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Bids for values of alpha and lifetax

All wildcards
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alpha
Lifetax

Bids in steady state

5 Non-wildcards
10 non-wildcards
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VH9O8p,X.;<FG;<A,;<6G6 0 H	NnFK3,;�V]Xt?k6K6nHBTiVXY?B6G6K5[Z&;<Nj6K`M6GFK;<OS6mr45.FK3@VH9A&LM5.FK5.H	Ac6mr45.FK3>r45.XYL,V<?BNLM6E�OR=,X.FK5.p,X.;mVH9A&LM5.FK5.H9A,6m?BA&LSOS;<6K6?B7	;]a*X.5.6KF�d ¿ X.X�FG3,;<6K;RVXY?B6G6K;<6}V<?kA>Q&;�LÊ;Z&A,;ELUT�H	NGOU?BX.X.`M�Q,=,Fnri;jr45.X.X�=,6K;~?~O8H	NG;j5IAÊT�H	NGOU?BX�LM;Z&A,5.FG5IH9A>FKHRÆ	;�;<p@FK3c;�LM5.6bV=c6K6K5.H9APVH	OSp&?	V]FEdlu^;r45.X.X,OU?kÆ	;i?kA8?Bp,p�;E?BX�FKH�FK3,;4NG;E?	LM;�NEþ 645.A1FG=,5.FK5.H	A�FKH}=,A�LM;<NK6GFb?kA&LRFG3,;m6G;<OU?kA1FG5YV6lHBTsFK3c;VXY?B6G6K;<6~HBT4VXY?B6K6G5[Z&;<N}6G`16GFK;<OS6jri;~r45.XIXlLM5.6bV=c6K6EdSÿ,H9N�?SO8H9NK;}FG3,H	NGH	=,793�LM;]Z&A,5.FK5.H	A�HBTFK3c;}6K`MAMFb?ä�Ê5.6m?kA&LR6G;<OU?kA1FG5YV64HBTz?RVXY?B6K6G5[Z&;<N46K`M6GFK;<O��M6K;<;RVG3&?Bp,FG;<Nm�,d243,;jp,N?	VFG5YV<?BXlVH	OSp,=,Fb?kFK5.H	A�?BX,6GFKNK;�A,7	FG3@HBTz?RVXY?B6K64HkTiVXY?B6K6G5[Z&;<N46K`M6GFK;<OS645I645.AMFK=Êa5.FK5.:	;�XI`RFG3,;}?BQ,5.X.5.F�`�FGHR5.O8p,X.;<OR;<AMFz?RVXY?B6G64HBTlp,NKH9Q,X.;<O86�r45.FK3U?�AM=,ORQ�;<NiHkT�VXY?k6K6K5[Z&;�NK6FK3�?BF46bV�?BX.;<6mX.5.A,;E?kNKX.`Rr45.FK3>FK3c;�AM=,ORQ�;<N�HBTl6K`MORQ&H9X.6i5.A8FG3,;}6G`16GFK;<OÇ5.FK6G;<X[TbdÃhTmVH	=,NG6K;SFK3,5.6j5.6�AcH	F�?S:	;�NK`�=,6K;T�=,XiLM;Z�A,5.FK5.H	Asd~uJ3�?BFj5.6�?>VXY?B6K6�HBTip,NGH	Q,X.;<OS6?BA�L@3,HBr�LÊH8r�;}6bV<?kX.;�FG3,;<O��W243,;�6K;R?BNK;RD9=,;<6GFK5.H	A,6jFG3&?BF}?BNG;}:	;�NK`@3&?kNbL�FKH>?BA,6Gri;<N6KH�r�;Rr45IX.XzAcH	F}Q�H	FG3,;<N~FKH�Z&A&L^?>6GH	X.=,FK5.H9Asd8u^;Rr45.X.XzH9A,X.`P=,6G;8FG3,;8FG;<NKO�ï&ðñ	ò]ó*ô�òbñkõòöB÷nï&ø9óKñ�ó�ô�öBù&ñkõzúó�ðbû�ùMü�ó�ýR5.A�?SNG;<XY?BFK5.:9;R6K;<A,6G;	dSu^;�r45.X.Xl6b?�`@FG3&?BF�?>V;�NKFb?k5.AîVXY?B6K6�HBTVXY?B6G6K5[Z&;<Nq6K`M6KFG;<O86��>3&?k6lFK3,;�6b?kO8;zH9No3c5I793,;<Nep,Nb?9VFK5YV<?kX&VH	OSp,=,F?BFK5.H9A&?BXB6GFKNK;�A,7	FG38?B6z?VXY?B6G6iHkToVXY?B6G6K5[Z&;<N�6K`M6KFG;<O86�����5[Tsri;mV<?kARZ&A�L8?nT�=cA&VFK5.H9A8é8FG3&?BF4VH9A1:9;<NKFG6m?}VXY?B6G6K5[Z&;<N6K`M6GFK;<O©T�NKH9O�����FGH�H9A,;4T�NGH	O��\FK3&?kF�V]H	O8pc=,FK;<6�FK3c;�6?BOS;4T�=,A�VFK5.H	Aeds2lH	79;<FK3c;<N4r45.FK3FK3�?BFeT�=,A&V]FK5.H	A}FG3,;<NG;4OR=,6KF�Q�;�?nVH	Ac6KFb?kAMF	��
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�����G éÈâ�� 0 G�����G �ÑG[d243,;vG ��G�O8;E?kA,6lFK3,;nA1=cORQ&;<NlHkTÈVXY?k6K6K5[Z&;�NK6�5IARVXY?B6G6K5[Z&;<N�6K`M6GFK;<O��idlu^;�r45.X.X1r4NG5.FK;4FK3c5I6?B6)Ò���������d24r�HîVXY?B6G6K;<6��¦?BA&L����m3&?�:9;>FK3,;�6b?kO8;8pcNb?	V]FK5YV<?BX}VH9O8p,=cFb?BFG5.H	A&?kXi6GFKNK;�A,7	FG3�5[T
��������?kA&L��������hd}u^;}r4NG5IFG;RFK3,5.6}?B6��! �����d���TiT�H9NmF�r�H@VXY?B6K6G;<6"� ?BA&L����lr�;3&?�:9;#�$�%���qQ,=,F}A,H9F"�����&� r�;8V<?BA^r4NG5IFG;��('%�����lH	N)�J3&?k6�3c5I793,;<N}pcNb?	V]FK5YV<?BXVH9O8p,=,F?BFG5IH9A&?BXB6GFKNG;<A,7	FG3�FG3&?BA�����dsÿcH	NlVH	AM:9;<A,5.;<A&V;�r�;�V�?BA}=,6G;iFG3,;zA,H9Fb?kFK5.H	A����*�!�5[T���'����o?BA�L#���*+!�W5[T��,������d
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��A^H	NLM;<N~FKH@5.X.X.=,6KFGNb?kFK;RFK3c;RA,H	F?BFK5.H9A�LM;]Z&A,;ELW?BQ�HB:	;	�eri;Rr45.X.XiVH9A,6K5YLM;�N�F�r�H@VXY?B6K6G;<6HBTmVXY?B6G6K5[Z&;<N~6K`M6GFK;<OS6x?kA&L�p,NGHB:	;~6KH	OS;<FK3c5IAc7U?BQ�H	=cF}FK3,;�5IN�p,Nb?9VFK5YV<?kXiVH	OSp,=,F?BFK5.H9A&?BX6KFGNK;<Ac7	FK3edJ243,;SZ&NG6KFUV]Xt?k6K6��>=@?BA r45.XIX�Q�;UFG3,;@VXY?B6G6RHBT�VXY?B6G6K5[Z&;<NR6G`16GFK;<OS6Rr45.FK3,H9=,Fr45.XYL,V<?BNLM6E�cO8;<6G6b?k7	;a�X.5I6GFzH	N4OR=cXIFG5.p,X.;�VH9A&LM5.FK5.H9A,6E�Mr4NG5IF?BQ,X.;j?B6m?�6K;<FnHBToFG=,p,X.;<64HkToFK3c;T�H9NKOjÒ�ã	ãä�cå -kæ ç å<ãB�,å -Bæ è æ de243,;4Z&NG6KF�p&?BNGFi5.6zFG3,;�V]H	A&LM5.FG5IH9As�BO>?BFbVG3,5.A,7nr45.FK3RO8;�6K6b?k7	;<6FK3�?BFR?BNK;>;�&?9VFKX.`^FK3c;86b?kO8;8?kA&L^FG3,;>6K;EVH9A&LWp&?BNGF�5.6~FK3,;>?	VFG5.H	As�lH9N�FG3,;ST�=,A&VFG5.H	A:	?BX.=,;}?k6K6KH,V5Y?kFK;ELSr45.FK3>FK3c;�5.A,pc=,F�a�O8;<6G6b?k7	;	d243,;j6G;EVH	A�L@VXY?B6G6E�C�7D^�Mr45.XIX�Q�;}FG3,;}VXY?B6K6nHBTzVXY?B6K6G5[Z&;<Nm6G`M6KFK;�O864r45.FK3>r45.XYL,V<?BNLM6E�Q,=,Fq6KFK5.X.XMr45.FK3,H9=,FlOR=,X.FK5.p,X.;zVH	A&LÊ5IFG5.H	A,6lH	Nz?nO8;�6K6b?k7	;a�X.5.6KFE��r4NG5IF?BQ,X.;4?B6z?n6K;<FqHBT�FK=,p,X.;<6HBTlFK3,;xT�H	NGOjÒlã9ãä�,å - å.E æç å<ãB�,å -Bæ<è åGF æ �Mr43,;<NG;"FH
�JIidl243c;�NG;E?BXeAM=,ORQ&;�NKFh5I64=c6K;EL>FGHNK;�6KH	X.:9;�VH9AML&5YVFK6�Q�;<F�ri;�;<A@VXY?B6K6G5[Z&;<NK6�dz��TsF�r�H�VH9A&LM5.FK5.H	Ac6zOU?kFbVG3�r45.FG38?j7	5.:	;�AR5IAcp,=,FE�FK3c;U?	V]FK5.H	A�HBT4FK3,;8V]Xt?k6K6G5%Z�;<N}r45.FK3�FK3,;R3c5I793,;<6GF"F~5.6xVG3,H96K;<Aed8��F}5.6}?	V]FK=&?kXIX.`@FG3,;RQ,5YLHBT4?UV]Xt?k6K6G5%Z�;<NEd�243,5.6�6G`M6KFK;�O 5.6jFK3,;~6b?kO8;�?k6�FG3,;~H	A,;~5.O8p,X.;<OS;<AMFK;ELÙQ1`�FK3,;~6K5.O8pcXI;VXY?B6G6K5[Z&;<Nn6K`M6KFG;<O�5.AUVG3&?kp,FK;<Nj|,d2lHjp,NKHB:9;mFG3&?BFzFG3,;mpcNb?	V]FK5YV<?BXsV]H	O8pc=,Fb?kFK5.H	A&?kXM6KFKNG;<A,79FK3>HBTN��DÇ5.6i79NK;E?kFK;<N�FK3�?BA8H9N;ED9=&?kXiFGHUFG3&?BF�HBTO� ri;RA,;�;EL^?ST�=,A�VFK5.H	A^é¿ÒQPlJSRUTWVCXYT�Z:XY[]\_^a`�^cbedgf.hBXY\W\eikjC^ab
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�PpTWqgTWV]^�iBrM^asMTeiBfaXth�f.hBXY\e\WikjC^ab:\edM\eTW^aZuivs!wx
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TeV�^as�ivT�iv\�qt�>TeV�^)��q�bWZÉãÕmcå6� æ è XtsCr������nâ���iv\�TWV]^2hv^as]}�TWV�qt�KTWV]^#f.q~sCrMivTeivq�s���XtsCr	���?�o������Yo���������� �4iv\�XYs:q���Te[]�]T�z]TWV]^as:ivT�i�\�qY��TWV]^_��q�bWZ�ãÕmcå6� æ"! XYs�r�	���#%$&��'$&�6�
�!V�^as"TWV]iv\�f.hBXY\e\WikjC^ab�\edM\eTW^aZ�iv\	X�f�Teiv`�^�zti�s)TeV�^�jCbW\eT�[�VCXY\W^Kf.hBXt\e\eikjC^cbe\>Xtbe^�Z�XYT.fWV]^6r

XY}MXYivs]\WT�TeV]^�ivs][��]T6������TeV]^)X�f.TWi�`�XtTe^6r<f.hBXY\e\WikjC^abO��ivTWV�TWV]^�V]iv}~V]^a\eT_|]iBrJVCXY\_T�dn[�^(	��#%$&��'$&�"TeV]^csgTeV�i�\)q�s�^#iv\"fWV]q�\W^asÜTeq�}�^as�^abGXtTe^:TeV]^Jq��]TW[]�]T)qY�OTWV]^:\edM\eTW^aZ XYs�r�TeV�^
f.q~Z#[]�]T.XYTWi�q~s�\eTWq�[]\��g���@TeV]^�f.hBXY\W\eikjC^ab2��ivTWVgTeV�^�V�i�}~V]^a\WT2|]iBrgrMqM^a\2s]q~T"V�X�`�^�	)�#%$&��'$&��TWV]^asJTeV]^@X�f.TWi�q~s]\�[]bWq]rM�Cf.^6rJ|Md)TeV]^@X�f.TWi�`~^�f.hBXt\e\eikjC^cbe\�XYbe^_�]\e^�r#XY\7TeV]^_i�s�[]�]Te\
��q~b�TeV]^@s]^.�]T�z]\eivZJi�hBXtb>f.d]f.hv^@qY��TeV]^�f.hBXt\e\eikjC^cbO\edM\WTe^aZ��
��V]^cbe^�iv\�X)[�q�\W\eiv|]ivhvivT�d2TeVCXtTOTeV�^"f.hBXY\W\eikjC^ab@\edM\WTe^aZy��ivhvh*s]q�T_[]beq]rM��f.^"XYs<q��]TW[]�]T6�

��V]iv\�faXYs2V�XY[][�^as)|C^6fcXY�]\W^OTeV�^abe^@XYbe^�s]q�X�f�Teiv`�XYTW^6r"f�h�Xt\e\Wi�j�^abe\�q~b�|C^6fcXY�]\W^OTeV�^�\edM\eTW^aZ
^asCr�\>ivs"X�f�d�f�h�^~�N��^���ivh�hMs]q~T�|Cq~TeV]^ab�XY|�q���T	TWV]^a\W^O\eivTW�CXYTWi�q~s]\6zt|C^6fcXY�]\W^O��^>��ivhvh]XYhvhvqY�
��q~b�ivs][]�]TW\�TeVCXtT�VCX�`~^2s]q�q���Te[]�]TW\�r�^.jCs]^6r¥��q�b�TeV]^aZ��#��T)faXYs�|�^#\WV]qY��s�TeVCXtT�ivT�iv\
[�q�\e\Wiv|]hv^�Teq)jCs�r#q~�]TO��V�^aTeV]^cb�X)}�iv`~^as�f.hBXY\e\WikjC^abO\WdM\eTe^cZyqY��TeV]iv\���q~beZ�VCXY\Of�d�f�h�^c\�q~b
s]q~T6�

¼>½�¾�½�* + ,.-
��s2q�b.rM^ab�TWq@[]beqY`~^�TeVCXtT�� Ú VCXY\�}~be^6XtTe^ab�q�b�^6�~�CXth][]bGX~f.TeiBfaXthCf.q~Z#[]�]T.XYTWi�q~sCXYh~\eTWbe^as]}~TeV
TeV�XYs#��ÎQzY��^�Z2�]\eTQjCsCr2XH����sCf.Teivq~s)��beq~Z�f.hBXY\W\eikjC^ab7\edM\eTW^aZ#\>�7Î)Teq"f.hBXt\e\eikjC^cb�\edM\eTW^aZ#\
ivs�� Ú TeVCXtT�VCXY\�TWV]^�[]bWq�[�^abeT�dGÒ /�0@
@ë�Ò_G éÈâ10��{G��Ü� G 0 GkzM��V]^cbe^��2
�� I �ÿ�q�b2TWV]iv\#��^�T.XBÆ�^<TeV]^:���]sCf.TWi�q~s!TeV�XYT#TWbGXts]\ehBXYTW^a\�Xgf.hBXt\e\eikjC^cb2��bWq�Zu� Î ivsMTeqÜX
f.hBXY\W\eikjC^abH��beq~Z���Úyivs:TeV]^_��q~hvh�qY��ivs]}��KX�dGÒ�2��Ñ��� �E3��Ò	4�5#%$&��'$&�
��T�iv\Nq~|n`Mivq���\NTeV�XYT�TeV]iv\Q���]s�f.Teivq�s)}�^cs]^abGXtTe^a\�XOf.hBXY\W\eikjC^ab7\edM\eTW^aZ�TeVCXtT	iv\Q^6�~�]iv`�XYhv^asMT

