ´�¼M³�´©¶º´F´�)_¸�¶E¿NÅ©¸º´5Â|¸º¹�¿N¸rÅ©²=¶�¶º´�¼�Ê?²=É/Âh´�Â
¸º²F¸º¹h´r¼�´��3Ã�´�ÉhÅ�´�²=ÄL¼s¸º´�Ê�¼�Í



� 	�����	u��� ��	u�H��� Ì��

+.-/2N-?G!0345032Hy�-?I;6�0�)PDF0
452N(80�7�X�03y?0�:�D`'�0�:�SB(;y?0�:1Ì3f[4$(;G!0�)J-?)HGv-?:<Wa452=-?(;:�(;:9Sl452N(;-?I;)�T¥&`'�(;)�2N0�)$6�I84�)5452$AB:9SBI;W
)$69S?S?0�)$450�7�4$'90
(*GH+1A?2$4$-?:�>@0!A?\�45A?+�^EI803y?0�I�0@KO+tI;(;>3(84�QL:9AhD`I80�79S?0
-?:�7�C�A?4545ABGH^E69+�I;0�-/2N:�(;:9S�¨ £¡(;4$'9AB694J4$'90�GpX
4$'90%4$-?)5QHDF-?)F'�-/2N7v45AJI;0�-/2N:�T ¯ :!4$'90%A?4$'9032�'�-?:�7�XRD`(84$'9AB694�4$'�0`C1A?4545ABG I;03y?0�I�XR4$'�0`45A?+xI803y?0�I.>@AB6�I*7v:9A?4FI80�-/2N:
0XYv>3(80�:R4$I8W
0�(84$'9032wemC10�>3-?6�)50P(84�'�-?7p45A!2$0�I;WvAB:p2N-?:.79ABG )50�-/2N>='tg=TZ&�'�0�)50�4EDFAv\s-?>@4$)�DF032$0�>@AB:�)$(;)$450�:<4�D%(84$'
AB692
=5)5WL:9032$S?Wz'RWR+1A?4$'90�)N(;)J?H0�-/2NI*(8032Jes)5030!UL6�:l-?:�7 L�0345032N)$AB: Ì��?�?�OXMU96�:p034�-?I �/f?f#Ì_g=]`&`'90�2$0�-?)5AB:[D`'RWx4$'9032$0�-/2$0
4$'90�)50J4EDFAx7�(;)54$(;:.>@4`I803y?0�I;)|(;)�C10�>3-?6�)$0wA?\�4$'90�)5WL:9032$S?Wp4$'�-/4|G!-�WzC10PS?0�:9032N-/450�7[\i2NABGn4$'90J(;:R45032N-?>@4$(8AB:lA?\q4$'90
4EDFAxI803y?0�I;)3T�&�'90w(*:<45032N-?>@4$(;AB:zA?\�4$'90P4EDFAkI803y?0�I;)%'90�I8+.)�45Ak(;GH+.2$A_y?0JI80�-/2N:�(;:�S9X�-?:�7��hA?2`\s-?>3(;I;(;4$-/450w+1032$\mA?2NG!-?:�>@0
-?:�7p452=-?:�)5\m032PeºUL6�:x034`-?I �/f?f#Ì_g=T

~%A_DF03y?032�X�4$'92$AB69SB'9AB6�4�AB692�0@KL+�032=(;GH0�:R4$)3XL4$'90�C1A?4545ABG�^E69+{)N(;GP6.I;-/4$(8AB:bes-?)�DF0�I;I�-?)�4$'�0	C�A?4545ABGH^ºAB:�I8Wp-?:�7
4$'90�45A?+�^ºAB:�I8Wp)$(;GJ6�I;-/4$(8AB:�gZ\m-?(;I;0�7p45Ak>3-/+�4$6�2$0�4$'90w­r& 7�-/4$-!2$03+1A?2$450�7{0�-/2NI;(8032_TZ&�'903W
\s-?(;I80�7p45A
>3-/+�4$692$0�4$'�AB)50
+10�-/QO)u(;:�4$'90�­r&¤7�-/4$-LXRD`'�(;>='�DZ0�C10�I;(803y?0�7�2N03§�0�>@450�7!+.I*-?:�:�(;:9S|-?:�7HS?AB-?I92N0�>3692N)$(8AB:zem0�)$4$-/C.I;(;)$'.(;:9S�-�)50��O690�:�>@0
A?\�)$69C�S?AB-?I*)=gF(;:x4$'90�'O6�G!-?:p+1032$\mA?2NG!-?:.>@0?T

� � � � *"'�'�* 
 ��� � �7) 
�� !1��' )1*�+ �

£b0�D�-?:<4r45A	>@ABGH+.-/2$0�4YDZA�+1AB)$)$(8Ct(;I;(84$(80�)1A?\�)$(;GJ6�I;-/4$(;:�S�4$'90�&,AhDZ032�A?\�~%-?:�AB(R4$-?)$Qt]�AB:90FD`(84$'J£¢�n-?:�7 ��UJ-?:�7
4$'90|A?4$'9032�D`(84$'�AB6943XRC1A?4$'kC.-?)50�7
AB:
C1A?4545ABG�^E69+pI80�-/2N:�(*:9Skes(�T�0?T8X�­�]u­|g=TL&�'90|2$0�-?)5AB:
45AH(;:Ry?ABI8y?0|£¢� ����U
D�-?)
C10�>3-?6�)50�4$'�0`6�)50�A?\�£ � ����UHD�-?)q+.2$03y�-?I;0�:<4u(*:H4$'903A?2N(8��(*:9S	AB:v>@A?SB:�(;4$(8y?0%)5QL(;I;I9-?>3�O6�(;)N(84$(8AB:�XB-?:�7k(;:H+.-/2N4$(;>36�I;-/2
(;:P+�2N(8A?2�GHAL790�I;(;:9S`A?\.& ¯ ~PTh&�'�032$03\iA?2N0?X?DZ0F0@KO450�:.790�7J4$'90Z+.2$03yO(;AB6�),)$(*GP6�I*-/4$(8AB:w-?:�7�>@AB:�7.6�>@450�7w4$'�0Z\mABI;I8AhD`(;:9S
C1A?4545ABG�^E69+v)N(;GP6.I;-/4$(8AB:H-?7�7�(*:9S�C�A?4$'!£¢� -?:�7 ��U�TB&�'90%)$-?GH0`-?)u0@KO45032N:.-?I�-?>@4$(8AB:�)3XO-?I;I�-?>@4$(8AB:.)qAB:H£ � -?:�7
��U
DF032$0wI;0�-/2N:90�7�X94$'92NAB69SB'xC1A?4545ABG�^EI803y?0�I}Ct-?>$QO+�2$A?+.-/SB-/4$(8AB:l:9034EDFA?2$QL)`-?:�7z4$'92$AB69SB'p45A?+�^EI803y?0�I}­�]Z­ 2N6.I80�)3T