XY\)XYhvh�TeV�^#f.hBXY\e\WikjC^abe\)[]bWq�r��Cf.^#q~�]Te[��]T"rMivbe^�f.TehvdMz	XtsCr�Xtbe^)��q~b�TeV�^2be^a\WT"qt�KTWV]^2\GXtZ#^
��q~beZ�����V]^JsM�]Z2|C^cb"qt��f.hBXY\e\WikjC^abe\2ivs�|Cq~TeVÜ\edM\eTW^aZ#\)iv\"^�����XYh�z�|C^�faXY�]\W^�TeV�^abe^�iv\2X
rMivbe^�f.T�q�s�^. ³TWqY �q�s]^)Z�Xt[][]ivs]}��}ÄMqJ��q�b_^a`�^abWd���'&�)TeV]^2f.q~sCrMivTeivq�s�iv\@\GXYTWiv\�jC^6r��"��V�^
[]b.X�f.TWi�fcXYh�f.q�ZJ[]�]TGXtTeivq�s�XYh*\eTWbe^as�}�TeV�qY�O��Ú¯iv\�V]iv}�V]^cb�TWVCXYs�q�b@^6�~�CXth�Teq<TeV]^)[]bGX~f.Teik 
faXth>f.q�ZJ[]�]T.XYTeivq~sCXYh*\WTebe^cs]}�TWVgqY��� Î z���V]iBfeV<�KXt\�b.XYTWV]^ab�q~|n`Mivq���\���bWq�ZyTeV�^2\eTGXtbeT�XY\
ivsMTe�]ivTeiv`~^ahvd8ë�6�7��
¼>½�¾�½�¾ -8,9+
��V]^2[]bWqMqY�OTeV�XYT}ë4�:7 iv\�f.q~s]\eiBrM^ab.XY|]hvd�hv^a\e\�TWbeiv`MiBXYh��Rÿ]q~b�TWV]iv\���^2Z2�]\eT@rM^.jCs]^:X
���]s�f.Teivq�s<TeVCXtT�Z�XY[�\�^a`�^abWd�f.hBXY\e\WikjC^abO\WdM\eTe^cZ<; 
=7 TWq�X2f.hBXY\W\eikjC^ab_\edM\eTW^aZ<0�
Pë��
��s�q�bGr�^ab�TeqJ|C^2XY|�h�^)Teq:rMq:TeV]iv\�z*�>^±jCbe\WT�Z2�]\eT@rM^.jCs�^�XJ}�b.XY[]V<TeVCXtT±r�^a\Gf.bWiv|C^a\)TeV�^
|�^aVCX�`Mivq��]b�qt�	X@Z2�]hvTeik �hBX�d�^ab�f.hBXY\e\WikjC^ab�\edM\eTW^aZ��Q��V]iv\�}�b.XY[]V2��ivhvh]|�^�X�r�i�bW^6f.TW^6rJ}�bGXt[]V
>�ì�àJá�â�?:à@?�à:ä7â�A�à�æcçvè�é�ê�î]ï_ðòñOóØô�õ*ö�÷�ø�ùOú.ûYüYõ�ýYñYð�óØð�÷.ñ�÷.öMþ�û�úaÿ�ÿBðòý�õ�øCÿB�6ÿ�ó�õ�ùOÿMðòñOþ�ô�ú���ó�õ�ø�
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âDCoå�E�����ivTeV<TeV]^)\e^aT@qt��`~^abeTWiBf.^a\FC{TWV]^)i�s�[]�]T� �Z#^c\e\GXt}�^a\�z�TeV]^"f�h�Xt\e\Wi�j�^abe\�TWV]^aZJ\e^ahv`�^c\
XtsCrJTeV]^@\e^cTOqY��[�q�\W\eiv|]hv^@q��]TW[]�]Te\�����V]^cbe^���ivhvh*|C^�Xts�^�rM}�^Râ���åGFa�7ivs:TeV]^@\e^cTOqY��^6r�}�^a\E�ivs:|�^aT��>^c^as�T��>qJ`�^abWTeiBf.^a\(�:XYs�r�F@ik�G�#iv\@X2Z#^c\e\GXt}�^"XtsCr:TWV]^"ZJ^a\e\.XY}~^"X�f.TWiv`�XYTe^c\
f.hBXt\e\eikjC^cb�F_q�b_i��H�Ji�\OX2f�h�Xt\e\Wi�j�^ab}âB	5�4?�o������Yo��I�B����V�q�\e^)X�f.TWi�q~s�X�f.TWi�`�XtTe^a\@f.hBXY\W\eikjC^ab
FJq�bJik�J�,iv\�X�f.hBXY\W\eikjC^ab�âB	<�K#%$&��'$&�G�#XtsCrÜF:iv\2TeV]^�q~�]Te[��]T#[]bWq]rM�Cf.^6r�|MdÜTeVCXtT
f.hBXt\e\eikjC^cb6����V�^�ivs][��]T�Z#^a\W\GXt}�^a\�VCX�`~^Oq~s]hvd#}�q~T>q~�]Te}~q�ivs]})^6rM}~^a\6z�q��]TW[]�]Te\_q�s]hvd2VCX�`~^
ivsCf.q~Z#ivs]})^6rM}~^a\6�~ÄM�CfWV¥X�}�b.XY[]V���ivh�hQ|C^2faXth�hv^6r<XYsJñ	ò]ó*ôMLBñ�ó�ô�ökù@üBðbñ]ï,ýn� ¿ s�^���XtZ#[]hv^
qt��XYs�X~f.Teiv`�XYTWivq�s2}�b.XY[]V:iv\�ivhvh���\eTeb.XYTW^6r2ivsJjC}���be^�Í]�v���

Output

Classifier

Input Message

ÿQiv}��]bW^�Í]�v�2ÒONQ�CXYZJ[]hv^�qY�>XYs:X�f.TWi�`�XtTeivq�sJ}�b.XY[]V¿ hvh_`�^abWTeiBf.^a\:be^c[]be^a\W^asMTeivs]}!ivs][��]T� �Z#^a\W\GXt}�^a\#XtsCr!f.hBXY\W\eikjC^abW\:��i�hvh�VCX�`~^�XYTJZ#q~\eT
q~s]^:q��]TW}�q�ivs]}�^6rM}~^���ÿ�q�b#f�h�Xt\e\Wi�j�^abe\J��i�TWV4	9�K#%$I��'P$I�)TeV]iv\2iv\2q�|M`Mivq��]\#Xt\2^a`�^abWd
f.hBXt\e\eikjC^cb�faXts�VCX�`�^�XtT�Z#q�\WT>q~s]^�q~�]Te[]��T6�4ÿ]q~b�ivs][]�]T� ³ZJ^a\e\.XY}�^c\OXYsCr:f.hBXY\W\eikjC^abW\@��i�TWV	3�{?�o����Q�Yo��I�7TeV]iv\@iv\Ohv^a\W\±f�h�^�XYb@|]�]T@ivT�rMqM^a\@|�^6f.q~Z#^"f.hv^6Xtb@��V]^as�d�q��<TGXBÆ~^HE�i�sMTWq
X~faf.q���snT�� ¿ sgivs][]�]T�Z#^a\W\GXY}~^2q�b)TeV]^R��â³X~f.Teivq~sC��qt��XYs�ivsMTe^abWsCXYh�f.hBXY\W\eikjC^ab)��ivhvh�|C^
Xt|]hv^�Teq�Z:XYTGfWV)��ivTeV2Z2�]hvTeiv[]hv^>f�q�sCrMivTWi�q~s]\�qt�Nq�TeV�^abKf�h�Xt\e\Wi�j�^abe\�zM|]�]T�TeV]^ad2��ivhvh]q~s]hvd�|C^
Xt|]hv^OTeq2X�f�Teiv`�XYTW^Oq�s�^�zCXt\>TWV]^abe^�i�\�q�s�h�d2q~s]^@��ivTeV#TWV]^@V]iv}�V]^c\eTKE©â�|�^6faXt�]\e^HE$
�� I �
XtsCr2TWV]^�q�s�^���ivTWV�TWV]^@V]iv}�V]^c\eTKE���ivhvhC|�^�TWV]^�X�f.TWi�`�XtTe^6rJq~s]^��
��^2faXYs�\W^a^#TWVCXYT@��beq�Z ^a`�^cbed�`�^cbeTe^��gTeV]^abW^#iv\�X:[CXtTeV�hv^6X�r�i�s�}�TWq�XYT�ZJq�\eT@q~s]^

`~^abeTW^.�gbe^a[�be^a\W^asMTeivs]}gXYs�q~�]Te[��]T�q�b�Teq�X�f�d�f�h�^~����T)i�\�s]qY��[Cq~\e\eiv|]hv^2TWq�be^6r��Cf.^:TeV]^
q~beiv}�ivsCXth�}�bGXt[]V5S¯TWq�X,}�bGXt[]V5S@�_be^a[�be^a\W^asMTeivs]}�X,\eivs]}�hv^. �hBX�d�^ab#f�h�Xt\e\Wi�j�^ab:\edM\eTW^aZ��
��V]iv\_i�\Or�q�s]^)ivs�TWV]^���q�hvhvqY��ivs]}�Z�Xts]s]^ab)Ò���^�bW^aZ#qY`~^@^a`�^abWd�`�^cbeTe^���TeVCXtTObW^a[]be^c\e^asMTe\
X)f.hBXY\W\eikjC^abOXtsCr2VCXt\>s�q"ivsCf.q~Z#ivs]}@^6rM}~^a\Of.q~s]s]^6f.TWivs]}2ivT>TWq�X�`�^abWTe^.�:be^a[�be^a\W^asMTeivs]}�Xts
ivs][]��T� �Z#^a\W\GXY}~^��Q��^�TeV]^asJbe^aZJqY`�^OXth�h�TeV�^O^6rM}~^a\�TeV�XYT�}�q�ivsMTeq"X±`�^abWTe^.�:be^a[]bW^a\e^csnTWivs]}
X:f.hBXY\W\eikjC^ab)|]�]T�TeVCXtT"rMq�s]q~T�f.q�ZJ^���bWq�Z°XYs�ivs][]�]T� ³ZJ^a\e\.XY}~^��#��s�TWV]^2hBXY\WT�\eTW^a[g��^
X~r]r#X)`~^abeTW^.��bW^a[]be^c\e^asMTeivs]}:TWV]^@q��]TW[]�]T}øMùCÖ	ûØ×zù&û.Ö)XYs�r2hBX�d2^6rM}~^a\O|�^aT���^a^as�X)`~^abeTW^.�
bW^a[]be^c\e^asMTeivs]}�X#f.hBXY\W\eikjC^ab(;¯XYs�r�X�`�^abWTe^.��bW^a[]bW^a\e^asMTWi�s�}¥Xts�q��]TW[]�]T}��ik�>TWV]^abe^2iv\@X
[CXtTeV2ivs#TWV]^Oq~beiv}�ivsCXth]}�b.XY[]V@S���bWq�Z�TeV�^�f.hBXY\W\eikjC^abT;�Teq)TeV�^Oq���Te[]�]T4�2�����NTWV]^abe^@iv\�X
[CXtTeV���beq~Z�f.hBXY\W\eikjC^abT;�TWq#X"f.d]f.hv^�z��>^@VCX�`~^�Xts#^6rM}~^@��bWq�Z�TeV]^�`�^abWTe^.�:be^a[]bW^a\e^csnTWivs]}; Teq#TWV]^�`~^abeTW^.��be^c[]be^a\W^asMTeivs]}�TWV]^�q~�]Te[]��T{øMùCÖ9ûB×qù&û.ÖY�@��V]^�bW^a\e��h�T_��q~b�jC}���be^2Í]�v�@iv\
\WV]qY��s:i�s�jC}���be^�Í]�ò¦]�
��V]iv\O\WdM\eTe^cZ·iv\_^6�~�]iv`�XYhv^asMTOTWqX�\eivs]}~h�^�h�X�d~^ab�f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZ��@��V]^�f�h�Xt\e\Wi�j�^abe\

��bWq�Z¯� Ú fcXYsg|�^�f�q�sM`�^abWTe^6r�TWq�f.hBXY\W\eikjC^abW\���bWq�Z°��Î,i�s�TWV]^2��q�hvhvqY��i�s�}#��X�d.Ò�TeV]^cbe^
��ivhvh*|C^)XY\OZ:XYsMd#f.hBXY\W\eikjC^abW\Oivs�TWV]^�s]^a�4\WdM\eTe^cZ�XY\OTWV]^abW^�Xtbe^�`~^abeTWi�f�^a\@be^a[]bW^a\e^csnTWivs]}
f.hBXt\e\eikjC^cbe\#ivsÜTeV�^�}�b.XY[]V�S@���½ÿ�q�b2^c`�^abWd�\W�CfWV!`�^cbeTe^�����^�Z:XBÆ�^:X�f.hBXY\W\eikjC^abJ��i�TWV
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Output

Classifier

Input Message

ÿNiv}~�]be^�Í]�ò¦�ÒN��V]^�be^6rM��f.^6r�X~f.Teiv`�XYTWivq�s#}~bGXt[]V
Xgf�q�sCrMivTWi�q~s�Ñ¯^6�~�CXth@TeqgTWV]^�f.q�sCr�i�TWivq�s5�¯qt�"TeV�^¥f.hBXt\e\eikjC^cb#��beq�Z � Ú TeV�XYT:�KXt\
XY\W\eq]f.iBXYTW^6r���ivTeV�TWVCXYT@`~^abeTW^.�NzN��ivTeV�XYs�q~�]Te[]��Tx��TeV�XYT@iv\OTeV�^"\.XYZ#^)XY\@TeV]^)q���Te[]�]T�{XY\W\eq]f.iBXYTW^6r:��ivTeV:TWV]^@`�^abWTe^.����ivTeV:��V]iBfWV:i�T�iv\Of.q�s�s]^6f.TW^6r�XtsCrJ��ivTeV�X)\WTebW^as]}�TWV�Ò
TeV�XYT�iv\�^6�~�CXYhQTeq)TeV]^�\eTebW^as]}~TeVE$qY��TWV]^@q�beiv}~i�s�XYh*f.hBXY\e\WikjC^ab6�
��V]^2bW^a\e��h�TWivs]}�f.hBXY\W\eikjC^ab�\edM\eTW^aZ°f.q�ZJ[]�]Te^c\�TeV]^2\.XYZJ^�����sCf.Teivq~s¥Xt\�TeV]^2q~beiv}�ivsCXth

q�s�^�z�|�^6faXt�]\e^_^a`�^cbed2f.hBXY\e\WikjC^ab�|�^6f.q~Z#^a\�X�f�Teiv`�XYTW^6r@��beq�Z4TWV]^�\GXtZ#^�ivs][��]T� �Z#^a\W\GXt}�^a\�XY\
ivs"TWV]^�q�bWiv}�ivsCXYhM\Wdn\WTe^aZ�z�XYs�r�^a`~^abed)\e��feV#f�h�Xt\e\Wi�j�^ab�iv\�f.q�s]s�^6f.Te^�r2Teq@TWV]^�\GXtZ#^�q��]TW[]�]T6z
^.�Cf.^a[�TO��q�b�TeV�^�q~s]^a\_TeVCXtTOrMiBr#s�q�T�VCX�`~^�XYs:q~�]Te[]��T�i�s:TWV]^�q�bWiv}�ivsCXYh�\edM\WTe^aZy|�^6faXt�]\e^
TeV�^ad:^asCrM^6ri�s:X"f�d�f�h�^~����V]^a\W^�\eTWivh�h*V�X�`�^�X�`�Xthv�]^�øMùCÖ9ûB×zù�ûGÖtz*��V]iBfWV�faXts:|C^���\e^6r:XY\
X)\eiv}~s�TWVCXYT�TWV]^@����sCf.Teivq~s#`�XYhv�]^@iv\��]sCr�^.jCs]^6r�����^@s]^a^6rTeV]iv\�\e[�^6f.iBXthN`�XYhv�]^@|�^6faXt�]\e^
��^#f.q��]hBrMseþ T@VCX�`~^2hv^.��T�f.hBXY\W\eikjC^abW\�TeVCXtT�^asCr�ivs�X:f.d]f.hv^#q���T�qt�KTWV]^2s]^a��\Wdn\WTe^aZ�zNXY\
TeV�^X~f.Teiv`�XtTeivs]}:Z#^a\W\GXt}�^a\2f.q���h�r,VCX�`�^#X~f.Teiv`�XtTe^6r,q�TeV�^ab�f�h�Xt\e\Wi�j�^abe\#XtsCrgXth�TW^abe^�r�TeV�^
���]s�f.Teivq�sQ�
��V]^@s]^c��\Wdn\WTe^aZ�Xthv\eq)VCXY\OX�sM�]Z2|C^cb>qt�	be��h�^c\OTeV�XYT�i�\�^�����XYh*Teq2q~b�hv^a\e\�TWVCXYs:TeV�^

sM�]Z2|�^ab�qY�Ùf.hBXt\e\eikjC^cbe\�i�s�TeV]^�q~beiv}�ivsCXth�\edM\WTe^aZ��N��^�VCX�`�^�q�s�h�d@bW^aZ#qY`~^6r�`~^abeTWiBf.^a\���bWq�Z
TeV�^#}�b.XY[]V�be^c[]be^a\W^asMTeivs]}�TWV]^2q�bWi�}~ivsCXYh�\edM\WTe^aZ�� ¿ ��Te^ab�TeVCXtT��>^2V�X�`�^2Z�X~rM^�^.�CX~f.Tehvd
q�s�^�f.hBXt\e\eikjC^cb�[�^ab@be^cZ�XYivs]ivs]})`�^cbeTe^���TeVCXtTObW^a[]be^c\e^asMTe^�rgX#f�h�Xt\e\Wi�j�^ab6z�\eqJTeV]^)sM�]Z2|�^ab
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�J���@ivT�iv\OTebW�]^)TeV]^as<TeVCXtTÃG é�â�;#��G��!� G ;G���V]iBfWV:Z#^6Xts]\�TeVCXtT�ë��57��WV_�]q]r:^cbGXYT
rM^aZJq�s]\WTeb.XYsCrM��Z��
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��^�VCX�`~^�rM^abWiv`�^6r�X�s]q~sM �Tebeiv`MiBXYh_be^a\W�]hvT�ivsÜTeV�i�\:��X�dgivs![]bWqY`Mi�s�}�TeVCXtTX,Z#^a\W\GXt}�^
hviv\eT@Z�XkÆ�^a\@s]q�rMiZY*^abe^as�f.^#ivs�X�f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZ¯��ivTeV�\eivZ#[�h�^)f.q�sCr�i�TWivq�s]\��"��T�Z2�]\eT
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TeV�i�\@b.XYTeV�^ab@TeV]^aq~be^aTWiBf2rMiv\Gf.�]\W\eivq�s�XYbW^"ivZJ[Cq~beTGXtsMT,Ò���ivTWV�XJh�ivTWTehv^@TeV]^aq~be^aTWiBf)^�YÙq~beT@��^
faXts�\GX�`�^2XJhvq�TOqt�K[�beq�}~bGXtZ#Z#iks]}2XYsCr�f.q�ZJ[]�]TW^ab@TeivZ#^�z*Xt\���^2faXYs�s]qY��fWV]qMq~\e^2TeV�^
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¿ h�TWV]q���}�V�TeV]^2iBrM^6XJqt��f.hBXY\e\WikjC^ab�\Wdn\WTe^aZJ\�iv\@bGXYTWV]^ab)\eivZ#[�h�^~zCivs�[]bGX~f.TeiBf.^JTeV]^c\e^#\WdM\� 
TW^aZ#\2faXYsÜ|�^6f.q~Z#^:bGXtTeV]^ab#f�q�Z#[�h�iBfaXtTe^6r��g��V]^cdgVCX�`~^�Z:XYsMd:��bW^a^�[CXtbGXtZ#^aTW^abe\#XtsCr
TWV]^2ivZ#[]hv^aZ2^asMTWi�s�}#f.q]rM^2Te^as�rM\�Teq<}�^aT�`~^abed<i�sMTWbeiBfaXYTW^�� ¿ \dc@q�hBrM|�^abW}�Àec(fhgji�Å�\GX�dM\,Òkml ó4ô.únLBû<ðpo#ÖBô qJò�ø1õ ózóKö#Ö	û�r�ø	üUñSò<õ.ñ�úú<ô ×iû�ðjú"o�úó û�÷ ñäú�öBù&û~÷RöBù&ökõ%ô.ó�ý1ô�ò(r<õ.öEòts�rbûòñBø9úEûövuUôtó�úSú]ôxw�û�ñBù�Ö^ô.ó�úUðñBùCÖ9öB÷~ù&ûúú"y�z Á:d�jCbe\WT#`~^abe\Wi�q~sÜqY�"X<���]hvhk ���^6XYTW�]be^6r�f.hBXY\W\eikjC^ab
\Wdn\WTe^aZ���XYivhv^6r2TWq2h�^�XYbes�Xth�ZJq�\WTKXtsndMTWV]ivs]}�XtTOXYhvh�zM\eq2�OrM^�f.iBrM^6r:TWq2i�ZJ[]hv^aZ#^csnT�X)\Wi�Z� 
[]hv^ab@`~^abe\Wi�q~s�Teq�fWV]^6fGÆ���VCXtT�^���X~f.Tehvd��>^csnT@��bWq�s]}�XYs�r�Teq:^.�]Te^as�r�ivT@\eTe^c[�|nd<\eTe^c[N�ÿQiv}��]bW^dg]�v�@\WV]qY��\OV]qY�4Z2d#f�h�Xt\e\Wi�j�^ab@\edM\eTW^aZ��³XYivhv^6rJZ#iv\W^abGXt|]hvd#TeqJhv^6XYbWs�TeV]^�\eivZ#[]hv^
Z2�]hvTWi�[�h�^���^cb� �[]beq~|]hv^aZ�â���V]iBfeV:��ivhvh*|C^@^.�][]hBXti�s�^6rJh�XtTe^ab��ò�
{ ÌEÍ µÇàUÞ 8qÔBØ§Ú�ÕBÔ"|PÞ_5 8~}�8eÓzÞ�Ø
��V]^@\Wdn\WTe^aZy��TeV�^as:i�ZJ[]hv^aZ#^csnTW^6r)iv\�^6�~�]iv`�XYhv^asMT�Teq�c@q~h�r�|C^abW}&þ \}Àec(fhgji�Å�â³fWVCXt[]Te^abT^~�az
\Wi�ZJ[]hv^�f.hBXt\e\eikjC^cb#\edM\WTe^aZ��4��V]iv\#f.hBXY\W\eikjC^ab:\edM\WTe^aZ;i�\2^���TWbe^aZJ^ahvdÜ\eivZ#[]hv^�����T#q~s]hvd
VCXt\�be��h�^c\"��ivTeVgXJ\Wi�s�}�hv^#f.q�s�rMivTeivq�sgXtsCr�TeV]^#f�q�sCrMivTWi�q~s]\"Xtbe^#q~s]hvd�TebW�]^#ik�OTWV]^ad�XYbe^
Z:XYTGfWV]^�r���ivTeV�XJZ#^a\W\GXt}�^a\Râ�\eq�TWV]^abW^�XYbW^2s]q:�]s]Z:XYTGfWV]^�r~ ³TWbe�]^#f�q�sCrMivTWi�q~s]\G�cz*ivT�VCXt\
s]q:[CXt\e\WTeV]bWq��]}~V]\"XYs�r�ZJq�\eT@ivZ#[�q�bWTGXtsnT�qt�HXthvh	ivT@VCXt\�s]q:Z#^a\W\GXt}�^. �hvi�\WT6���!ivTeV]q~�]T�X
ZJ^a\e\.XY}�^� ³hviv\eT�ivT@iv\Oq�s�h�d�faXt[CXY|�h�^)qY��i�ZJ[]hv^aZ#^csnTWivs]}"X2\Wivs]}�hv^)h�X�d~^ab�f�h�Xt\e\Wi�j�^ab@\edM\eTW^aZ��
��V]iv\)iv\�X�f.hBXY\W\eikjC^ab2\Wdn\WTe^aZxTeV�XYT)q�s]hvd�VCXY\2bW�]hv^a\2��V]iBfWVg[]bWq�r��Cf.^:q��]TW[]�]T2rMivbe^6f�Tehvd
��bWq�Z�TeV]^ci�b@ivs][]��T6�_��V]^abe^2iv\_s]q#[�q�\W\eiv|]ivhvi�T�dJqY�>bW�]hv^. efeV�XYivs]\O|�^aivs]}J��q~beZ#^�r*�Tf7^6faXY��\e^
qt�	TeV�i�\�TWV]^@|]�CfGÆ�^cT� �|]beiv}nX~rM^"Xth�}~q�bWi�TWV]Z&XYhv\eq)\eivZJ[]hvi�j�^a\>f.q~s]\eiBrM^ab.XY|]hvdM�¿ s�q�TeV�^ab�fWVCXts]}�^J��bWq�Z°Z2d�jCbW\eT#XtTeTe^cZ#[]T2��XY\)TeV]^<�]\e^�qt�±X�rMiZY*^abe^csnTJZ#^6fWVCXÕ 
s]iv\WZ{��q�b�|]iBr]r�i�s�}C�Q��s#q�b.rM^ab�Teq2rM^aTW^abeZJi�s�^�TeV]^�f.hBXY\W\eikjC^ab�TeV�XYT�i�\�XYhvhvqY��^6r�TWq"[�beq]rM�Cf.^
q~�]Te[]��T6z]TWV]^"f.hBXt\e\eikjC^cbO\edM\WTe^aZ �]\e^a\@X)s]q�s� �rM^cTe^abWZ#ivs]iv\eTWi�f_|]iBr]r�i�s�}Y �Z#^6fWVCXts]iv\eZ&f.q�Z� 
[CXtbGXt|]hv^OTeq#Xts�Xt�Cf.Teivq~sN����V]^@Z#^6fWVCXts]iv\eZ&TWVCXYT���XY\��]\W^6r:ivs#Z2d�jCbe\WT6z��³XYivhv^6r2\WdM\eTe^cZ
��XY\2X�bWq��]hv^aTWTe^. ���V]^a^chO\e^ch�^�f.Teivq�s�q�sgTWV]^:|]iBrM\)qY��TWV]^�X�f.TWiv`�XYTe^�rgf.hBXY\W\eikjC^abW\6�Ü��T2XY[M 
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[�^6XYbW^6r:X���TW^abKX±��^a��Te^a\WT� �be�]s]\�qt�	TWV]^O\Wi�ZJ[]hvikjC^6r�\edM\eTW^aZ�TWVCXYT�TeV�i�\�Z#^�feV�XYs]iv\eZ$VCX�rJX
TeqMq�V�i�}~V2[]beq~|CXY|�i�hvivT�d@qY�NfWV]qMq�\eivs]})f.hBXY\e\WikjC^abe\���ivTeV#X@hvqY��|]iBr*�N��V�^abe^.��q�be^�c@q�hBrM|�^abW}&þ \
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XYs�r:TeV]^cs¥fWV]qMq�\Wivs]}#TWV]^�V]iv}�V�^a\eT@|]iBrJ�KXt\�X~r]XY[]TW^6r*����iv\O\.fWV]^aZ#^)XYhv\eq#Xth�hvqY��^6r���q�b@X
V]iv}�V�^ab�hv^a`�^ahQqY��f.q�sMTebWq�hQqY`�^ab�TWV]^@|]iBr]rMivs]}C�

{ Ì.- /!0UÚ^ÞjÏ�ÔBØ§Þ�Ü~Ó�8���Ô<Ó�àÉÓ�àUÞ�Òm×~ÏzÏzÞjÒ4Ó�Ï�Û@ÕEÞ@8�Ú@ÏqÞ�8lÞ�Ü�Ó
NQ�][�^abeivZ#^csnTW\O��^abe^2rMq~s]^���ivTeV�TWV]^�\.XYZ#^@Z2�]hvTWi�[�h�^���^cb>\Wdn\WTe^aZ¯XY\�c@q�hBrM|�^abe}@Àec(fhgji�Å
rM^a\.f.beiv|�^a\6� ¿ Z2�]hvTeiv[]hv^.�]^ab�iv\�X2hvq�}~iBf�f.ivbGf.��i�T@TWVCXYT@VCXt\±r�XYTGX:XtsCr�Xts�X�r�rMbe^a\W\"XY\@ivTe\
ivs][]�]TW\6����V�^�hv^as�}�TeV�qY�OTWV]^�X�r]rMbW^a\e\2iv\F��|]ivTW\�XtsCr�TWV]^:h�^cs]}�TWVgqY�OTWV]^�r]XYT.X:iv\�¦ è|]ivTe\��O��V�^�q��]TW[]�]T_qY��TeV]^)Z2�]hvTeiv[]hv^.�]^ab�TeV�^as�iv\_TeV]^�`�Xthv�]^�qY��TWV]^�|]ivTOivs�TWV]^"r]XtTGX�q�s
TeV�^�[�q�\WivTeivq�s2}~i�`~^as#|Md2TWV]^�X�r]rMbW^a\e\jâ�\e^a^_jC}~�]be^(g�� ¦~�a�Q��V]^O\Wim�a^@qY�	TWV]^OZ2��h�TWiv[]hv^.�]^ab�iv\
}�iv`~^as�XY\�TeV�^�sM�]Z2|�^ab�qY��|]ivTe\�ivsJTeV]^"r�XYTGX��
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|]bWiv}nX�r�^�faXts]s]q�T�|�^"f.q~s]\eiBrM^cbe^6r�X)}~qMq�r��KX�d2qt�>rM^aTe^cbeZ#ivs]ivs]}�TeV]^@j�Tes]^a\W\Oqt��bW�]hv^a\6�
��V]^)^.�][C^cbeivZ#^asMTW\���^abW^�rMq~s]^)��i�TWV�T���q�r�i]Y*^abW^asMT�|�i�r�rMivs]}Y �\GfWV]^aZJ^a\6z���ivTeV�\eq~Z#^

rMiZY*^abe^csnT7[CXYb.XYZ#^cTe^abW\6����V]^�}~bGXY[�V]\���i�hvh]\WV]qY�gq~s"TWV]^Od~ eX��]iv\�TeV]^OX�`~^abGXt}�^�qY`�^abO��m�m~m�m
bW�]s]\Oqt��TeV]^�\WdM\eTe^cZyqY��TeV]^)X�`�^ab.XY}�^@qt��TWV]^�[CX�d~q%Y�qY`~^ab�Te^cs�f.q�s�\e^6f.��Teiv`�^2XYs]\W�>^cbe\Oqt�
TWV]^"f.hBXY\W\eikjC^ab@\Wdn\WTe^aZ�����V]iv\�[CX�d~q%Y�i�\��±��q�b@X)beiv}�VMT@XYs]\W�>^ab@XYsCr��a^abeqJ��q~b�^aivTeV]^cb�s�q
Xts]\e��^ab�q�b�X���beq�s�}�Xts]\e��^ab6����V�i�\�X�`�^cbGXY}~^Oqt��X�`�^cbGXY}~^a\�iv\>s�^6f.^a\W\GXYbWd:Teq)[]be^a`~^asMT�TeV]^
}~bGXY[�V���beq~Z�|�^6f.q�ZJivs]}:TeqMq�s]q~i�\Wdn�SÃOs�TeV]^��M �XÕ��iv\@TeV�^#sM�]Z2|�^ab@qY��TebGXtivs]ivs]}�f.d]f.hv^a\
TWVCXYT�TWV]^�f.hBXY\e\WikjC^abO\WdM\eTe^cZ�VCXt\�VCX�r:Xtbe^@\eV]qY��sQ�
��V]^HjCbe\WT�|]iBr]rMivs]}Y �\GfWV]^cZ#^O��XY\�TeV�^Obeq~�]hv^aTeTW^. ���V]^a^ah�����V�^�\W^ahv^6f.TWi�q~s:�KXt\KrMq~s]^Oq~s

TWV]^#|]iBrM\�zNTWV]^#\.�~�CXYbW^a\2qY�OTWV]^#|]iBrM\)XYsCr�TWV]^�f.��|C^a\2qt�OTeV]^J|]iBrM\6�:��V�^#be^c\e�]hvTe\Sâ�\W^a^
jC}~�]be^Fg]�eU~�O��^abW^2h�^c\e\@TeVCXts�ivZ#[]bW^a\e\Wi�`~^�^a`~^as�TeV]q~�]}�V�TeV�^2\G�~�CXYbW^6r�XYsCr�f.�]|�^6r�|�i�r�\
ivZ#[�beqY`�^�r)TeV]^@[�^ab���q~beZ:XYsCf.^�X)|]ivT��
��V]^)\e^6f�q�sCr,\GfWV]^aZJ^"��XY\@TeV�^"s]q~iv\ed�Xt�Cf.Teivq~s�TWVCXYT(c@q~h�r�|C^abW}^À cJfGg�i�Å�V�XY\@�]\e^�r*�

��V]^2XYZJq��]sMT�qt�>s]q�iv\W^�X~r]rM^6r���XY\_`�XYbeiv^6r�X�f�beq�\W\�TeV�^"^.�][�^abeivZJ^asMTe\6����T@\eV]qY��\_��bWq�Z
TWV]^"bW^a\e��h�TW\Râ�\W^a^)jC}~�]be^Fg]� ln�HTeVCXtT�X:f.^abWTGXti�s�\eZ:XYhvhNXYZJq��]sMT�qt�>s]q�iv\W^"}~i�`~^a\OTWV]^2|�^a\eT
bW^a\e�]hvTW\6�_��V]^�XtZ#q~�]sMT>qt��s�q�iv\e^�\WV]q���h�rs]q�T_|C^)TeqMq#hvqY�4XY\@X#f.q~Z#[]hv^aTW^ahvd#rM^aTe^cbeZ#ivsM 
iv\eTWiBf2\GfWV]^cZ#^�r�qn^c\"s]q~T�Xt[][�^6XYb2TWq��>q~bKÆ�`~^abed���^ahvh>[�beq�|�XY|]hvd�|�^6faXY��\e^:ivT"TW^asCrM\2TWq
[]bW^a\e^cbe`�^:TWV]^#\WTGXYTW�]\2����q�TeqMq�Z2�CfWVN����V]^�rM^cTe^abWZ#ivs]iv\eTWi�f)\.fWV]^aZ#^#Xthv\eq�iv\�TWV]^#q~s]hvd
q~s]^:TeVCXtT2VCXY\:X�rM^6f.bW^6XY\W^�ivsÜ[C^cb���q~beZ�XtsCf.^�rM�]bWivs]}�TeV]^<h�^�XYbes�i�s�}�[]beq]f.^a\W\6�4����TWV]iv\
iv\@\eiv}�s�i�j*faXYsMT@ivT"f.q���h�r<|�^�rM�]^2TWq�X:[]V]^as�q�Z#^cs]q�s�faXYhvhv^6r_ö%LBû<ð]ó*ðñBôYù,ô ùMüÕz�XJ[]beq~|]hv^aZ
TWVCXYT@iv\"XYhv\Wq�^csCf.q���snTW^abe^�r�ivs�s�^a�]bGXth>s�^aT��>q~bKÆ�be^a\W^6XYb.fWV�Àe�T�jÂHi��Åe�RÃO`~^abeTWbGXti�s�i�s�}�iv\
X2rMiv\W[]beq~[Cq~beTeivq~sCXYhNX~r]XY[]T.XYTWi�q~s#TWq2TeV]^�iBrMivq~\edMsCf.b.XY\eiv^a\�qt��TeV]^�r]XtTGX)\e^cTOq�s:��V]iBfWV:TeV]^
\Wdn\WTe^aZ�iv\>TWbGXti�s�^6r*� ¿ s]q�iv\e^� ��³X~f.Teq~b>TWVCXYT�rM^6f�be^6Xt\e^a\�XY\�TeV�^�\WdM\eTe^cZ�iv\�TebGXtivs]^6r:faXYsJ|C^
TWbeiv^6r*�H�HqY�>^a`~^ab6z�TeV]iv\�VCXt\�s]q�T�|�^a^as�XYTeTW^aZ#[�Te^6r�i�s:TWV]iv\�be^a\W^6XYb.feVQ�
��V]^a\W^�be^a\W�]hvTe\�\eV]qY�Üf.hv^6XYbWhvd�TeVCXtT�X�f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZ&faXts2}�iv`�^>f�be^6rMivT�TWq@TeV]^�bWi�}~VMT

bW�]hv^a\�ivsgX:`�^cbed�^�YÙ^�f.Teiv`�^J�KX�d�ik�KTWV]^#|�i�r�rMivs]}:\edM\eTW^aZ¯i�\�beiv}�VMT"XtsCr�ik�KTWV]^#bW�]hv^2\e^aT
|�^.��q~be^aVCXtsCr�f.q~sMTGXYivs]\_TeV]^)be��h�^c\�TWVCXYT@XYbW^�\eq~�]}�VMT���q�b6�H�!V]^aTWV]^ab�X#f.hBXt\e\eikjC^cb�\WdM\eTe^cZ
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’random’
roulette wheel

squared roulette wheel
cubed roulette wheel

ÿQi�}~�]be^(g�� U�ÒoÁq�s,Æ~^ad#��bW^asCfWV]^a\@��ivTeVJbeq���h�^cTeTe^� ³��V]^c^ahv\
��ivTeV�TWV]iv\�f.bW^6rMivT�XY\W\eiv}�s]ZJ^asMT� �\GfWV]^aZJ^@i�\OXthv\eq�Xt|]hv^@Teq�r�i�\.f.qY`�^cb�TWV]^�bWi�}~VMTObe��h�^�\e^aT@iv\
XYs�Xth�TWq�}~^aTeV]^cbOrMiZYÙ^abW^asMT��~�]^a\WTeivq�s:��V]iBfWV:�>^@��ivhvhÙr�i�\.f.�]\W\�ivsJTeV]^@s]^.�]T_[CXYb.XY}�b.XY[]VQ�
{ Ì.´ /!0UÚ^ÞjÏ�ÔBØ§Þ�Ü~Ó�8���Ô<Ó�àU×RÛSÓîÓ�àUÞ���Þ�ÜUÞnÓ�ÔEÒ�� ÕEß~×�Ï�Ô<Ó�à@Ø
����TeV]^�f.hBXY\e\WikjC^ab2\edM\WTe^aZ iv\2\eT.XYbWTe^6rÜ��ivTWV�X�b.XYsCr�q�Z°bW�]hv^�\e^aTJivT"Z2�]\WT"|�^�Xt|]hv^�TWq
ivZ#[]bWqY`�^)ivTe\)[C^ab���q�bWZ�XtsCf.^#|Md�rM^6f.bW^6XY\Wivs]}�TeV]^JivsMLC�]^as�f.^:qY�Obe��h�^c\2TeVCXtT"}~i�`~^2��beq~s]}
XYs�\e��^abe\��Ü��T"��q��]hBr,|C^�X<`�^abWd�}�be^�XYT#f.q~i�s�f.iBrM^asCf.^~z>V�qY�>^a`~^ab2ik�OTeV]^:\Wdn\WTe^aZx��q��]hBr
|�^�XY|�h�^2TWq:be^6X~feVÜX��6m~m	�yf.q~bebW^6f.T#XYs�\e��^abe\)��ivTeV�q�s�h�dj]��T�d�b.XYsCrMq~Z¯be�]hv^a\"Xt\�ivT�iv\
s]q~T2`�^abWdghvi.Æ�^ahvd�TeV�XYT2TeV�^a\e^���ivhvhOf.q~snT.XYivs�Xthvh�TeV]^:s]^6f�^a\e\.XYbed�i�s���q�bWZ�XYTWivq�s�Teq�\eq~hv`�^
TeV�^#[]bWq�|]hv^aZ°XYT@VCXtsCr*�:��V]^cbe^.��q~be^J�>^2��ivhvh�i�sMTWbeq]rM�Cf.^JTeV]^J}�^as�^aTeiBf2XYhv}~q�beivTWV]Z·Xt\"X
Z#^�feV�XYs]iv\eZ�qY�	ivsM`�^csnTWivs]}"s�^a��bW�]hv^a\���q�b�TeV]^�\WdM\eTe^cZ��f7^.��q~be^)TeV]iv\@�>^�jCbW\eT@s]^a^6r�TWq�f.q~s]\eiBrM^cb�TeV]^)[�^ab���q~beZ:XYsCf.^)qY��X#f.hBXY\W\eikjC^ab�\edM\eTW^aZ
TeV�XYTO\WTGXtbeTe\@��ivTeV�X�bGXYs�rMq�Z�be�]hv^�\W^aT6z�|]��TOTeV�XYT�r�qn^c\�s�q�T�ivsMTebeq]rM��f.^"s�^a�4be�]hv^a\_ivsnTWq
TeV�^�\WdM\eTe^cZ�z�i�� ^���ivT)��ivh�h�s]q~T"�]\W^�X�}~^as]^aTWi�f:Xth�}~q�bWi�TWV]Z��<��V]iv\"iv\2\WV]qY��sgivs�j�}��]bW^g]�e\�z���V]iBfWVÜ\eV]qY��\2TWV]^:\GXYZJ^�X�`~^abGXt}�^:qY��X�`�^ab.XY}�^c\#XY}nXtivs]\eT2TWV]^:sn��Z2|C^ab)qY��f.d]f.hv^a\
XY\)ivs�TWV]^#[�be^a`Mivq��]\±jC}��]bW^a\6�<��s�q�b.rM^ab)Teq�fWV]^6fGÆ�ik��TeV]^J|]iBr]rMivs]}:\GfWV]^aZJ^a\�ivsMLC��^asCf.^
TeV�^#[�^ab���q~beZ:XYsCf.^~zNTWV]^#}~bGXY[�V�i�\@bW^a[C^�XYTe^�r���q�b@��q~�]b"rMiZY*^abe^csnT�`�XYhv�]^a\�qt�O\eiv}�Z:X]z�TeV�^
`�XYbWiBXYsCf.^@qt�	TeV�^�s]q�iv\W^±X~r]rM^6r��ÿ�beq~Z�TWV]^a\e^)be^c\e�]hvTe\�i�T�iv\@f.hv^6XYb@TeV�XYTOTWV]^)bGXYs�rMq�Zyf.hBXY\W\eikjC^ab@\edM\WTe^aZ ��i�TWV]q���T�}�^. 
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’random’
deterministic

Sigma = 0.05
Sigma = 0.1
sigma = 0.2

ÿQiv}��]bW^�g�� l$ÒlÁ:q�s,Æ~^ad#��bW^asCfWV]^a\@��ivTeVJs]q�iv\Wd#|]iBrM\
s]^cTeiBf�XYhv}�q~beivTeV�Z4i�\�s]q~T�X@`�^abWd�}�qMq]r�h�^�XYbes�i�s�}�\WdM\eTe^cZ��Q�!V]^abW^6XY\�TeV]^�[�^ab���q�bWZ�XYs�f.^>qt�
X�bGXYs�rMq�Z�\edM\eTW^aZ���q���h�rVCX�`�^�|�^a^as�\�m9��f�q�bebW^6f.T�zNTWV]^"[�^ab���q�bWZ�XYs�f.^�qY��TWV]^"TW^a\eTW^6r
\Wdn\WTe^aZyiv\OÍ�\	�&f.q~bebW^6f.T@ivs#TeV�^�|C^c\eT�faXY\W^�����V�i�\_iv\�be^6X~feV�^6r�X���Te^abOXt|Cq~�]TO¦�m~m�m2f.d]f.hv^a\
qt�OTeV]^J\edM\eTW^aZ XYs�r�}�iv`�^a\)�]\2XYs�ivsCrMiBfaXtTeivq�s�qY�OV�qY�&Z�Xtsnd�f.d]f.hv^a\2qt�OTeV]^:f.hBXY\W\eikjC^ab
\Wdn\WTe^aZ \eV]q~�]hBr�|�^)[C^ab���q�bWZ#^6r|C^.��q�be^2TWV]^2f.hBXY\e\WikjC^ab�\Wdn\WTe^aZ be^6X~fWV]^a\2X2\eT.XY|]hv^)\eT.XYTe^
XtsCr2TWV]^�}�^cs]^aTeiBf�Xthv}�q�bWivTeV]Z&faXts�\.X���^ch�d2T.XBÆ~^±X~f.Teivq~sN�
��V]^�ZJ^6rMivq]f.be^@[�^ab���q�beZ:XYsCf�^�qt��TeV]^�\WdM\eTe^cZ�faXYs:qY�>f.q~�]be\W^"|�^�^.�][]hBXti�s�^6rJ|ndJTeV]^

�³X~f.TNTWVCXYT�s]q~T�XYhvh�TWV]^>bW�]hv^a\�TeVCXtT�XYbe^�s]^6f�^a\e\.XYbed2TWqO\Wq�hv`�^�TeV]^�Z2�]hvTeiv[]hv^.�]^ab*[�beq�|�h�^cZ{XYbe^
[]bW^a\e^csnT�XtTOTeV�^"q~�]Te\W^aT�XYsCr:TWVCXYT_s]q#s�^a�4be�]hv^a\�Xtbe^�ivsMTebWq�r��Cf.^6r*��f7�]T@�>^�Z2��\eTOXYhv\Wq
fWV]^6fGÆ:ik��TeV]^)ivh�hk �[C^cb���q~beZ#ivs]}�be�]hv^a\@XYbe^��>^6XkÆ�^as�^6r�bW^ahBXYTWi�`~^ahvd#TWq#TeV�^��>^ch�hk �[C^cb���q~beZ#ivs]}
q~s]^a\6����^�^���[�^6f.T@TWVCXYT_i�s:\Wi�TW�CXYTWivq�s]\���V]^cbe^2X)}�qMq]r#bW�]hv^"XY\_�>^ch�h�XY\@X)|CX�rJbe��h�^)XYbe^
Xt[][]hviBfaXY|]hv^�zMTWV]^�}~qnq]rJbe��h�^���i�hvh*|�^�TeV�^�q�s]hvd2q~s]^�[]bWq�r��Cf.ivs]}#XYs�\e��^abe\�X���Te^ab@X)��V]ivh�^~�
��V]iv\�iv\�\eV]qY��s:ivsJjC}��]bW^(g]�e^]���qY��^a`~^ab�ivs2\eivTe�CXtTeivq�s�\>��V]^cbe^�q~s]hvd�X�|CX�r�be�]hv^@iv\KXt[][]hviBfaXY|�h�^jâ�XY[][�beq��]ivZ�XYTW^ahvd�ivs
¦�\	��qt�	TeV�^"faXY\W^a\�Xt\�ivTOXY[][�^6XYbW\���bWq�Z&TWV]^@}�b.XY[]VC��TWV]^�|]iBrJqY��TeV]iv\�bW�]hv^���ivhvh*|�^6f.q�ZJ^
hv^a\W\KXtsCr2hv^a\W\OXYsCr�TeV]^@be��h�^_��ivh�h�|�^�bWqMq�Te^�r2q���T>|Md2TeV�^�}~^as]^aTWiBf�Xthv}�q�bWivTeV]Z��C��V�^�|�i�r�\
qt�Nbe�]hv^a\�}�iv`Mivs]}@}�qMq]r#XYs�r)|CX�rJXYs]\W�>^abW\OXYbW^O\eV�qY��s#ivs)jC}���be^ng��òÍ]�Q��V]iv\>}~bGXY[�V2\eV]qY��\
TWV]^"\.XYZJ^±X�`~^abGXt}�^)qY`�^ab)�6m~m�m�m)bW�]s]\�qt��Te^as�f.q�s�\e^6f.��Teiv`�^2[]bWq�|]hv^aZJ\�Xt\OTeV�^"[]bW^a`Mivq��]\
}~bGXY[�V]\6�
��^�s]qY�4V�X�`�^�}~qnq]rJ^a`MiBrM^asCf�^2TeVCXtT�XY[�[]hvi�fcXYTeivq~s�qt�KX2}~^as]^aTWiBf"Xth�}~q�bWi�TWV]Z&q~s�TeV]^

bW�]hv^�\e^aT���i�hvh*ivZ#[�beqY`�^@TWV]^"[�^ab���q�bWZ�XYs�f.^�ik�>��^��]\e^2TWV]^�|]iBr:qt�KX2bW�]hv^�Xt\OTWV]^�j�Tes]^a\W\
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’random’
deterministic