��� � � % ��� 	�	5�Q ��� T|&,Ax(;GH+tI80�GH0�:R4�4$'�(;)%)$(;GJ6�I;-/4$(8AB:�XtDZ0�)5034�69+{4$'�0P\mABI;I8AhD`(;:9S9]	e»Ì_g%�9A?2	790�>3(;7�(;:�S!AB:
0�-?>N'¤4EWO+�0pA?\|-?>@4$(8AB: em0@KL45032N:�-?I�X ��U�XrA?2!£ � -?>@4$(;AB:�)=g=Xu4$'�032$0p(;)H-¥>@A?2$2$0�)5+1AB:�7�(*:9S[:�034EDFA?2$Q�-?:.7�-[>@A?2N2$0@^
)5+1AB:�7�(*:9Sw)5034�A?\,­�]u­¢2N6�I;0�)3XR2N0�)5+10�>@4$(8y?0�I8W?T`e �BgZ&�'90�(;:9+.6�4u45A�0�-?>N'z:�034EDFA?2$Qk(;)Z4$'90	)$-?GH0?X9(;:.>3I;6�7�(;:�S�)50�:�)5A?2$W
(;:9+t6943XR4$'�0�45A?+ ��Ux(;450�GpX�-?:�7x£ � (;450�G!)3T`e��Bg�&�'�0|AB6�45+.694�A?\�4$'90�:9034EDFA?2$QL)`(;:.>3I;6�790|0@KO45032=:�-?I}-?>@4$(8AB:�)�X ��U
-?>@4$(8AB:�)�-?:�7
£ � -?>@4$(8AB:.)3XR2N0�)5+10�>@4$(8y?0�I8W?T`em�RgZd�4�0�-?>N'z)54503+,XO(8\�4$'�0�-?>@4$(;AB:�)�-/2$0|7�0�>3(;790�7kCRW!4$'�0|45A?+pI803y?0�IºXRDF0
6�)50�4$'90�0@K9(;)5450�:R4�­�]Z­ 2N6�I80�)5034$)	45ApS?034	4$'92N030�-?>@4$(;AB:�)©¨�0@KL45032N:�-?I�X ��U{A?2�£¢� -?>@4$(8AB:�)X[�(8\q4$'90H-?>@4$(8AB:.)�-/2$0
790�>3(;7�0�7xCRW
4$'90�C1A?4545ABGjI803y?0�IºX�DZ0�)$0�I80�>@4`-?:z-?>@4$(8AB:{\i2NABG 4$'90	AB6945+.6�4�A?\�0�-?>='{:9034YDZA?2NQbem\mA?2`0@KL45032N:�-?IºX9£¢�cX
-?:�7 ��Uz-?>@4$(;AB:�)`2N0�)5+10�>@4$(8y?0�I8W�g=T	e��Bg`&�'90P>N'9AB)50�:¥-?>@4$(8AB:.)%-/2$0J>@ARA?2=7�(;:�-/450�7l(;:z0@KL0�>3694$(8AB:�X�-?:�7z4$'�0w45A?+¥I803y?0�I
-?:�7p4$'�0	C�A?4545ABG I803y?0�I}-/2$0P69+�7�-/450�7x4$'90�:�T

OFABG!+.694$-/4$(8AB:�-?I*I8Wv)5+10�-/QL(;:9S9X ��Ux(*)�:9A?4�:90�>@0�)$)$-/2NW?Tu¬�694�DF0�(;:�>3I;6�7�0�7 �wUx(;:
4$'�(;)�GHAL790�I�X9C10�>3-?6�)$0	4$'9032$0
DF032$0|(*:�7�(;>3-/4$(8AB:.)q4$'�-/4 ��UvDF-?)�6�)$0�7k(;:k'R6.G!-?:v+1032$\mA?2NG!-?:.>@0Jesd|:�79032N)5AB: Ì��?�?�OXoÌ��?�?�Bg=TF�9A?2�AB692�)$(;GJ6�I;-/4$(8AB:�X



� 	�����	u��� ��	u�H��� Ì��

0�-?>N' ��Ux(;450�Gj(;:�>3I;6.790�7v4$'�0�\iABI*I8A_D`(*:9SH(;:9\mA?2NG!-/4$(8AB:bes>@AB:�>@032N:.(;:9S!C1A?4$'p-!)$6�C�45A_DF032%-?:�7p-!\iAL>3-?I}7�(;)$Q9g=]

$�UOo$� ]`]tUL(8�30	A?\qU �%¬�& ¯ £=]u­
�r­ ¯ �c] O�6�2$2$0�:R4F+103SHA?\uU �|¬�& ¯ £=]u­
& ¯ ]�&M-/2NS?034`+103SHA?\uU �%¬�& ¯ £=]u­
$�UOo$� ] Ì/]FUL(8�30�A?\�� ¯ O�d|��^ $|o$U _
�r­ ¯ �BÌ/] O�6�2$2$0�:R4�+�03SHA?\r� ¯ O�d%�}^ $%o$U _
& ¯ Ì/]u&�-/2$S?034�+103S!A?\r� ¯ O�d|��^ $|o$U _

d )$69C�45AhDZ032J(;)	-z)5034�A?\�7�(;)$QO)	-/4�4$'�0!45A?+aA?\�-x+103S9Tv&�'90H\mAO>3-?Iu7�(;)5Q[(;)�4$'90!7�(;)$Q{C10�:90�-/4$'a-z)N69C�45A_DF032�T!o�:
0�-?>N' ��Uz(8450�GpX.& ¯ -?:�7l& ¯ Ì�790�)N>@2N(8C10	4$'90w(;:R450�:�790�7{A?+1032N-/4$(8AB:�)3X.D`'�(;I80�A?4$'9032�(8450�G!)%790�)$>@2N(;C�0	4$'�0w>3692$2$0�:R4
)54$-/450?T��p�{6�I;4$(8+.I80|S?AB-?I,(8450�Gv)�>@AB6�I;7xC10�)545A?2$0�7l(;: ��U�X9AB:�0�AB:p45A?+{A?\r-?:9A?4$'9032_T

d )N(;GH+.I80|-?:�7k+.I;-?6�)$(;C.I80`)5034FA?\,S?AB-?I12N0�>3692N)$(8AB:v2N6�I80�)F(;)F-?)�\iABI*I8A_D`)�es>@\©TLd|:�79032=)5AB:SÌ��?�?�Bg=X.D`'9032$0|\m6.:�>@4$(8AB:
� ¯ O (;:�7�(;>3-/450�)J4$'90p+103SbAB:�D`'.(;>N'�-b7�(;)$Qc(;)HI8AL>3-/450�7�XF\m6�:.>@4$(8AB:¤UOo5�1] (;:�7�(;>3-/450�)�4$'�0z)$(8�30xA?\|-b7.(;)5Q�Xu-?:�7
$�UOo$� ]�X�U �|¬F& ¯ £=]u­wXO� ¯ O�d%�}^ $|o5U _ 034$>/T92$03\m032�45A�4$'90|>@A?2N2$0�)5+1AB:�7�(;:�SP>@ABGH+1AB:90�:R4$)FA?\}4$'90�45A?+xS?AB-?I�(8450�G
AB: ��U1]

o©\#$�UOo$� ]�� fLX14$'90�:[+.6�)$'[-
:903D S?AB-?Ir\iA?2�GHA_yL(;:9Sx-x)$69C�45AhDZ032�A?\F)$(8�302$	ULo5� ]q^iÌw45Ax4$'90�)5+.-/2N0
+103S!-?:�7z\iA?2`G!A_yL(;:9S!4$'90�7.(;)5QvA?\�)$(;�30 $	ULo5� ]¤45Av(84$)�4$-/2$S?034%+103S9T

o©\ $	ULo5� ] 6 fLX�4$'90�:{G!-/Q?0w-!GHAhy?0wA?\r� ¯ O�d|��^ $|o$U _ 45Ak(84$)�4$-/2$S?034`+103S9T

o©\�� ¯ O	eºU �%¬�& ¯ £;]Z­|g.6�& ¯ -?:�7a� ¯ O	es� ¯ O�d|��^ $|o$U _Pg��6 & ¯ Ì/X}4$'90�:aGHAhy?0k� ¯ O�d%�}^ $|o5U _
45Ak(84$)�4$-/2$S?034%+�03S9T

o©\r� ¯ O	eºU �%¬�& ¯ £;]Z­|g.6�& ¯ -?:�7p� ¯ O	es� ¯ O�d|��^ $|o$U _Pg.6�& ¯ Ì/X94$'90�:p+1A?+z4$'90�>36�2$2$0�:R4�S?AB-?I�T

­`0�>3-?I;I`4$'.-/4
-�)$(;G!(*I;-/2v)5034
A?\�2N6�I;0�)!D�-?)
'.-?:�7L^E>@AL790�7�(;:R45A�4$'90lGHAL790�I|(;:¤4$'�0[d�O�&�^E­ )N(;GP6.I;-/4$(8AB:¤A?\
d|:�79032N)5AB:�e»Ì��?�?�Bg=Tw~%A_DF03y?032�X,(;:l4$'�(;)|)$(;GJ6�I;-/4$(;AB:�X.DF0H7�(;7{:�A?4�6.)50P)$6.>N'¥'�-?:�7L^E>@AL790�7�X1-
+�2N(8A?2=(�2N6�I80�)|(;:l4$'90
GHAL790�I�TZ£b0wD�-?:<4%4$'90wGHAL790�I}(84$)$0�I8\M45A
I80�-/2N:z)$ABGH034$'�(;:9Sv4$'�-/4%'�-?)`0�)$)50�:R4$(;-?I;I8W
4$'90w)N-?GH0w0@ª10�>@4Jes(;:zC�A?4$'{4$'90
C1A?4545ABGnI803y?0�I,-?:�7p4$'90	45A?+[I803y?0�Iig=T

��� � � "# �� �qTF&�'90	2$0�)N6�I84�A?\rAB692`)$(*GP6�I*-/4$(8AB:x(;)�)$'9AhD`:z(;:{��(;SB692$0P�RTZd|:�-?I8A?S?AB6.)�45Av4$'90P-?:�-?I8WL)$(;)�A?\r4$'90
'O6�G!-?:p7�-/4$-LX�d|� ¯ �rd es:O6�GPC1032FA?\r7�(;)$QO) ��y?032$C.-?I*(8��-/4$(8AB:xy?032N)$6.)�:9AHy?032$C.-?I;(;��-/4$(8AB:tgZ(;:�7�(*>3-/450�7k4$'.-/4�(;:x4$'90
� � ²=¸º´�¸º¹/¿$¸F¸º¹�»È¼Z¼�´©¸�²NÄ�»ÈÉhÄÏ²=¶º¾�¿$¸º»½²=É!»½¼Z¶º´5ÂhÃhÉ/Â�¿NÉ3¸5Í��h²=¶�´�)�¿N¾�Ê�ÆÈ´Ç·9³�´%¹�¿$µÇ´Ç·.Á�ÀJÉ�´�Å©´�¼�¼�»�¸mÀ3·	�  +�

���  +�
�0Ç·��qÎ���� !��

�qÎ���� !�0}Ë 0Ç·_¿NÉ/Â &�+{¼�Ê?´©Å�»! /´�¼�¸º¹h´M²=É�Æ�À�Ê?´�Ì�¸º¹�¿N¸1»È¼�Â_»%$B´©¶º´�É3¸tÄ ¶º²Ç¾��  +�

���  +�
�0M¿=É�Â�&�+ 0=Í��mÉ`¿ÇÂhÂh»�¸º»È²ÇÉ<·3³1´�Å�¿=É`¿=¼�Å�´Y¶�¸E¿=»ÈÉ
�  +�

���  +�
�0ZÄÏ¶º²=¾ ²ÇÁ�¼�´Y¶ºµ_»ÈÉhÌ%¸º¹�´ZÅ�Ãh¶�¶º´©É�¸qÅ©²ÇÉ  �ÌÇÃ_¶E¿N¸º»È²ÇÉh¼�²=Ä1¸º¹h´FÊ?´�Ì=¼�Í &1¹�Ã�¼�·<¸º¹�´�²=É�Æ�À	¸m³�²�Ê�»È´�Å�´©¼�²=Ä�»ÈÉhÄÏ²=¶º¾�¿$¸º»½²=ÉP¸º¹�¿N¸
¿N¶º´�Éh´�Å�´�¼�¼º¿$¶�À�¿$¶º´��qÎ���� ! 0�¿NÉ/Â &�+ 0=Í