Sigma = 0.05
Sigma = 0.1
sigma = 0.2

ÿQi�}~�]be^(g�� \�Ò��_XYsCr�q�Z&f.hBXY\W\eikjC^ab_\edM\eTW^aZy��ivTeV]q~�]T>}~^as]^aTWiBf�XYhv}�q~beivTeV�Z

qY��ivsCrMiv`MiBrM�CXth�\7i�sJTeV]^�[Cq~[]�]hBXYTWi�q~sN�

{ Ì�X /!0UÚ^ÞjÏ�ÔBØ§Þ�Ü~Ó�8���Ô<Óià Ó�àUÞ���Þ}Ü>ÞmÓ�ÔEÒ�� ÕEß�×~Ï�Ô<Ó�à@Ø
��V]^"Xt[][]hviBfaXYTWivq�s#qt�>X)}�^as]^cTeiBf"Xthv}�q�bWivTeV]Z�Teq:f.hBXY\W\eikjC^ab_\edM\eTW^aZ#\_��V]^as�f.q]rMivs]}2\Wivs]}�hv^
be��h�^c\"XY\�fWV]beq~Z#q~\eq�ZJ^a\Oiv\@s]q~T�bW^6XYhvhvd:\eTWbGXYiv}~VnT���q�bW�KXtbGr*� ¿ s�q�b.rMivsCXYbWd�}�^as�^aTeiBf2XYhv}~qY 
beivTWV]Z TW^asCrM\2TWq�[Cq~[]�]hBXYTW^#q~s]hvd�q�s]^:q�[�TeivZ2�]Z�z���V]iBfeVÜTWbGXYs�\ehBXYTW^a\2TeqgX<\e^6XtbGfWVÜ��q~b
X:\Wi�s�}�hv^"|�^a\WT�be�]hv^2ivs�X�f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZ���f���T�ivs¥X:f.hBXY\W\eikjC^ab�\edM\eTW^aZ°TeV�^abe^JZ2�]\eT
|�^�X�\e^aT_qY�Kf.qMq~[C^ab.XYTWi�s�}#be��h�^c\�ivs:q�b.rM^ab_��q~b�i�T_TeqJ|C^"Xt|]hv^�TeqJ\eq~h�`~^�TeV�^�Z2�]hvTeiv[]hv^.�]^ab
[]bWq�|]hv^aZ��#��^2Z2�]\WT@TeV]^abW^.��q~be^�fWVCXYs]}~^2TeV]^J}�^as�^aTeiBf#Xthv}�q�bWivTeV]Zy\Wq�TWVCXYT�ivT���ivhvh�s]q~T
q�s�h�d2q~[]TeivZJi��c^OTeV�^Oj�Tes]^a\W\@qY�	TWV]^�fWV]beq~Z#q�\Wq�ZJ^a\�|]�]T@XYhv\eq)TeV�^aivbOrMiv`�^abW\eivT�dn�¿ \GfWV]^cZ#^�TeVCXtT	��ivhvh]rMqOTWV]iv\�iv\	rM^c\Gf.bWi�|�^6r�|nd)rM^���q~s]}�Àe��NO�nÍ�\�ÅezYXYsCr���XY\�X�r]Xt[]Te^�r
|Md�c@q�hBrM|�^abW}8Àec(fGg�i�Åe�N��T�iv\>faXYhvhv^6rJf.beqY�OrMivs]}��N��V�^O\GfWV]^cZ#^O��\e^6rJivs2TeV]^_Te^a\WTe\�ivs2TeV�i�\
[CXt[C^ab�iv\>rMivbe^�f.Tehvd#X�r�XY[]TW^6r)��q~beZ:c@q�hBrM|�^abe}�þ \�|CqMq9ÆÙ�Q��s2TeV�i�\�\GfWV]^cZ#^�T���q�[CXYbW^asMTe\�XYbW^
\e^ch�^�f.Te^6r��i�TWV2beq~�]hv^aTeTW^. ³��V�^a^ahN\W^ahv^6f.TWi�q~s�XtsCr#f.bWq�\W\e^6rJ�]\Wi�s�}"f.beq~\e\WqY`�^abOXtsCr2Z2�]T.XYTWi�q~s
��ivTeV�X#f.^cbeTGXtivs�[]beq~|CXY|]ivhvivT�d#TWq�[�beq]rM�Cf.^#X:fWV]ivhBr*� ¿ fWV]beq~Z#q�\Wq�ZJ^���ivTWV�hvqY��jCTes]^c\e\
XYs�r2��V]iBfWV#iv\�`�^abWd2\eivZ#ivhBXYb�Teq)TeV�^�s�^a��fWV]ivhBr)i�\�TeV�^as:\e^ahv^6f.TW^6r:ivs#TWV]^���q�hvhvqY��i�s�}���X�dGÒ
X)sM�]Z2|�^ab>qt��bGXYs�rMq�Z&\W�]|][�q�[]��h�XtTeivq�s�\�i�\�}~^as]^ab.XYTW^6r*�iÿ�beq~Z&^6X~feV<qY�	TWV]^a\W^"TWV]^@h�^�XY\eT
jCT�ivsCr�i�`MiBrM�CXth�i�\�fWV]q~\e^asNz�XtsCr<��bWq�Z�TWV]iv\@\e^aT)qY���]sMjCT�i�s�rMiv`niBrM��XYhv\6z�TeV�^#q�s�^#feV�q�\e^cs
��q~b�be^a[]hBX~f.^aZ#^csnT�iv\�TWV]^@q�s]^@TeV�XYT�iv\�TeV]^@ZJq�\eT�\eivZJi�hBXtb	TWq2TeV]^�s]^a�4feV�i�hBr*�
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right answers
wrong answers

no answers

ÿQiv}��]bW^(g]�e^�ÒOc@qMq]r*z�f>X~r:XYsCrJs]q2XYs]\W�>^cbe\Oqt�>X�b.XYsCrMq~Z�Ý4ÄJ��ivTeV]q~�]TTc ¿
��VCXtT�TeV]^���\e^�qY�NX@bW^a[]hBX�f.^cZ#^asMT� �\GfWV]^cZ#^��]\Wi�s�}±f�beqY�OrMivs]}@iv\�be^�XYhvhvd�s]^6f.^c\e\GXtbedJ�KXt\

\WV]qY��sg|Md�\eq~Z#^2[]bW^ahvivZ#ivsCXYbWd�be^c\e�]hvTe\2[�beq]rM�Cf.^�rg|Md�TWV]^�f.hBXY\e\WikjC^ab)\edM\eTW^aZ ��\eivs]}�X
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Z:X��]}�^as \�m §jøM÷¨rû�ðxövujü	û<ù&û�ðbñäó*ô�öBùMújóKûúóKûGÖ
f.bWqY�OrMivs]}Y��X�f.TWq�b U §jøM÷¨rû�ðxövujú<ø�r�ï,öï�ø1õ.ñ�ó�ô�öBùÊú}ó û]úó û.Ö{ó öH×zùCÖR÷Rö�úóú<ôY÷~ôYõ.ñBð�ò]ý1ðöB÷Rö�úEöB÷Rû�óKö~ù&û"« òýMôYõ�Ö
f.bWqY�OrMivs]}�\W�]|][�q�[ �6m §jøM÷¨rû�ðxövu�ò]ý1ðbök÷{öäúEöB÷Rûú}ôYù>ó�ýÊûxú<ø�r�ï,öï�ø1õ.ñ�ó�ô�öBù
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TWq�}�^as�^abGXth�im�a^���V�XYT�ivT�VCXt\�hv^6XYbWs]^6r*����V�i�\7�KXt\>rMq�s�^���i�TWV2TeV]^�hBXtbe}�^Of�h�Xt\e\Wi�j�^ab>\WdM\eTe^cZ
��ivTeVJTeV]^�q�bGr�i�s�XYbed2|��CfGÆ�^aT� ³|]bWiv}nX�r�^��c@^as�^abGXth�im�6XtTeivq�sJiv\>TWV]^"XY|�i�hvivT�d)Teq2f.hBXY\e\Wik��d#f.q�bWbe^6f�Tehvd:\GXYZJ[]hv^a\7��beq~Z&TeV]^@[]bWq�|]hv^aZ� 
\W[CX�f.^�TeVCXtTOTeV�^�\edM\eTW^aZyVCXt\�s]q�T_\e^a^as�rM�]beivs]}JTeb.XYivs]ivs]}C����s<TeV]^�TW^a\eT_TeVCXtTO��XY\OrMq~s]^�z
TWV]^:\edM\eTW^aZ ��XY\2TWbGXti�s�^6r,jCbe\WT2��i�TWV!X�b.XYsCrMq~Z°\e��|]\e^aTJqY��¦�m�m~m�Z2��\eV]bWqnq~Z#\_��bWq�Zg��6¦Yl�� ¿ ��Te^ab�TWV]iv\>}~^as]^ab.XYhvim�6XYTWi�q~s#��XY\�Te^a\WTe^6rJ��ivTeV��6m~m@q�TWV]^ab�Z2�]\WV]beqMq�ZJ\�TeVCXtT>��^abe^
b.XYsCrMq~Z#hvd�\W^ahv^6f.Te^�r:��bWq�Z&TWV]^(g]��¦YlC�Q��V]^@\edM\WTe^aZ�f.hBXt\e\eikjC^�r�f�q�bebW^6f.TWh�d�Xt|Cq~�]TTi�m9�{qt�
TWV]^@Z2�]\eV]bWqMq�Z#\7TeVCXtT��>^abW^�s]q~T�i�s:TWV]^�Teb.XYivs]ivs]}t ³\W^aTOXYsCrJivT�XYhv\eq#f.hBXt\e\eikjC^�r�f.q�bWbe^6f�Tehvd
Xt|Cq~�]T�i�m9�¯qY�@TeV]^�Z2��\eV]bWqnq~Z#\�ivs�TeV]^�TWbGXti�s�i�s�}Y �\e^aT��Ü��V]iv\2i�\2^c`niBrM^csCf.^:��q~b2}�qMq]r
}~^as]^ab.XYhvim�6XYTWi�q~sN�
Ì ½W¿�½�ê ä#Æ�Ä]Æ�Å&É*Ì]ÉQÄ�Ò
��^���ivhvh�[]be^c\e^asMT�TWV]^2[CXYb.XYZJ^aTe^abW\Oqt�KTWV]^"\WdM\eTe^cZ·��\e^6r�ivs�TWV]^2^.�][C^cbeivZ#^asMT_i�s�TGXt|]hv^i�� ¦��sÁ:q~\eT�qY�	TWV]^aZ�Xtbe^_^6�~�CXYh�Teq)TeV]^@q~s]^a\��]\e^6rJivs2TeV�^�^���[�^abWi�ZJ^asMT���ivTeVJTeV]^_\eivZ#[]hv^
Z2�]hvTWi�[�h�^���^cb� �[]beq~|]hv^aZ��JÄMq~Z#^:ivZ#[�q�bWTGXYsMT2q~s]^a\#V�X�`�^�^a\W\e^asMTWi�Xthvh�d!rMiZY*^abe^csnT:`�Xth���^a\6�
��V]^c\e^�ivsCf.hv�Cr�^�TeV]^�h�ik��^� ³T.X��NzMTeV]^@`�Xth���^�qt�>XYhv[]VCX)XYsCrTeV]^�\Wim�a^�qY��TeV]^)f.hBXY\e\WikjC^abe\�XtsCr
fWV]bWq�Z#q~\eq~Z#^a\��

Ç Ì.- µÇàUÞêÎ�Ñ}Ï�Ô<Ó�}¯Î�Ïz×²ë�ÕEÞ�Ø
��V]^�\eivs]}�hv^. �hBX�d�^abOf�h�Xt\e\Wi�j�^abO\Wdn\WTe^aZJ\OivsM`�^a\WTeiv}nXtTe^6rTeVM�]\���XYbO��^abW^�q�s]hvd:XY|]hv^�TWq#hv^6XYbWs
[]bWq�|]hv^aZJ\OTWVCXYT���^abW^2\eq�hv`�Xt|]hv^"|Md�hvq�}~iBfaXYh�^.�][]bW^a\e\Wi�q~s]\)i�s�rMiv\�æ��]sCf.TWi�`~^2s]q�bWZ�Xth*��q~beZ
TWVCXYT�V�X�`�^�X±sn��Z2|C^ab7qY�	f.hBXY��\e^a\�TWVCXYT�iv\�hv^a\e\�TeVCXts#q~b�^6�~�CXYh�Teq)TeV�^OsM�]Z2|�^ab�qY�	f�h�Xt\e\Wi� 
jC^cbe\�Xt\O^6X~fWV�f.hBXY\W\eikjC^ab@faXYs�T.XBÆ~^"faXYbW^�qY�>X2f.hBXt�]\e^)ivs�TWV]^"rMiv\mæ.�]sCf.TWiv`�^@s]q�bWZ�Xth���q�bWZ��
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[�q�[]�]hBXtTeivq�s]\Wim�a^ \�m�¶�¦~m�m §�øM÷¨rû�ð�ö�u~òýMðböB÷Rö�úEök÷{û]ú}ôYù>ó�ýÊûhïÊö]ï&øMõIñäó*ô�ökù
fWV]beq~Z#q~\eq�ZJ^ahv^as]}~TeV �Qg~m ©Èû�ùMü�ó�ýPö�unó�ýÊû~òýMðbök÷{öäú�ök÷{ö�û]ú�ôYù>ü	û<ù�ûú
f.hBXY\W\eikjC^abW\edM\eTW^aZ#\Wim�a^ \~m §�øM÷¨rû�ð�ö�u~ò<õ.ñ�úú<ô ×iû�ðú�ôYù!ó�ý,û�ò�õIñäúbú<ô ×�û<ðnú"o�úó û�÷
Z#^c\e\GXt}�^ahv^as�}�TeV \~Í ©Èû�ùMü�ó�ýPö�u}ñÙ÷{û]úú�ñäükû
f.bWq�\e\WqY`�^abW[]beq~|CXY|�i�hvivT�d m��eg ªiðbö�rbñ�r<ô õ%ô.ó�o{övu�ò�ðbö�úúEö%LBû�ð�rû]ó1«�ûbû�ù>ó�«iö8ò]ý1ðöB÷Rö�úEöB÷Rû]ú
Z2�]T.XYTeivq~s][]beq~|CXY|�i�hvivT�d m]�òm~m]� ªiðbö�rbñ�r<ô õ%ô.ó�o{övu}÷~ø	óKñ�ó�ô�ökùPö�u�ñ{ükû�ù&û
XYhv[]V�X m��òm]� ¬�ñ�ó�ô�ö�rû]ó1«�ûbû�ù>ó�ýÊû²r<ô�Ö�ú�ö�ujó�«iöRò�õIñäúbú<ô ×�û<ðú}ö�u�û��ø,ñBõ�úó�ðbû�ùMü�ó�ý�®öBù&û²«zôtó�ý,öBø9óG«zôYõvÖ	òñBð.Ö�ú}ñBùCÖ>öBù�û�òöBùÊú]ôtúbó�ôYùMü8ö�u~öBù,õZoF«zôYõ�Ö9òñBðGÖäú
ivs]ivTeiBXYhv\WTebe^cs]}�TWV ��m l ù,ô.ó�ô�ñkõ�úó*ðû<ùÊüEó�ýUö�u�ñSò<õ.ñ�úú<ô ×iû�ð}ñ�uóKû<ð�ôYù,ô.ó�ô�ñBõ[ômwEñ�ó�ô�öBù
|]iBr]f.q~s]\eT.XYsMT m��v� ª�û<ðòû<ùMóKñ�ü	û~ö�ujó�ýÊûxúó*ðû<ùMü�ó�ý!ö�u}ñ>ò�õIñ�úú<ô ×iû�ðnó�ý,ñ�ó4ô.ú�ø9úEû.Ö>ñ�ú�ñ�r�ô�Ö
��ivhBr]faXYb.rM[]bWq�|CXt|]ivh�ivT�d m��ei ªiðbö�rbñ�r<ô õ%ô.ó�o{övu�ñF«qôYõ�Ö9òbñkðGÖ²«lý,û<ù�ôYù,ô.ó�ô�ñBõ[ômw<ôYùMü{ñSò<õ.ñ�úú<ô ×iû�ð
|CX~rMbe^a��XYb.r m ¬�û"«�ñBðGÖìuEöBð}ñRrbñ~Ö8ñkùMú"«iû<ð
}�qMq]rMbW^a�KXtbGr � ¬�û"«�ñBðGÖìuEöBð}ñ{ükö�ö6Ö>ñkùMú"«iû<ð
|]iBrMT.X��Cf.q�s�\eTGXtsMT m��òm]� ¯�ñ�°{ô ÷mï,ö�úEû.Ö8ökù�ñRr<ô�Ö~ÖBôYùÊüÙò�õIñäúbú<ô ×�û<ð
hvik��^aTGXÕ�Cf.q�s]\WTGXtsnT m�� m~m�m~mj\ ¯�ñ�°{ô ÷mï,ö�úEû.Ö8ökù�ûpLäû�ð"oRò<õ.ñ�úú<ô ×iû�ð�ñ�ómûpLäû�ð"oRò"o	ò�õIû~ö�ujó�ýÊûò<õ.ñ�úú<ô ×iû�ðjú"o�úbóKû�÷
|]iBrM\Wi�}~Z�X m]�òm�\j¶ ±&ñBð<ô�ñBù&òû~ö�ujó�ýÊû�ù&öBôtú�û~ñ�Ö~Ö	û.ÖÙó ö�ó�ýÊû²r�ô�Ö8övu�ñ8ò�õIñäúbú<ô ×�û<ð"y