� 	�����	u��� ��	u�H��� �/f

OFAB:�7.(84$(8AB:����%A9TLA?\r7.(;)5QL) � � � �
�%A!y?032$C.-?I;(;��-/4$(8AB: fLTÈf Ì/T � �OT#� Ì3fLT½�
��032$C.-?I*(8��-/4$(8AB: fLTÈf fLT�� fLT½� �OT½�

��(;SB692$0P�R]u&�'�0�)$(;GJ6�I;-/4$(8AB:
A?\ ��-/SB:90w-?:.7lULG!(84$'ae»Ì������Bg=X1(;:x45032NGv)�A?\�GH0�-?:z:O6�GwC1032�A?\r0@K9>@0�)$)`GHAhy?0�)3T

GHAL790�I�7�-/4$-LX94$'9032$0�D�-?)F-�)$(;SB:�(8V.>3-?:R4FGv-?(;:v0@ª10�>@4�C1034EDF030�:xy?032$C.-?I;(;��-/4$(8AB:x-?:�7k:�AJy?032NC.-?I;(8��-/4$(8AB:¥e 3 � f�0Èf#Ì_g=X
>@AB:9V�2=G!(;:9SH-/SB-?(;:p4$'�0�y?032$C.-?I;(;��-/4$(8AB:x0@ª�0�>@4%DZ0P7�(;)$>36�)N)50�7�T

~%A_DF03y?032�X�-?)!(;:�4$'90x+�2$03yL(8AB6�)�)$(;GJ6�I;-/4$(8AB:}X�4$'.(;)�)$(;GJ6�I;-/4$(8AB:�\m-?(*I80�7c45Aa>3-/+.4$692$0x4$'90p­r& 7�-/4$-¥2$03+1A?2$450�7
0�-/2NI;(;032�X�(;:x+.-/2$4$(*>36�I;-/2�4$'9AB)50�+10�-/QL)�4$'�-/4`Gv(8SB'<4�2N03§�0�>@4�+.I;-?:.:�(;:9S�-?:�7pS?AB-?I,2$0�>3692N)$(;AB:�T

&�'.(;)H>@ABGH+.-/2N(*)5AB: emC1A?4545ABG�^E69+�I80�-/2=:�(;:9S¥D`(84$'�A?2vD`(84$'9AB694 �wU��h£¢�¥g�)$'�A_D`)H4$'.-/4 ��U��h£ � 79AO0�)!:9A?4
G!-/Q?0bGJ6�>N' 7�(8ª�032$0�:.>@0[-/4p-?I;I�X%(;:�4$'�0¥>@AB:R450@KL4pA?\wC1A?4545ABG�^E69+ I80�-/2N:.(;:9S¡es­�]u­¦-/4p4$'90[45A?+ I803y?0�Iig=T o©4p(;)
+1AB)$)$(8CtI80w4$'�-/4�(*:lA?4$'�032�>3(82N>36�G!)$4$-?:�>@0�)3X ��U��h£ � G!-�W¥G!-/Q?0v-x)$(8SB:.(8V.>3-?:R4|7�(8ª�032$0�:.>@0?TP&�'90�\mABI;I8AhD`(;:9S
4EDFA
)$(;GJ6�I;-/4$(;AB:�)�-?7�792$0�)$)�4$'�(;)�(;)$)N690?T

� ��� �$* ��� ,&* �U+ ��) 
��9!��.' )�*�+ �

&�'�(*)P-?I845032=:�-/4$(8y?0z)$(;GJ6�I;-/4$(;AB:cA?\%4$'90p& ¯ ~ 4$-?)5Q�D�-?)H-?(;GH0�7�-/4H790�GHAB:�)$452N-/4$(;:9S¥4$'90p6�)50xA?\ =�V9KO0�7�2=6�I80�)J?LX
-?I8AB:9Sl4$'90kI*(;:90HA?\�d|:�79032N)5AB: :È)ve»Ì��?�?�BgJGHAL790�I�XM(*:a>3-/+�4$692N(*:9S{'O6�G!-?:c7.-/4$-LT ¯ 692P)N(;GP6.I;-/4$(8AB:a-?I;)$A{(;:Ry?ABI8y?0�7
4$'90�C1A?4545ABG I803y?0�I�XRD`'�(;>='HG!(8SB'R4u(;:R45032$\i032N0�D`(84$'H4$'�0�45A?+9^EI803y?0�It��­%)3Tq&�'9032N03\iA?2$0?XO>@ABGH+.-/2$0�7vD`(84$'!d|:�79032=)5AB:":È)3X
4$'�(;)v>@AB:�)54$(84$69450�7�-cGHA?2$0l>@ABGH+.I80@K�)$(;GJ6�I;-/4$(8AB:}XZ6�)$(*:9Sb-cGHA?2$0l>@ABGH+.I803450{>@A?SB:.(84$(8y?0{GHAL790�I�4$'.-/4v(;:Ry?ABI8y?0�7
C1A?4$'c0@KL+.I;(*>3(84w-?:�7�(;GH+.I*(;>3(84�QO:�A_D`I80�7�S?0¥es­`03C�032�Ì��?�?�OXFUO03S?032'Ì��?���9XFU96�: Ì��?���9X �/f?f
�Bg=Ta�.692$4$'9032NG!A?2$0?Xr4$'�(;)
)$(;GJ6�I;-/4$(;AB:P0@KL+.I8A?2N0�7P45A?+�^E79A_D`:les(�T�0?T8XB0@KL+.I;(;>3(84�^º45A/^E(*GH+.I;(;>3(;4=g�I80�-/2N:.(;:9S%(*:�4$'90�& ¯ ~¤4$-?)$Qxe��l-/4$'903D`)u034q-?ILÌ��?�?�OX
­�03S?0�'�2%-?:�7p¬F2$AOA?QO),Ì��?�?�Bg=T

&�'.(;)�-?I845032N:.-/4$(8y?0v)$(;GJ6�I;-/4$(;AB:bA?\�& ¯ ~ DF-?)J-?I;)5Al-?(;GH0�7c-/4J790�GHAB:�)$452N-/4$(;:9Sz4$'�0!2$ABI80!A?\�S?AB-?IF)54$-?>NQc-?:�7
DFA?2$QO(*:9S|G!0�GHA?2$Ww(;:J>3-/+�4$692=(;:9S%'O6�G!-?:�7�-/4$-LX?0@KL450�:�7�(*:9S|d|:�79032=)5AB:":È)�e»Ì��?�?�BgrGHAL790�I�TFes&`'R6�)�X?4$'�(;)�)$(;GJ6�I;-/4$(8AB:
)$'9AB6.I;7x-?I;)5A!C10	>@ABGH+.-/2$0�7{45A!4$'90w:�0@KO4�AB:90P6�)$(;:9SH�r­`)�C.694�:9A?4�£ ��-?:�7 ��U�T g