m��òm]� ±&ñBð<ô�ûGÖ~ô ù>ó�ý,û�ût°ïÊû�ð<ôY÷Rû<ùÊó�ú(«zô.ó�ýÊökø9ón³Hµ
}�^csC¦Y}~^as ¦~m�m~m §�øM÷¨rû�ð�ö�uxó*ðñBôYù,ô ùMü{òpo	ò<õ.ûú�ö�uxó�ý,û�ò�õIñäúbú<ô ×�û<ðnú"o�úó û�÷írû]ó1«�ûbû�ùó1«iö{úó û ï,ú�ö�unó�ýÊûxükû�ù&û]ó*ô�òRñBõwü	öBð�ô.ó�ýM÷
��q�be\WTe|�^a\eTWbGXtTeivq ��m ¬�ñ�ó�ô�ö�rû]ó1«�ûbû�ù>ó�ýÊûJ«iöBð]úbó4ñBùCÖ{ó�ý,ûdrû]úbó*×ló�ù&û]úbú}ôYù!ó�ý,û4ï,öï�ø1õ.ñ�ó�ô�öBù�y±&ñBð<ô�ûGÖ~ô ù>ó�ý,û�ût°ïÊû�ð<ôY÷Rû<ùÊó�ú
Z�XÕ�]}�^as �6m~m §�øM÷¨rû�ð�ö�uxükû�ù&û�ðbñ�ó�ô�ökùMújó û]úó û.Ö
f.bWqY�OrMivs]}Y�³X~f.Teq~b U §�øM÷¨rû�ð�ö�uxú]ø�r ïÊö]ï&øMõIñäó*ô�öBùMú}óKû]úbóKû.Ö�ó öH×zùCÖS÷Rö�úóú]ô ÷�ôYõ.ñBð}ò]ý1ðbök÷{öäúEöB÷RûjóKöRù&ûp«�ò]ý1ôYõvÖ
f.bWqY�OrMivs]}�\W�]|][�q�[ ��m §�øM÷¨rû�ð�ö�u~òýMðböB÷Rö�úEök÷{û]ú}ôYù>ó�ýÊûxú]ø�r ïÊö]ï&øMõIñäó*ô�öBù
be^c[]hBX�f.^6r ��m §�øM÷¨rû�ð�ö�u�ôYùCÖBôîLEô�Ökø,ñBõwú}ðû�ï�õIñ	òû.Ö~ôYùPñ{ükû�ù&û]ó*ô�òjúóKû�ï
��XY|�h�^�i]�ò¦�Ò~¸>Xth���^a\�qY��TeV]^�[�XYbGXtZ#^aTW^abe\���\e^6r:ivsJTeV]^�Z2��\eV]bWqnq~Z2 �^.�][C^cbeivZ2^asMT

ÄMq~Z#^O[�beq�|�h�^cZ#\�be^6�~�]ivbe^)XYs:^.�]TebW^aZ#^ahvd2hBXYbW}�^@sM�]Z2|�^ab>qt��f.hBXt�]\e^a\_ivs�TWV]^�rMiv\�æ.��sCf.Teiv`~^
s]q~beZ�Xth]��q�beZ��sÃ_s]^�qt�	TeV�^a\e^)[]beq~|]hv^aZ#\�iv\>TWV]^�[CXtbeivT�d~ ³[�beq�|�h�^cZ��
��V]^�[CXYbWi�T�dJqY��X2\eTWbeivs]}2qt��|�i�TW\Oiv\�q�s�^�ik�	TeV�^"sM�]Z2|�^ab�qY��|]ivTe\_i�\�q]r]r<XYsCrR�a^abWq#ik�

TeV�^OsM�]Z2|�^ab�qY�*|]ivTe\�iv\�^a`~^asN����V]^�[�beq�|�h�^cZ�qt��r�^aTe^abWZ#ivs]ivs]}@TeV�^�[CXYbWi�T�d)qY�NX@|]ivTW\eTebWivs]}
qY��o:|]ivTe\�iv\iÆMs]qY��s#Xt\>TWV]^RùIï�r�ô.ósï,ñBð<ô.ó�o4ï�ðböjr�õIû�÷)����V]^O[CXtbeivT�d2[]bWq�|]hv^aZ�iv\KX�[]bWq�|]hv^aZ
TeV�XYT�iv\�s]q�T�\Wq�hv`�XY|�h�^_��ivTeV�X�hvq~}�iBfaXYh�^.�][]bW^a\e\Wi�q~s�ivs:X2rMiv\�æ.�]s�f.Teiv`�^@s]q~beZ:XYh���q�bWZ&��ivTeV
X@sM�]Z2|�^ab�qY�	f.hBXt�]\e^a\7TeVCXtT�iv\�[Cq~hvdns�q�Z#iBXth�ivs"TWV]^OsM�]Z2|�^ab�qY�*|]ivTe\7i�s2TWV]^�|]ivTe\WTebWi�s�}C�Q��s
q�b.rM^ab_��q~bOX2f.hBXY\e\WikjC^abO\WdM\eTe^cZ�TeV�XYT�VCXt\�X)sM�]Z2|�^ab�qY�>f.hBXY\W\eikjC^abW\@TeVCXtT�i�\_[Cq~hvdns�q�Z#iBXth
ivs:TeV]^�sM�]Z2|�^ab�qY��|]ivTe\�ivs:TeV]^@Z#^c\e\GXt}�^a\_Teq)|C^)XY|]hv^@Teq2hv^6Xtbes:TeV]iv\�[]bWq�|]hv^aZ��>^�V�X�`�^
Teq#X~r]r:^.�]TWbGX���^6XtTe�]bW^a\6z�hvi.Æ�^�X�Z#^a\W\GXY}~^. �h�iv\WTOXYsCrJZ2�]hvTeiv[]hv^Of.q~sCrMivTeivq~s]\�Teq2q~�]b�\eivZ#[�h�^
f.hBXY\W\eikjC^ab_\edM\eTW^aZ��
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��V]^±jCbe\WT�[�beq�|�h�^cZy\eTe��rMiv^6r���XY\_TeV]^���q~�]b� �|]ivTO[CXtbeivT�d#[�beq�|�h�^cZ�����V]iv\_[]beq~|]hv^aZyiv\Oivs
�³X~f.T@^.�]TebW^aZ#^ahvd�TWbeiv`MiBXYh��)��T±fcXYs�|�^2\eq�hv`~^6r�|Md�X:f.hBXY\e\WikjC^ab)\edM\eTW^aZ°f.q�s]\Wiv\eTeivs]}:qt�±��^
f.hBXt\e\eikjC^cbe\6z�^�X�fWVgqt�K��V]iBfWV�}�iv`~^a\�TeV�^#[CXtbeivT�d:��q~b�q�s]^2qt�KTWV]^���^:[�q�\e\Wiv|]hv^2\eTebWivs]}�\�qt�
��q~�]b�|]ivTe\6���qY��^a`~^ab"��^�faXYs��]\e^:ivT2XY\2XYsg^���XtZ#[]hv^)Teq�ivh�hv�]\WTeb.XYTe^:X�ZJ^aTeV�q�r�TWq�\Wq�hv`�^JTeV]^
[CXtbeivT�d~ ³[�beq�|�h�^cZ{TeV�XYT�q~s]hvd"s]^c^6rM\Of.hBXY\W\eikjC^ab�\edM\WTe^aZJ\�TeVCXtT�VCX�`~^�XYs#XtZ#q~�]sMTNqY�	f�h�Xt\e\Wi� 
jC^cbe\NTWVCXYT*iv\Qh�ivs]^�XYb�i�s@TWV]^�sM�]Z2|�^ab*qY�M|]ivTe\6�Q��V]^�ZJ^aTeV�q�rHiv\*qY�]TeV]^�rMiv`niBrM^� �XtsCr~ ef.q�sC�~�]^cb
T�dM[�^�����^iÆMs]qY��TeVCXtT�TeV�^Oq�s�^. ³|�i�T7[CXYbWi�T�d�[]beq~|]hv^aZ�i�\�^6Xt\eivhvd"\Wq�hv`�^�r*� ¿ sCr)ik�Ù��^4ÆMs]qY�
TWV]^2[CXYbWivTeiv^a\)qY��T��>q�\WTebWi�s�}�\)qY�Oog|�i�TW\6z���^�faXts�^6XY\Wivh�d�faXth�f��]hBXYTe^2TWV]^#[�XYbeivT�d�qY��TeV]^
f.q~sCfaXtTe^asCXtTeivq�sJqY�NTWV]^a\e^@\WTebeivs]}~\>qt��¦~o#|�i�TW\>|Md)TGXkÆnivs]}�TeV]^�òmÃ��ÜqY�NTWV]^@T��>q�[CXYbWi�TWiv^a\6�
��s�TWV]iv\O��X�d���^"faXts�faXth�f��]hBXYTe^)TeV�^�[CXYbWivT�d�qt�KX)|]ivTe\WTebWi�s�}#��ivTeV�q~s]hvd�XYs�XtZ#q���snT

qt�Hf.hBXt\e\eikjC^cbe\)TeVCXtT�iv\�hvi�s�^6XYb@ivs�TWV]^#sM�]Z2|�^ab@qY��|]ivTe\�qY�OTeV�^2\eTebWivs]}�\��:��V]^#f.hBXY\W\eikjC^ab
\Wdn\WTe^aZ�Z2�]\WT>VCX�`~^OTWV]be^a^±��^6XYTW�]be^c\,Ò�ivT�Z2�]\WT�VCX�`~^±X�Z#^c\e\GXt}�^@hviv\eT6zMivT�Z2�]\eT�VCX�`~^OT���q
f.q~sCrMivTeivq~s]\�[�^abOf.hBXY\W\eikjC^abOXtsCr2ivT�Z2�]\eT�V�X�`�^OZJ^a\e\.XY}~^a\>TWVCXYT�XYbW^@q�s]^_|]ivT>hvq�s�}�^ab�TeVCXts
TWV]^:|]ivTe\eTWbeivs]}~\2qY����V�i�fWV�TeV]^�[�XYbeivT�d�iv\)Teq�|�^fcXYhBf.�]hBXYTW^6r�ivsgq�b.rM^ab2TWqgXYhvhvqY�{��q�b2X
rMiv\WTeivsCf.TWi�q~s#|�^aT���^a^as�ivsMTe^abWsCXYh�XYsCrJ^.�]TW^abesCXthNZJ^a\e\.XY}�^c\6�
��V]^_Teq�T.XYh]sM�]Z2|�^ab�qt��f�h�Xt\e\Wi�j�^ab>iv\�TWV]^as@^�o�óJl���V]^abW^�oJiv\�TeV]^_sM�]Z2|C^cb	qt�N|]ivTe\�qt�

TWV]^�[CXtbeivT�d~ ³[]bWq�|]hv^aZ�����^�s�qY�4s]^a^6r�¦�o�f.hBXY\W\eikjC^abW\�TWq�faXthBf.�]hBXYTW^�TeV]^)[CXtbeivTeiv^a\_qY��TeV]^
�� ³|]ivT�\WTebeivs]}~\Oivs:TeV]^�[]beq~|]hv^aZ XtsCr:l(ô !¢�õ f.hBXY\e\WikjC^abe\_ivs�TeV]^²�MTeV�hBX�d~^ab6zMivs���V]iBfWV:TeV]^jCbW\eT�hBX�d~^ab�TeV�XYT�VCXt\�ivsMTe^abWsCXYh�Z#^a\W\GXt}�^a\>Xt\�ivs][]�]TW\�VCXt\�sM�]Z2|C^cbO���Q��V]^�Teq~TGXth]sM�]Z2|C^cb
qt��f.hBXY\W\eikjC^abW\�P iv\>TWV]^as^âØ��q�bOo<X)[CqY��^ab�qY��T��>qM��Ò
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��V]iBfWV�\eq~hv`�^a\)Teq=^~o@óÜlC�<��V]iv\�iv\6z�|Md�TWV]^#��X�dMz	Xth�\Wq�TeV�^#|CXt\eiv\"qt�KTWV]^:[]beqMqt�OTeVCXtT
X:Z2��h�TWik ³hBXcd�^ab@f.hBXY\e\WikjC^ab)\edM\eTW^aZ ��ivTWV�Z2�]hvTeiv[]hv^"f.q~sCrMivTeivq�s�\�VCXY\)X:V]iv}�V]^cb"[]b.X�f.TWiBfaXYh
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��ivTeVÜTeV�^f�h�Xt\e\Wi�j�^ab2\edM\eTW^aZx��i�TWV]q���T2TeV]^:}�^cs]^aTeiBf:XYhv}~q�beivTWV]Z¯TeVCXtT2VCXY\)TeV]^<[]beq~[C^ab
be��h�^c\@â�TWq�}~^aTeV]^cb#��ivTeVÜ¦�m�bGXtsCrMq~Z°be�]hv^a\.�2[]bW^a\e^csnT�z���V]iBfWVÜ�>^�faXth�hv^6r�TWV]^:Z#q�scÆ�^ad~ 
��be^csCfWV]^a\� �^.�][�^abeivZ#^csnT��:��s�j�}��]bW^�i]� l:TeV]^2bW^a\e�]hvTW\"XYbW^2\eV]qY��sN����T�iv\"f�h�^�XYb@TeVCXtT�TeV�^
f.hBXY\W\eikjC^ab)\edM\WTe^aZxiv\�[C^cb���^6f�TehvdgfaXY[�XY|]hv^#qt�>j�sCrMivs]}�TWV]^#bWi�}~VMT�be�]hv^a\)Teq<[C^ab���q�bWZ°TeV�^
TGXt\KÆ*�
��V]^�f.hBXY\e\WikjC^abN\WdM\eTe^cZ·«zô.ó�ý�}�^cs]^aTeiBf�XYhv}�q~beivTeV�Z!\e^a^cZ#\NTWq�VCX�`�^7}�be^�XYT	r�i���f��]hvTeiv^a\NTWq

hv^6XYbWs�TeV�^�TGXt\KÆ*��N�`�^as�ik�]��^�\eT.XYbeTQ��ivTeV"X�f.hBXt\e\eikjC^cbN\edM\WTe^aZ$TeVCXtT	rMqM^a\QVCX�`�^�TeV�^Kf.q~bebW^6f.T
be��h�^c\6z*ivTOXY[�[C^6Xtbe\@TeV�XYT�ivTOiv\Os�q�TOXY|�h�^�Teq2[]bW^a\e^abW`�^2TWV]^a\e^)ivs�TeV�^�hvq�s]}2bW�]sN����s:j�}��]bW^i]�e\@��^O\WV]qY�ÜTeV]^_be^a\W�]hvTe\�qY`~^ab�Te^cs#}�^cs]^abGXtTeivq�s�\>qt�NTeV]^@f.hBXY\e\WikjC^ab�\edM\eTW^aZ&ivs]ivTeiBXYhvhvd@VCXY\
TeV�^�f.q~bebW^6f.T@be�]hv^a\�â�TWq�}�^cTeV]^ab@��ivTeV:T���^asMT�d:bGXYs�rMq�Z�be�]hv^a\.��[]bW^a\e^csnT��O��T@XY[][�^6Xtbe\OTWVCXYT
TeV�^�[C^cb���q~beZ�XtsCf.^�rM^a}~bGX~rM^a\Ob.XY[]iBrMhvd2��V]^cs���^�XY[][�h�d2TWV]^�}~^as]^aTWi�f@Xth�}~q�bWi�TWV]Z��
��V]iv\�iv\>s]q~T>��s]V]^6XtbGr2qt�	ivs�f�h�Xt\e\Wi�j�^ab>\WdM\eTe^cZ#\6� ¿ \OÝ�q�ZJ[]iBXYs]iM^aTOXth³�Q��beivTW^2Ò�ÿ�¯eý,ûòöB÷Fr<ô ù&û.Ö�ñ9òó�ô�öBù8övuTr<ø,òtskû]óGr<ð�ô.ükñ~Ö	ûnñBùCÖxükû�ù&û]ó*ô�òú4õIûñ�ÖäúióKö�ï,û<ðîuEöBð<÷RñBù�òbûhôYùMúóKñjr�ôYõ%ô.ó�ô�û]úôYùSó�ýÊûjõ.öBùMü}óKû�ð<÷dyîyMy��&ÀòÝ4Á@Ä�i�m]Å��Q��s#q~�]b�[CXtbeTWi�f��]hBXYb�^.�CXYZ#[�h�^�TWV]iv\�\e^c^aZ#\�Teq)|C^@faXY��\e^6r

|Md#T���q���X�f.TWq�be\)Ò�TWV]^@h�qY��^ab�\WTebe^cs]}�TWV�qY��be�]hv^a\@XYT�TeV]^�|�^a}~i�s�s]ivs]}"qt��X)bW�]hv^. �fWVCXtivsXtsCr
^tl