��� � � % ��� 	 	5�Q ��� TJ��(8KO0�7¥2N6.I80�)|DZ032$0H6�)$0�7�X�D`'�(;>='¥(;GH+.I80�G!0�:<450�7�X�-?)�-x)$6�C.)50343X}d|:�79032N)5AB: :È)�e»Ì��?�?�Bg
-?:�-?I8WL)$(;)�A?\�)N69CL�50�>@4$) :,+1032$\mA?2NG!-?:�>@0HA?\�4$'.(;)	4$-?)5Q�Tp&�'�-/4w(;)�X,DF0vV�2N)$4w(;GH+.I;0�GH0�:<450�7¥4$'�0k�r­`)P(;:<y?ABI;yO(;:�S ��U
-?:�7¡£ � GH0�:R4$(8AB:90�7¡0�-/2NI;(;032�X�D`'�(;>='�DF032$0b)$(;Gv(;I;-/2v45A�4$'90[2N6�I;0�)k6�)$0�7¡(*:�d|:�79032N)$AB: e»Ì��?�?�Bg=X	(;:�4$'90¥45A?+
I803y?0�I�A?\����B�,�1�s�,�rT�~%A_DF03y?032�XM4$'�(;)|)$(;GJ6�I;-/4$(8AB:lDF-?)	G!A?2$0H>@ABGH+.I80@K{4$'.-?:l45A?+�^EI803y?0�IrAB:�I8W�em2=6�I80@^ºC.-?)50�7lAB:�I8W�g
)$(;GJ6�I;-/4$(;AB:�)�C�0�>3-?6.)50`(84�'�-?7H45AP790�-?I9D`(84$'�4$'�0`(;:R45032$\i032N0�:�>@0�\i2NABG 4$'90�C1A?4545ABG I803y?0�IºXR-?)�4$'90`C�A?4545ABG�I803y?0�I�D�-?)



� 	�����	u��� ��	u�H��� ��Ì

OFAB:�7.(84$(8AB:����%A9TLA?\r7.(;)5QL) � � � �
�%A!y?032$C.-?I;(;��-/4$(8AB: fLTÈf?f Ì/T½�/f �9T½�/f Ì �OT½�?�
��032$C.-?I*(8��-/4$(8AB: fLTÈf?f fLT#�?� fLT½�/f �OT �?�

�r(8SB692$0��O]�&�'90`4$'.(82N7!)$(*GP6�I*-/4$(8AB:!A?\ ��-/SB:�0|-?:�7pULG!(;4$'le»Ì������Bg=X�(;:v45032NG!)ZA?\,GH0�-?:
:R6�GPC1032uA?\�0@K9>@0�)$)�GHA_y?0�)�T

2N6�:.:�(;:9SH(;:p+t-/2N-?I;I80�I�D%(84$'p4$'90P45A?+9^EI803y?0�IM2N6�I80�)�Ct694`G!(8SB'R4�2$0�>@ABGvGH0�:�7{7.(«ª�032N0�:<4`-?>@4$(;AB:�)%-?:.7z4$'O6�)`(;:R45032$\m032$0
D`(84$'!4$'90�45A?+9^EI803y?0�ItS?AB-?It2$0�>3692N)$(;AB:H+�2$AL>@0�)$)3Tr&�'90`Gv-?(;:!>N'.-?:9S?0|I*-�WH(;:H4$'90`+�2$AL>@0�)$)qA?\�+1A?+�+.(*:9S|-P)50��O690�:�>@0`A?\
S?AB-?I;)�\m2$ABG ��U�XOD`'90�:x-PG!A_y?0�G!-?790|COW!4$'90|C�A?4545ABG I;03y?0�ItD�-?)�:9A?4�>@AB:�)$(;)$450�:<4FD`(84$'k4$'90|45A?+pS?AB-?I�(;: ��U1TOo�:
4$'�-/4|>3-?)50?X1DZ0PQ?03+�4`+1A?+�+.(*:9S�S?AB-?I;)�6�:<4$(*I�2$0�-?>N'.(;:9Sv-vS?AB-?IMAB:{4$'90 �wUx4$'�-/4|DF-?)|>@AB:�)$(*)5450�:<4%D`(84$'p4$'�0PGHAhy?0?T
e $�690�45AvI;0�:9S?4$'z-?:�7z>@ABG!+.I80@K9(84EW?X94$'90w0@KO450�:�7�0�7z)5034�A?\rV9KL0�7p2N6�I;0�)F(*)�+�2$0�)50�:R450�7z(;:pd%+�+10�:�7�(8K�T g

o�:¢4$'90¥C1A?4545ABG I803y?0�I�X � ^EI80�-/2N:.(;:9ScD�-?)z6�)$0�7�T &�'�0¥)N>N'90�7�6.I80l\mA?2z2$0�(*:9\iA?2=>@0�GH0�:<4xD�-?)p-?)p\mABI;I8A_D%)3]�d
)$(;GJ6�I;-/450�7 =5)$69CL�50�>@4J?
DF-?)|SB(8y?0�:�Ì/TÈfLX�(8\�4$'90JS?AB-?I�DF-?)�-?>='�(803y?0�7�X�fLTÇÌ�(8\�4$'90�GHA_y?0�COWp4$'90JC�A?4545ABG I803y?0�I�D�-?)
>@AB:�)$(*)5450�:<4ZD`(84$'v4$'90|>36�2$2$0�:R4uS?AB-?I�XLfLTÈfP(;\�4$'90%GHAhy?0%COW!4$'90%C1A?4545ABG I803y?0�ItD�-?)F(*:�>@AB:�)$(;)$450�:<4qD%(84$'!4$'90|>3692$2$0�:R4
S?AB-?I�Ct694�4$'90z-?>@4$(8AB:¤D�-?)!I803SB-?IºXu^EfLTÇÌz(;\`4$'90zGHAhy?0{D�-?)!(;I;I;03SB-?I�T $�690{45Ab4$'90{(;:Ry?ABI8y?0�GH0�:R4HA?\�V9KO0�7�2=6�I80�)3X
� ^EI80�-/2=:�(;:9SH-/4�4$'90	C1A?4545ABG I803y?0�I�D�-?)`6�:�7�032�4$'90 =�SB6�(;7�-?:.>@0@?HA?\r4$'90	45A?+lI803y?0�I,(;:x4$'�(;)�)$(*GP6�I*-/4$(8AB:�T

�9A?2|4$'90�:9AB:9^ºy?032$C.-?I;(8��-/4$(;AB:z)$69CL�50�>@4$)3X�4$'�0�+.-/2N-?GH0345032=)�\mA?2`)545AL>N'�-?)54$(*>w)50�I80�>@4$(;AB:pA?\rAB694$>@ABGH0�)%A?\�4$'�0�4EDFA
I803y?0�I;)�DZ032$0�)$034`-/4 ����� 6�Ì�H ����� 6�Ì/TZ�9A?2%>3-/+�4$6�2N(;:9S�4$'90	+1032$\mA?2NG!-?:�>@0	A?\�4$'90	y?032$Ct-?I;(8��-/4$(8AB:z)N69CL�50�>@4$)3X94$'90
+.-/2N-?G!0345032N)�DF032$0k-?7/�56�)$450�7b45A{2$03§.0�>@4�4$'90�(82�450�:.790�:�>3(80�)w45A{2$0�I8W¥GHA?2$0vAB:a4$'90!45A?+�I803y?0�I%em4$'.-/4P(;)3XM)$69CL�50�>@4$)
C10�>3-?GH0wGHA?2N0	0@KO+.I*(;>3(84=g=] ����� 6	Ì3f H ����� 6�Ì/T

�%A?450w4$'�-/4%­�]u­ 2N6�I;0�)�DZ032$0P:9A?4`6�)50�7}Tu~`AhDZ03y?032_X�­�]u­ 2N6�I80�)�>@AB6�I*7pC10	0�-?)$(;I8Wx-?7�790�7�Tu£b0w452N(80�7p-?7.7�(;:9S
­�]Z­ 2N6.I80	I80�-/2N:�(;:�S9Tr&`'9032$0	D�-?)`:9A!)$(;SB:�(8V.>3-?:R4�7�(«ª1032$0�:�>@0�(;:x2$0�)N6�I84$)3T

��� � � "# �� �qT�&�'90J2$0�)$6�I;43X1>@ABG!+.-/2N(;:9Sxy?032$Ct-?I;(8��-/4$(8AB:[y?032N)$6.)	:9Axy?032$C.-?I;(8��-/4$(;AB:�X}(;)�)$'9AhD`:b(;:¥�r(8SB692$0H�OT
d|:�-?I8A?S?AB6�)u45A�4$'90`-?:�-?I;WO)$(*)rA?\�4$'�0�'R6�Gv-?:!7�-/4$-LXLd%� ¯ �rd es:R6.GwC1032qA?\17�(;)5QL) �ay?032NC.-?I;(8��-/4$(8AB:!y?032N)$6�)q:�A	y?0325^
C.-?I;(;��-/4$(8AB:tg�(;:�7.(;>3-/450�7H4$'�-/43XO(;:H4$'90`G!AO790�I.7�-/4$-LXR4$'�032$0�D�-?)u-w)N(8SB:�(8V.>3-?:R4qG!-?(;:!0@ª�0�>@4ZC�034YDZ030�:ky?032$C.-?I*(8��-/4$(8AB:
-?:�7z:�AHy?032$C.-?I;(8��-/4$(;AB:ce 3�� f�0Èf#Ì_g=X1>@AB:9V�2NGv(;:9S�-/SB-?(;:z4$'90	y?032NC.-?I;(8��-/4$(8AB:z0@ª�0�>@4%DZ0w7.(;)$>36�)$)$0�7�T

£b0�\s692$4$'9032M4$-?>$QLI80�7�4$'90�>3-/+�4$692=(;:9S`A?\.4$'90�­�&�7�-/4$-|\m2$ABG d%:�7�032N)5AB:pe»Ì��?�?�Bg=X<D`'.(;>N'J(;:�>3(;7�0�:<4$-?I;I;W�(*:�>3I;6�790�7
AB:�I8W
-H+1A?2$4$(8AB:xA?\r4$'90�GHAhy?0�)%(*:x0�-?>N'{>3-?)$0?TZd|)�GH0�:R4$(8AB:90�7p0�-/2NI*(8032�X94$'90�'O6�G!-?:z7.-/4$-HDZ032N0�A?C�4$-?(;:90�7p6.:�79032
4$'90{)$+�0�>3(*-?I�(;:�)5452N6.>@4$(8AB:�)J45Ac)$69C9��0�>@4$)H4$'.-/4!0�:�>@AB692N-/S?0�7�S?AB-?I�2$0�>36�2N)$(8AB:�-?)v0�GwC1AL7�(80�7�COW�4$'90{V9KO0�7�2=6�I80�)
6�)50�7¥(;:l4$'90�45A?+aI803y?0�I�A?\����B�,�1�s�,�rT
es&�'90�>3-?I;>36�I;-/4$(8AB:[A?\F­�&`)|(*)|7�0�)$>@2N(8C10�7[(;:ld%+�+10�:�7�(8K�T g{�r(8SB692$0H�x-?:�7
�r(8SB692$0�Ì3fv)$'9A_D 4$'90w7�-/4$-LT