0

0.2

0.4

0.6

0.8

1

0 5 10 15 20 25 30 35 40 45 50

fr
ac

tio
n 

co
rr

ec
t

generation

4-bit parity
8-bit parity

ÿQi�}~�]be^(i�� U�ÒoÄ�i�s�}�hv^. �h�X�d~^ab>f.hBXt\e\eikjC^cbO\edM\WTe^aZyhv^6Xtbes]ivs]})[CXYbWivT�d� �[]bWq�|]hv^aZ

0

0.2

0.4

0.6

0.8

1

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

fr
ac

tio
n 

co
rr

ec
t

cycle

Monkey Wrenches

ÿQiv}��]bW^�i�� l$ÒlÂ	XtbeivT�d~ ³[�beq�|�h�^cZ&��ivTeV:Z#q~s,Æ�^ad)��be^csCfWV]^a\
TWV]^�f.q�ZJ[]hv^aTeivq�s2|�^aT���^a^as�\eivZ#ivhBXYb�V]iv}~V]hvd)jCT�be�]hv^a\��
��V]^�hvqY��^ab*\eTWbe^as�}�TeV)qY�Cf.hBXt\e\eikjC^cbe\�^6XYbWhvd�ivs�X�bW�]hv^. efeV�XYivs@i�\�faXY��\e^6r@|Md@TeV�^�[]be^c\e^asCf�^

qt�CTGXÕ��^c\6����V]^�XYZJq��]sMTNX@f.^abWTGXYivs2f.hBXY\W\eikjC^ab�ivs�ivTW\	\WTe^6X~rMd)\eTGXtTe^�[CX�dM\QTeq@TeV]^Of�h�Xt\e\Wi�j�^abe\
X~f.Teiv`�XYTWivs]}�ivT2iv\#XYhv�KX�dM\)hvqY�>^ab2TWVCXYsÜTWV]^�XYZJq��]sMT�qt��bW^a�KXtbGrÜivT2bW^6f.^aiv`�^c\6����V]iv\2iv\
^a\W[C^�f.iBXYhvhvd!TeV]^�faXt\e^���V]^as4Xgf�h�Xt\e\Wi�j�^ab�iv\�X~f.Teiv`�XYTW^6r�|ndÜT���q�rMiZY*^abe^csnT�f.hBXY\e\WikjC^abe\��
��V]^cs�^�X�fWV#qt�	TeV�^±X~f.Teiv`�XtTeivs]}"f.hBXt\e\eikjC^cbe\ObW^6f.^aiv`~^a\Ohv^a\W\�TeVCXts#VCXth���TeV]^�XtZ#q���snT�qt�	[CX�d
TWV]^�X~f.Teiv`�XtTe^6r�f.hBXY\W\eikjC^ab�bW^6f.^aiv`~^a\6�2��V�^"s]^cT�^�Y*^6f.T�iv\@TeVCXtT�f.hBXY\e\WikjC^abe\)XYT@TeV]^2^csCr�qt�
X<be�]hv^. efWVCXYivsÜ}�^cT#X�Z2�CfWV�V]iv}�V]^ab2\WTe^6X~rMd~ ³\WTGXtTe^. �\eTWbe^as]}~TeV4XYsCr,|]iBr�TeVCXts�f�h�Xt\e\Wi�j�^abe\
XtTOTeV�^�|C^c}�ivs]s]ivs]}:XYsCr:TWV]^abW^.��q�bW^2TeV]^)X�f.TWi�q~s�qY��TeV]^�}~^as]^aTWiBf"Xth�}~q�bWi�TWV]Z�i�\_|]iBXY\W^6r:ivs
�³X�`~q��]b�qt�>be��h�^c\±XtT@TeV]^)^asCr<qY�>TWV]^2feV�XYivsNz���V]ivhv^"X�f.TW�CXYhvhvd�Xthvh	TWV]^)be�]hv^a\�XYbW^"^�����XYhvhvd
`�Xth���XY|]hv^��¿ s�^.�][C^cbeivZ#^asMT"r�q�s]^J��i�TWV�TeV]^JZ#q~s,Æ�^ad<��be^asCfWV]^c\#��ivTeV]q~�]T�TWV]^#}~^as]^aTWi�fJXYhv}�qt 
bWi�TWV]Z�f.q~sMjCbWZ#^6r�TeV]iv\�s]iBf.^ahvdM�N��V�^�q~�]Te[��]T� �[]beq]rM��f.ivs]}2be�]hv^a\�V�X�r#X�\eTWbe^as�}�TeV<qY��Í�� lnÍ
XÕ��Te^ab�\�m~m�m@}~^as]^ab.XYTWi�q~s]\jâ���V�i�fWV:XY}�bW^a^a\@����i�TW^O��^ahvhC��ivTWV#TeV�^�`�Xthv�]^Oqt�	Í]� lC��[�be^6rMiBf.TW^6r
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ÿQiv}��]bW^ni]�e\�ÒsÿCXtivh���be^�qY�NTWV]^O[�XYbeivT�d)[]beq~|]hv^aZ&��ivTeV2ZJq�s,Æ~^ad~ ³��bW^asCfWV]^a\���V]^as:XY[][�h�dMivs]}
X)}�^cs]^aTeiBf�Xthv}�q�bWivTeV]Z

|Md@��q~beZ2�]hBX�^]�eU@Ô.�a�Q��V]^�be��h�^c\�ivs"TWV]^�hBX�d�^abQ|C^ahvqY��TeV]iv\�q~s]^�zYV]qY��^a`~^ab6z~VCX�r)X_\eTWbe^as]}~TeV
qY�*q�s�h�d(U�� lI^]zkâ���V]iBfWV�Xt}�bW^a^a\�^.�CX~f.Tehvd���ivTeV�TeV]^�[]bW^6rMiBf.TW^6r)`�XYhv�]^6�c��f7�]T�XY\�s]^ci�TWV]^ab�V�X�r
XYsMd2��ivhBr]faXtbGrM\�ivs#TWV]^aivbOf.q~sCrMivTeivq�s�\6zMTeV�^�|�i�rJXYsCr�TeV]^_jCTWs]^a\W\OqY��TeV]^@hvqY��^ab>hBX�d~^ab��KXt\
Z2�CfWV#hvqY��^ab6�Q��V]^adJ�>^cbe^�|�q�TWV�^�����XYhvhvd"s]^�f.^a\e\.XYbWdnz�\eq2TWV]^_jCTes�^a\e\@rMqM^a\�s]q�TOr�^a\Gf.bWiv|C^
TeV�^��]\e^����]hvs]^a\W\O`�^cbed#��^ahvh��
��V]^�\e^6f.q~sCr�³X�f.TWq�b_TeVCXtTO��XY\���q~�]sCr:TWq�faXt�]\e^�ivs]\WTGXt|]ivh�ivTWi�^c\�i�s<TeV]^"X~f.Teivq~s�qY��TeV�^

}�^cs]^aTeiBf�Xth�}~q�bWi�TWV]Z��KXt\NTeV�^��³X~f.T�TeVCXtTNTWV]^�}�^as�^aTeiBf�XYhv}�q~beivTeV]Z�Te^csCrM^6r�Teq�f.bW^6XYTW^Of.q�[]iv^a\
qY��^.�]TebW^aZ#^ch�djCT�be��h�^c\6�2��V]^c\e^#f.q~[]iv^a\�TeV�^asgf.q�ZJ[C^cTe^6r<��ivTeV�TeV]^2q~beiv}�ivsCXth	bW�]hv^a\@��q~b
TeV�^�\GXtZ#^2be^c\eq���bGf.^a\�zO^tYÙ^6f�Teiv`�^ahvd�VCXYhv`Mivs]}�TeV�^�bW^a��XYbGr�\#|�q�TeVÜbW�]hv^a\2be^6f�^aiv`�^6r*�Ü��V�^
be^c�KXtbGrM\2TWVCXYT#Xth�h�TeV�^#be��h�^c\#rMqY��sgTWV]^:be�]hv^. efWVCXYivs]\)be^6f�^aiv`�^6rÜ��^abW^�TWV]^asÜVCXth�`~^6r�XY\
��^ahvh³z*faXt�]\eivs]}:TWV]^aivb@\eTebW^as]}~TeVNz*|�i�r�\±XtsCrJjCTWs]^a\W\�Teq�rMbWq�[�^a`~^as�Z#q~be^�z�Z�XkÆnivs]})TeV�^aZ
hvi.Æ�^ahvd#faXtsCrMiBr]XYTW^a\���q~b�be^a[]hBX~f.^aZ#^csnT�|Md2TWV]^�}�^cs]^aTeiBf�Xthv}�q�bWivTeV]Z��Ã_sCf.^�TeV]^@}�^cs]^aTeiBf�Xthv}�q�bWivTeV]Z&bW^aZ#qY`~^6r2q~s]^@qY��TeV]^�bW�]hv^a\�ivs:TeV]^"f�q�bebW^6f.T_\eq�hv�]TWivq�s
qY�OTWV]^#[�XYbeivT�d~ �[]beq~|]hv^aZ�z�TeV�^#[�^ab���q~beZ:XYsCf.^2qt�KTWV]^#\WdM\eTe^cZ rM^6f.bW^6XY\W^6rÜrMbGXtZ�XtTeiBfaXYhvhvdMz
|�^6faXY��\e^�XYhvh]TWV]^�be�]hv^a\���^abe^_qY�*^6�~�CXYhvhvd�`MivTGXYh�i�ZJ[Cq~beT.XYsCf.^7��q~b	ivTW\����]sCf�Teivq�s]ivs]}�� ¿ \�TeV�^
be��h�^c\OrMiBr2s]q~TOrMq�XtsMdnTWV]ivs]}��]\W^.���]h�XYsMdMZ#q~be^�zYTWV]^aivb�\eTWbe^as�}�TeV�\�rM^6f�be^6Xt\e^6r<^a`�^cs�ZJq�bW^�z
faXt�]\eivs]}2TWV]^�}�^cs]^aTeiBf@XYhv}~q�beivTWV]Z&Teq)^ahvivZ#ivsCXtTe^�TeV�^aZ��Á�XtsMd�\eq~h���Teivq�s]\�TWq�TeV]^�[�beq�|�h�^cZ#\�Z#^asMTWi�q~s]^6r)XY|�qY`�^�faXYs2|�^�[]bWq�[�q�\e^�r*����V]^�j�be\eT
f.q~�]hBr�|�^#Teq�fWVCXYs�}�^#TWV]^:[CX�dMivs]}Y �Z#^6fWVCXts]iv\eZyqt�OTeV]^:|]�CfGÆ~^aT"|�beiv}nX~rM^�����V]iv\�f�q��]hBr
\eq~hv`�^)TeV]^�jCbe\WT@[]beq~|]hv^aZ�z�|]�]TOs�q�T@TeV]^)\e^�f.q�sCr�� ¿ \Wq�hv�]TWi�q~s:Teq#TWV]^)\e^6f.q~sCr�[]bWq�|]hv^aZ
f.q~�]hBr#|�^�TWq�fWVCXts]}�^�TWV]^@[CXYb.XYZJ^aTe^abW\�qY��TeV]^�}~^as]^aTWiBf�Xthv}�q�bWivTeV]Z��Ã_s]^�[�q�\W\eiv|]ivhvivT�d2i�\�TWq2ivsCf.be^�XY\e^)TeV�^�sM�]Z2|C^cb�qY�	ivsCr�i�`MiBrM�CXthv\6����V]^"fWVCXtsCf.^�TWVCXYT@X
}�qMq]r<i�s�rMiv`niBrM��XYh�iv\�bW^a[]hBX�f�^6r���ivhvh�TeV]^as�|�^2\eZ:XYhvhv^ab6�²��qY��^a`�^cb�TeV]^2[�beq�|�h�^cZ�qY��TeV�^
rM�][�h�iBfaXtTeivq�s:qt��V�i�}~V]hvd)jCTOivsCr�i�`MiBrM�CXthv\>��ivhvh*be^aZ:XYivsN� ¿ s]q�TWV]^ab@[]beq~|]hv^aZ�i�\�TWV]^as�TWVCXYT
TeV�^#f.hBXY\e\WikjC^ab�\Wdn\WTe^aZ VCXY\�rMik��f.��h�TWiv^a\@[]iBfKÆMivs]}JTeV]^)beiv}�VMT@\eq~hv�]Teivq�s��beq~Z�XYZ#q~s]}2TeV�^
bGXtsCrMq~Z�be��h�^c\6� ¿ s�^.�][C^abWivZ#^asMT@��ivTeV�TeV]^2ZJq�s,Æ~^ad~ ³��bW^asCfWV]^a\�\WdM\eTe^cZ·\WV]qY��^6r�TWVCXYT
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TWV]iv\OrMiBrMssþ T>bW^6XYhvhvd2��q�bKÆ*�¿ s�q�TeV�^ab#[�q�\W\eiv|]hv^�ZJq]rMikjÙfaXYTWivq�s�Teq�TeV]^<}�^as]^cTeiBf�Xthv}�q�bWivTeV]Z°iv\2TWq�fWV]qMq�\W^�q~s]hvd
ivsCrMiv`MiBrM�CXth�\�TeVCXtT#XYbe^:`~^abedÜ\eivZJi�hBXtbO��q�b#f.bWq�\e\WqY`�^ab�����V]iv\2Teq�[]be^a\W^abe`~^¥r�i�`~^abe\WivT�dgivs
TWV]^�[Cq~[]�]hBXYTWivq�s#XYs�r)Teq�[]bW^a`�^csnT7jCT�\.fWV]^aZ#^c\���bWq�Z$|C^6f�q�Z#ivs]}�rMiv\Wbe�][]TW^6rJTeqMq"�~�]iBfGÆMh�dM�
��sÜTeV�^�q�bWi�}~ivsCXYh�\GfWV]^aZJ^�TeV�^�TW^6fWV]s]iB�~�]^��]\e^6r���q�b2TWV]iv\2[]�]be[�q�\W^���XY\2Teq�\W^ahv^6f.TJ��q~b
bW^a[]hBX�f.^cZ#^asMT�q�s]hvd�TWV]^�ivsCrMiv`MiBrM�CXYhv\QTeVCXtT��>^cbe^Ob.XYTWV]^ab�\Wi�ZJivh�Xtb*Teq�TWV]^�s]^a�!fWV]ivhBr*�Q��V]iv\
iBrM^6X±�KXt\>\WV]qY��s#TWq"VCX�`~^O`~^abed2hvivTeTWh�^_^�Y*^6f.T�ivs#TWV]^@Z#q�scÆ�^ad~ ���be^asCfWV]^c\>^.�][�^abeivZJ^asMTKXt\
��^ahvh��
��^�fcXYs�XYhv\eq�TebedJTeq)Z#q]rMik��d�TWV]^@|]�CfGÆ�^cT� �|]beiv}nX~rM^�XYhv}�q~beivTeV�Z�����V]^@iBrM^6X�TeVCXtT��KXt\

�]\W^6rÜivsÜTeV]^�Z2�]\WV]beqMq�Z� ³^���[�^abWi�Z2^csnTÙâ�Teq�VCX�`�^�Xth�h@f.hBXY\W\eikjC^abW\6z�bW^a}nXtbGrMhv^a\W\�qt��TeV]^aivb
\W[C^6f�i�j*f.ivT�dnz�Z:XBÆ~^�TWV]^�\.XYZ#^:[CX�dÜik��TeV]^cd�V�X�`�^�TWV]^�\.XYZJ^�\WTebW^as]}�TWVNz_|]�]T#TWqgVCX�`~^
TWV]^@\e[�^6f.ikjÙf.ivT�d:\eTWi�hvhQi�s�LC�]^asCf�^�TeV]^@|]iBr]r�i�s�}n��rMiBrMssþ T�\e^a^cZyTeq2VCX�`~^±XtsMd#^�Y*^6f.T_q�s:TeV]^
ZJq�s,Æ~^ad~ ³��bW^asCfWV]^a\� ³^.�][�^abeivZJ^asMT6�
��V]^�^cZ#^abW}�^asCf�^"qt��bW�]hv^"fWVCXYivs]\_TeVCXtTObW^aZ�Xti�s:\WTGXY|�h�^��]sCrM^ab_TeV]^)ivsMLC�]^csCf.^)qY��TeV]^