� 	�����	u��� ��	u�H��� ���

d|)�)$'9A_D%:lCOW{�r(8SB692N0hÌlÌ/X�2$0�)5+1AB:�)$0w4$(;GH0�)|A?\q4$'�0P4YDZAp)$(;GJ6�I;-/450�7lS?2$AB69+t)%DF032$0J2$0�-?)5AB:�-/CtI8W{>3I8AB)50J45Ax4$'90
'O6�G!-?:¥7�-/4$-aemD`'9032N0J4$'�032$0HDF-?)	:�Ax7.(;)54$(;:�>@4$(;AB:{C1034EDF030�:by?032$Ct-?I;(8��-/4$(8AB:¥-?:�7b:9Axy?032$Ct-?I;(8��-/4$(8AB:tg=TJd%I;4$'9AB69SB'
4$'90|G!-/4$>N'
A?\�C1A?4$'!S?2$AB6�+.)uD�-?)Z0@KL>@0�I;I;0�:<43XO4$'90%Gv-/4$>N'
C1034EDF030�:k4$'�0%)$(;GJ6�I;-/450�7vy?032$C.-?I;(;��-/4$(8AB:!S?2$AB6�+k-?:�7k4$'90
'O6�G!-?:H­r&¤7�-/4$-�D�-?)u>3I8AB)$032�T�&�'90��[U ]u)r\mA?2q4$'90�)$(;GJ6�I;-/450�7�y?032NC.-?I;(8��-/4$(8AB:�S?2NAB69+HDZ032N0`fLTÈf?f
�ve �h^E7�(*)5Q9g=XRfLT½���?�
e��h^E7�(;)$Q9g=XrfLT#�?����em�/^E7�(;)5Q�g=X�-?:.7 Ì/T½�?�?��e��h^E7�(;)5Q�g=Tp&�'90!Ahy?032N-?I;I��[U ] \mA?2w4$'90
)$(;GJ6�I;-/450�7by?032$Ct-?I;(8��-/4$(8AB:bS?2NAB69+
D�-?)�fLT½���B�RT!&�'90!�¥U ]u)�\mA?2	4$'90!)$(;GJ6�I;-/450�7¥:9AB:9^ºy?032$C.-?I;(8��-/4$(;AB:¥S?2$AB69+bDF032$0!fLT#�����ae �h^E7�(;)$Q9g=X,fLTÈfB����e��h^E7�(;)5Q�g=X
fLT½�B�/��em�/^E7�(;)5Q�g=X�-?:�7��OT#�B�NÌ¥e��h^E7.(;)5Q�g=T{&�'90kA_y?032N-?I;I��¥U ] \iA?2J4$'90x)$(;GJ6�I;-/450�7c:�AB:L^ºy?032$C.-?I;(;��-/4$(8AB:aS?2$AB6�+�D�-?)
Ì/T½���?�OT|UL(*:�>@0w�[U ]u)`7�Av:9A?4`+.2$A_yL(;790�-k)50�:�)50�A?\�4$'�0w2$0�I;-/4$(;y?0wG!-/SB:�(84$6.790	A?\q7903yL(;-/4$(8AB:�)3X.DZ0J-?I;)5Av>3-?I;>36.I;-/450�7
4$'90	2$0�I*-/4$(8y?0P�¥U ]u)�es(�T�0?T8X.4$'90�� L GH0�-?:{7�(«ª1032$0�:�>@0hg=T��p&�'�0|2N0�I;-/4$(8y?0P�¥U ]u)�\mA?2�4$'90P)$(;GJ6�I;-/450�7xy?032$C.-?I*(8��-/4$(8AB:
S?2$AB69+xDF032$0�fLTÈf?f#Ìve �h^E7�(;)5Q�g=X9fLTÇÌ3f<�xe��h^E7�(;)5Q�g=X9fLTÈfB�?�pem�/^E7�(;)5Q�g=X9-?:�7
fLT#�?�?�ze��h^E7�(;)5Q�g=Tq&�'90%A_y?032N-?I*I12$0�I;-/4$(8y?0	�[U ]
\mA?2M4$'90F)$(;GJ6�I;-/450�7wy?032$C.-?I;(8��-/4$(;AB:wS?2$AB6�+wD�-?)�fLT#�/f?fLTq&`'90u2$0�I*-/4$(8y?0F�¥U ]u)M\mA?2M4$'90F)$(;GJ6�I;-/450�7P:9AB:L^ºy?032$C.-?I*(8��-/4$(8AB:
S?2$AB69+xDF032$0�fLTÈf/�<�ze �h^E7�(;)5Q�g=X9fLTÈf
���{e��h^E7�(;)5Q�g=X9fLTÇÌ3fB�pem�/^E7�(;)5Q�g=X9-?:�7
fLT½�B�/�ze��h^E7�(;)5Q�g=Tq&�'90%A_y?032N-?I*I12$0�I;-/4$(8y?0	�[U ]
\mA?2�4$'90�)$(;GJ6�I;-/450�7p:�AB:L^ºy?032$C.-?I;(;��-/4$(8AB:xS?2$AB69+pD�-?)`fLT#�?���OTF&�'90�G!-/4$>='zC1034EDF030�:z4$'90�G!AO790�I�-?:.7p'R6�Gv-?:p7�-/4$-
D�-?)�0@K9>@0�I;I80�:R43X/�56.79SB(;:9SJ\i2NABG 4$'90w:O6�GPC�032=)3T

£b0�-?I;)5AJ>3-/+�4$692$0�7k4$'90%­r&¡7�-/4$-PA?\}d%:�7�032N)5AB:v-?:.7v�}03Ct(8032$0Pe»Ì��?�?�Bg=X�D%'�(;>N'v'�-?7v4$'�0%>@ABGH+.I;03450%7�-/4$-PA?\}-?I;I
4$'90|GHA_y?0�)�(;:H4YDZA�>3-?)50�)3Tq&`'90%7�-/4$-wDZ032N0%-�y/-?(;I;-/CtI80�\mA?2u4$'90%�/^E7�(;)5QH-?:�7
�h^E7�(;)5QH>3-?)50�)FAB:�I8W?T�&�'�0`>@ABGH+.-/2N(*)5AB:�)
DF032$0�4$'O6�)�(;:x4$'90�)$0�4EDFAv>3-?)50�)3TF�r(8SB692$0�Ì �H)N'9A_D`)�4$'90wG!-/4$>='�T

d|)Z)N'9A_D`:vCRWH�r(8SB692N0aÌ��OX9&�'90%�¥U ]u)u\iA?2Z4$'90%)N(;GP6.I;-/450�7Hy?032$C.-?I*(8��-/4$(8AB:!S?2NAB69+vDF032$0�fLT½�?�?�kem\mA?2Z4$'�0`�/^E7�(;)$Q
>3-?)50hg�-?:.7¤fLT#����Ì�em\mA?2!4$'90{�h^E7�(*)5Q�>3-?)50hg=T¡&�'90xA_y?032=-?I;I`�¥U ] \mA?2!4$'90z)$(*GP6�I*-/450�7�y?032$C.-?I;(8��-/4$(;AB:�S?2$AB69+¤D�-?)
fLT#�?���OTP&`'90w2$0�I*-/4$(8y?0!�[U ]Z)|\iA?2�4$'90�)$(;GJ6�I;-/450�7[y?032$C.-?I*(8��-/4$(8AB:lS?2$AB69+¥DZ032N0�fLTÇÌ3fB�bem\mA?2	4$'90J�/^E7�(;)5Ql>3-?)50hg|-?:�7
fLTÇÌ_�/�zem\mA?2�4$'90w�h^E7�(;)$Qv>3-?)50hg=TZ&`'90�A_y?032N-?I;I12N0�I;-/4$(8y?0��[U ]�\iA?2�4$'�0�)N(;GP6.I;-/450�7
y?032$C.-?I;(8��-/4$(;AB:xS?2$AB69+xDF-?)`fLTÇÌ����OT
&�'90pG!-/4$>='�C1034EDF030�:�4$'90zGHAL790�I�-?:�7�'O6�G!-?:�7�-/4$-¥D�-?)H0@K9>@0�I;I80�:R43X��$6�79SB(;:�Sl\m2$ABG 4$'90z:O6�GPC�032=)3X�2$AB69SB'�I;W
>@ABGH+.-/2=-/C.I80	45A!4$'�-/4`A?\rd|:�79032=)5AB:p-?:�7z�,03C.(8032$0ve»Ì��?�?�Bg=T��

o�:[C�A?4$'¥>3-?)50�)�X}4$'90�)50H>N'.-/2N-?>@45032N(;)54$(*>H­�& +10�-/QL)�(;:[4$'90H'R6�Gv-?:[7.-/4$-¥es)$030!��(;SB692$0�)	�OX·Ì3fLX,-?:�7�Ì �Bg%DF032$0
>3-/+�4$692N0�7a(;:a)$(*GP6�I*-/4$(8AB:¥CRW¥-z)50��O690�:�>@0vA?\FS?AB-?IZ+.6�)N'90�)	-/4�0�-?>N'�A?\�4$'90�)50!+1AB(;:R4$)3Tvd|>3>@A?2N7�(*:9Sp45A{4$'90k��­%)
6�)50�7�es)5030�d`+�+10�:�7.(«K�g=Xt(84%'�-/+.+�0�:�0�7p4$'�-/4�-/4%4$'90�)$0w+1AB(;:R4$)3XtGJ6�I84$(8+tI80	S?AB-?I;)|:9030�790�7l45AkC10�+.6.)$'90�7zAB:R45A ��U�T
o�:bA?4$'9032wDFA?2N7�)�X,-/4�4$'90�)50v+�AB(*:<4$)3X,+.I;-?:�:�(*:9S
:�030�790�7b45A{C10!>3-/2$2=(80�7¥AB6943T`LZI;-?:�:�(*:9S
-?>3>@AB6.:<450�7�\iA?2w4$'90v­r&

� &1¹h´r¶º´�Æ½¿N¸º»Èµ@´ 
	Î !k»È¼�Â_´* /Éh´5Â`¿=¼�Ä«²=Æ½ÆÈ²5³}¼ � °� D �
F	� °�

������� ����� � ����������� �"!
��� � ���$#	%���&��� ���'� � ���

Í
( �iÉ|Å�²=¾�Ê/¿$¶º»½¼�²=ÉR·_¸º¹�´�
	Î !.¼�ÄÏ²=¶}¸º¹�´r¼�»È¾ZÃ�Æ½¿N¸º»È²ÇÉ|²=Ä ",É/Âh´Y¶º¼�²ÇÉ�¿NÉ/Â*)R´�Áh»½´Y¶º´ � 0,+�+�- ��Á/¿N¼�´5Â|²=É "/. &�Ë  {³�´©¶º´ &_Í &�010u¿=É�Â &_Í 0,1�0

Ä«²N¶�¸º¹�´�¼�´Z¸m³1²%Å5¿=¼�´©¼�·O¶º´�¼�Ê?´�ÅY¸º»½µÇ´�Æ�À3Í &1¹h´�»�¶Z²$µ@´Y¶E¿=ÆÈÆ	
	Î !p³�¿=¼ &�Í 032hÍ &1¹�´F¶º´�Æ½¿$¸º»½µÇ´ 
	Î !�¼rÄ«²N¶u¸º¹h´F¼�»È¾FÃhÆ½¿N¸º»È²ÇÉP²=Ä ",É/Â_´©¶º¼�²ÇÉP¿=É�Â
)R´©Á�»È´©¶º´�� 0,+�+�- �}Á/¿=¼�´�Â�²=É�"/. &�Ë� {³1´©¶º´ &_Í &($4&`¿=É/Â &�Í 0(0�&�Ä«²N¶r¸º¹�´©¼�´q¸i³1²�Å5¿N¼�´�¼�·B¶º´�¼�Ê?´�Å©¸º»Èµ@´©ÆÈÀ3Í &1¹h´�»�¶r²$µ@´©¶E¿NÆÈÆO¶º´�Æ½¿N¸º»Èµ@´ 
	Î !
³1¿=¼
&_Í &�- 0ÇÍ



� 	�����	u��� ��	u�H��� �?�

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 2)

CLARION
HUMAN   

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 3)

CLARION
HUMAN   

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 3)

CLARION
HUMAN   

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

11.5
12

12.5
13

13.5
14

14.5
15

15.5
16

16.5
17

17.5
18

18.5
19

19.5
20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 4)

CLARION
HUMAN   

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

11.5
12

12.5
13

13.5
14

14.5
15

15.5
16

16.5
17

17.5
18

18.5
19

19.5
20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 4)

CLARION
HUMAN   

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

11.5
12

12.5
13

13.5
14

14.5
15

15.5
16

16.5
17

17.5
18

18.5
19

19.5
20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 5)

CLARION
HUMAN   

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

11.5
12

12.5
13

13.5
14

14.5
15

15.5
16

16.5
17

17.5
18

18.5
19

19.5
20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (VERBALIZATION group, # of disc = 5)

CLARION
HUMAN   

�r(8SB692$0J�O]�U9(;GP6.I;-/4$(8AB:pA?\�4$'90P2$0�)5+1AB:�)50w4$(;GH0P7.-/4$-!A?\q&MA_DF032|A?\q~|-?:9AB(M\i2NABGnd|:�79032N)5AB:�e»Ì��?�?�Bg=T|��AB692|>3-?)$0�)
-/2$0w(*:�>3I;6�790�7}T�&�'�0	y?032$C.-?I;(8��-/4$(;AB:xS?2$AB69+{(;)`6�)50�7�T



� 	�����	u��� ��	u�H��� ���

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (NO VERBALIZATION group, # of disc = 2)

CLARION
HUMAN   

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (NO VERBALIZATION group, # of disc = 2)

CLARION
HUMAN   

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

8.5

9

9.5

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

re
sp

on
se

 ti
m

e 

number of moves

TOH: RESPONSE TIME CURVE (NO VERBALIZATION group, # of disc = 3)
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TOH: BOTTOM LEVEL LEARNING CURVE (NO VERBALIZATION group, # of disc = 2)
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TOH: BOTTOM LEVEL LEARNING CURVE (NO VERBALIZATION group, # of disc = 2)
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GOAL POP CURVE (NO-VERBALIZATION group, # of disc = 2)

group
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COMBINATION PROBABILITY CURVE (NO-VERBALIZATION group, TOP LEVEL, # of disc = 2)
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