}~^as]^aTWi�f7XYhv}�q~beivTeV]Z�\e^a^aZJ\*Teq�bW^aZ�Xti�s@X�Z�X"æ�q�b�[]beq~|]hv^aZ!��q�bNf.hBXY\W\eikjC^abQ\edM\eTW^aZ#\����H^6f.^asMT
hvivTe^ab.XYTW�]be^:\eV�q��]hBr�|�^:\eTW�CrMiv^6r�Teq�\e^6XtbGfWVÜ��q~b"\Wq�hv�]TWi�q~s]\6z7|C^:ivT)i�s�Z#q]rMikjÙfaXtTeivq�s�\�qt�
TWV]^�}�^cs]^aTeiBf�Xthv}�q�bWivTeV]Z�z�TeV]^�|��CfGÆ�^aTJ|]beiv}nX~rM^:q�bJi�sÜZJq�be^JbGX~rMiBfaXYh@feV�XYs]}~^a\#ivsÜTeV]^
f.hBXt\e\eikjC^cb�\edM\eTW^aZ¯[CXYb.X�rMiv}~Z�â�^�� }C��À �jÃ��Ti��YzsÄ,Á:��i~¦MzsÄ,Á:��f�Ã�ijU�z�¸ ¿ ÈÉi�U�Å��@XYsCr��q~b
Z:XYTeV�^aZ�XtTeiBfaXYh�bW^a\e^6XtbGfWV�i�sMTWq�TeV]^<h�q~s]}Y �Te^cbeZ°|�^aVCX�`Mivq��]b)qY��f.hBXY\W\eikjC^abJ\edM\eTW^aZ#\�z���q~b
^.�CXtZ#[]hv^#��ivTWV!Te^6fWV]s�i��~�]^c\#��beq�Z TWV]^�rMdMsCXtZ#iBfJ\edM\eTW^aZ#\Jbe^a\W^6XYb.fWV¦â�^�� }C�©À Ý4Á�Ä�i�mMzÿ ¿ �´i�mMz�ÿsÃ��Ti~mMz,Á@Ã�[TijUäÅ��a�
Ì ½v*>½�¾ ä#Æ�Ä]Æ�Å&É*Ì]ÉQÄ�Ò
��V]^_[CXYb.XYZJ^aTe^abW\�qY�NTWV]^O^���[�^abWi�ZJ^asMTe\�qY�NTWV]^O[CXtbeivT�d~ ³[�beq�|�h�^cZ%Xtbe^_}�iv`�^as2ivs2T.XY|]hv^Ti]� l��
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[�q�[]�]hBXtTeivq�s]\Wim�a^ lMm §�øM÷¨rû�ð�ö�u~òýMðböB÷Rö�úEök÷{û]ú}ôYù>ó�ýÊûhïÊö]ï&øMõIñäó*ô�ökù
fWV]beq~Z#q~\eq�ZJ^ahv^as]}~TeV lMm ©Èû�ùMü�ó�ýPö�unó�ýÊû~òýMðbök÷{öäú�ök÷{ö�û]ú�ôYù>ü	û<ù�ûú
f.hBXY\W\eikjC^abW\edM\eTW^aZ#\Wim�a^ lMm §�øM÷¨rû�ð�ö�u~ò<õ.ñ�úú<ô ×iû�ðú�ôYù!ó�ý,û�ò�õIñäúbú<ô ×�û<ðnú"o�úó û�÷
Z#^c\e\GXt}�^ahv^as�}�TeV \ ©Èû�ùMü�ó�ýPö�u}ñÙ÷{û]úú�ñäükû
f.bWq�\e\WqY`�^abW[]beq~|CXY|�i�hvivT�d m��eg ªiðbö�rbñ�r<ô õ%ô.ó�o{övu�ò�ðbö�úúEö%LBû�ð�rû]ó1«�ûbû�ù>ó�«iö8ò]ý1ðöB÷Rö�úEöB÷Rû]ú
Z2�]T.XYTeivq~s][]beq~|CXY|�i�hvivT�d m]�òm~m]� ªiðbö�rbñ�r<ô õ%ô.ó�o{övu}÷~ø	óKñ�ó�ô�ökùPö�u�ñ{ükû�ù&û
XYhv[]V�X m��ò¦j\ ¬�ñ�ó�ô�ö�rû]ó1«�ûbû�ù>ó�ýÊû²r<ô�Ö�ú�ö�ujó�«iöRò�õIñäúbú<ô ×�û<ðú}ö�u�û��ø,ñBõ�úó�ðbû�ùMü�ó�ý�®öBù&û²«zôtó�ý,öBø9óG«zôYõvÖ	òñBð.Ö�ú}ñBùCÖ>öBù�û�òöBùÊú]ôtúbó�ôYùMü8ö�u~öBù,õZoF«zôYõ�Ö9òñBðGÖäú
ivs]ivTeiBXYhv\WTebe^cs]}�TWV � l ù,ô.ó�ô�ñkõ�úó*ðû<ùÊüEó�ýUö�u�ñSò<õ.ñ�úú<ô ×iû�ð}ñ�uóKû<ð�ôYù,ô.ó�ô�ñBõ[ômwEñ�ó�ô�öBù
|]iBr]f.q~s]\eT.XYsMT m��v� ª�û<ðòû<ùMóKñ�ü	û~ö�ujó�ýÊûxúó*ðû<ùMü�ó�ý!ö�u}ñ>ò�õIñ�úú<ô ×iû�ðnó�ý,ñ�ó4ô.ú�ø9úEû.Ö>ñ�ú�ñ�r�ô�Ö
��ivhBr]faXYb.rM[]bWq�|CXt|]ivh�ivT�d m��eUji ªiðbö�rbñ�r<ô õ%ô.ó�o{övu�ñF«qôYõ�Ö9òbñkðGÖ²«lý,û<ù�ôYù,ô.ó�ô�ñBõ[ômw<ôYùMü{ñSò<õ.ñ�úú<ô ×iû�ð
|CX~rMbe^a��XYb.r m ¬�û"«�ñBðGÖìuEöBð}ñRrbñ~Ö8ñkùMú"«iû<ð
}�qMq]rMbW^a�KXtbGr � ¬�û"«�ñBðGÖìuEöBð}ñ{ükö�ö6Ö>ñkùMú"«iû<ð
|]iBrMT.X��Cf.q�s�\eTGXtsMT m��òm]� ¯�ñ�°{ô ÷mï,ö�úEû.Ö8ökù�ñRr<ô�Ö~ÖBôYùÊüÙò�õIñäúbú<ô ×�û<ð
hvik��^aTGXÕ�Cf.q�s]\WTGXtsnT m�� m~m�m~m]� ¯�ñ�°{ô ÷mï,ö�úEû.Ö8ökù�ûpLäû�ð"oRò<õ.ñ�úú<ô ×iû�ð�ñ�ómûpLäû�ð"oRò"o	ò�õIû~ö�ujó�ýÊûò<õ.ñ�úú<ô ×iû�ðjú"o�úbóKû�÷
|]iBrM\Wi�}~Z�X m��òmj\ ±&ñBð<ô�ñBù&òû~ö�ujó�ýÊû�ù&öBôtú�û~ñ�Ö~Ö	û.ÖÙó ö�ó�ýÊû²r�ô�Ö8övu�ñ8ò�õIñäúbú<ô ×�û<ð"y
}�^csC¦Y}~^as \~m�m~m §�øM÷¨rû�ð�ö�uxó*ðñBôYù,ô ùMü{òpo	ò<õ.ûú�ö�uxó�ý,û�ò�õIñäúbú<ô ×�û<ðnú"o�úó û�÷írû]ó1«�ûbû�ùó1«iö{úó û ï,ú�ö�unó�ýÊûxükû�ù&û]ó*ô�òRñBõwü	öBð�ô.ó�ýM÷
��q�be\WTe|�^a\eTWbGXtTeivq ��m ¬�ñ�ó�ô�ö�rû]ó1«�ûbû�ù>ó�ýÊûJ«iöBð]úbó4ñBùCÖ{ó�ý,ûdrû]úbó*×ló�ù&û]úbú}ôYù!ó�ý,û4ï,öï�ø1õ.ñ�ó�ô�öBù�y±&ñBð<ô�ûGÖ~ô ù>ó�ý,û�ût°ïÊû�ð<ôY÷Rû<ùÊó�ú
Z�XÕ�]}�^as ��mj¶�\�m §�øM÷¨rû�ð�ö�uxükû�ù&û�ðbñ�ó�ô�ökùMújó û]úó û.Ö
f.bWqY�OrMivs]}Y�³X~f.Teq~b U�¶]��m §�øM÷¨rû�ð�ö�uxú]ø�r ïÊö]ï&øMõIñäó*ô�öBùMú}óKû]úbóKû.Ö�ó öH×zùCÖS÷Rö�úóú]ô ÷�ôYõ.ñBð}ò]ý1ðbök÷{öäúEöB÷RûjóKöRù&ûp«�ò]ý1ôYõvÖ
f.bWqY�OrMivs]}�\W�]|][�q�[ ��m §�øM÷¨rû�ð�ö�u~òýMðböB÷Rö�úEök÷{û]ú}ôYù>ó�ýÊûxú]ø�r ïÊö]ï&øMõIñäó*ô�öBù
be^c[]hBX�f.^6r ��m §�øM÷¨rû�ð�ö�u�ôYùCÖBôîLEô�Ökø,ñBõwú}ðû�ï�õIñ	òû.Ö~ôYùPñ{ükû�ù&û]ó*ô�òjúóKû�ï
Z�XtTeivs]}t�³X�f.TWq�b U §�øM÷¨rû�ð�ö�uxú]ø�r ïÊö]ï&øMõIñäó*ô�öBùMú}óKû]úbóKû.Ö�ó öH×zùCÖS÷Rö�úóú]ô ÷�ôYõ.ñBð�ï,ñBðó�ù&û�ð�u�öBð}÷Rñ�ó�ôYùMü%y
Z�XtTeivs]}~\e�]|][�q�[ ��m Ï&ômwEû�övujó�ýÊûxú]ø�r ïÊö]ï&øMõIñäó*ô�öBù�ó û]úó û.Ö~óKö�×qùCÖR÷Rö�úóú]ô ÷�ôYõ.ñBð�ï,ñBðó�ù&û�ð"y

��Xt|]hv^ni�� lSÒÉ¸�XYhv�]^a\�qt�	TeV�^�[�XYbGXtZ#^aTW^abe\���\e^6r:ivs:TeV�^�[�XYbeivT�d~ �^.�][C^abWivZ#^asMT
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��V]^_�KX�d2ivsJ��V]iBfeV:f.hBXY\W\eikjC^ab�\Wdn\WTe^aZJ\KXtbe^@�]\W�CXYhvhvd"ivZJ[]hv^aZ#^asMTW^6r�iv\�s]q�T�XYhv��X�dM\�`�^abWd
^.��f�i�^csnT�� ¿ hvhKf.q~sCrMivTeivq~s]\"qt�±Xth�h�f.hBXY\W\eikjC^abW\�Xtbe^�f�q�Z#[�XYbe^�rgf.q~Z#[]hv^aTW^ahvd¥Xt}nXYivs]\WT�Xthvh
ZJ^a\e\.XY}�^c\�i�sJ^a`�^cbed�f.d]f.hv^�qY��TWV]^@\edM\eTW^aZ��hf��]T_ivT>iv\�[�q�\e\Wiv|]hv^�Teq#X�`~q�iBr2X)hvq�T�qY��TeV]^c\e^
f.q~Z#[CXtbeiv\eq~s]\�|Md#��\eivs]}2ivsM��q~beZ�XtTeivq�s)qY��V]qY�!TWV]^"f.hBXY\W\eikjC^abW\Oivs#TWV]^�\Wdn\WTe^aZyivsMTe^cbGX�f�T6�
���O��^2VCX�`�^#X:Z2��h�TWik ³hBXcd�^ab@f.hBXY\e\WikjC^ab)\edM\eTW^aZ�zQTeV]^cs�i�sgXthvh�TeV]^JhBX�d�^abW\�^.�Cf.^a[]T���q~b

TWV]^#ivs][]��T� �h�X�d~^ab6z���^8ÆMs]qY����V]iBfWVgZJ^a\e\.XY}~^a\�fcXYsg|�^:[]be^c\e^asMT>â�q~s]hvd�TeV]^Jq�s]^c\2TeVCXtT
faXtsÜ|C^�XYsÜX�f.TWivq�sÜqY�@TeV]^�f.hBXY\W\eikjC^abW\#ivsgTWV]^�\Wdn\WTe^aZ:�"XtsCr���ivTeVg��V�i�fWV!f.q~sCrMivTeivq�s�\
TWV]^a\e^�faXts!Z�XtTGfWVN����T:i�\2TWV]^abW^.��q�bW^�[C^cb���^6f�Tehvd![�q�\e\Wiv|]hv^�TeqÜrM^aTe^cbeZ#ivs]^<|C^.��q�be^cVCXYsCr
��V]iBfWV�f.hBXY\W\eikjC^abW\±fcXYs�|�^"X�f�Teiv`�XYTW^6rRþ!q�b�ivs]V]iv|]ivTW^6rJi�s:TWV]^�fcXY\e^�qY�>�]s�Z�XYT.fWV]^6r~ �TebW�]^
f.q~sCrMivTeivq~s]\�þ |Md���V�i�fWV�q~TeV]^ab)f.hBXY\e\WikjC^abe\��:��V]iv\�ivsM��q~beZ�XtTeivq�s�faXts�|C^2^���[�be^a\W\e^6r�ivs
TWV]^)��q�bWZyqY�OX�f.TWiv`�XYTeivq~sM Kq~b�ivs]V]iv|]ivTeivq~s�hvivs,ÆM\@ivs¥X:s�^aT��>q~bKÆ�qt�Hf�h�Xt\e\Wi�j�^abe\��#��^)s]qY�
q~s]hvd�s�^a^6r�TWq:Z�XYT.fWV�TeV]^2ivs]ivTWi�Xth�i�s�[]�]T� �Z#^c\e\GXt}�^"Xt}nXti�s�\eT�XYhvh�TeV]^#f�q�sCrMivTWi�q~s]\@qY��TeV]^
f.hBXt\e\eikjC^cbe\6�
��V]iv\#[�beq]f.^a\W\�qt��rM^aTW^abeZJi�s�i�s�}�TeV]^�hvi�scÆn\J|C^cT��>^a^cs{f.hBXY\e\WikjC^abe\<i�\JhviIÆ~^�ÿGf�q�Z#[�i�hk 

ivs]}��#X�f�h�Xt\e\Wi�j�^ab@\edM\eTW^aZ°XY\@q�[][�q�\W^6r<Teq#TWV]^2�]\W�CXYh���X�d�qt�>ivZ#[]hv^aZJ^asMTeivs]})ivTO��V]iBfWV
faXts�|C^:f.q�ZJ[CXYbW^6r�Teq<i�sMTW^abe[]bW^aTGXtTeivq�s�qt�O[]beq~}�b.XYZ#ZJivs]}� ³hBX�s]}~�CXY}~^a\6����s]\eTW^6X�r,qY�OrM^. 
TW^abeZJi�s�i�s�}�XYT�^a`�^abWdgf.d]f.hv^#qt�OTeV]^J\edM\eTW^aZ°��V]iBfWV�Z#^a\W\GXt}�^)Z�XYT.fWV]^a\"Xt}nXYivs]\WT���V]iBfWV
f.q~sCrMivTeivq~sNz]��^�q�s�h�d:fWV]^6fGÆ���V]iBfWV�Z#^c\e\GXt}�^@Z�XtTGfWV]^a\@XY}MXYivs]\eT���V�i�fWV�f�q�sCrMivTWi�q~s:q�sCf.^
ivs�TWV]^Kf�q�Z#[�i�hBXtTeivq�sM �[]bWq�f�^a\e\�XYsCr�TeV]^cs���q~hvh�qY��TeV�^�h�ivs,ÆM\Q|C^aT���^a^as#f�h�Xt\e\Wi�j�^abe\��H[�q@s]^a^6r
TWq�\.X�d�TeV�XYT�TWV]iv\"f.q�ZJ[]ivhBXYTeivq~s#iv\�q�s�h�d:^.��f�i�^csnT�i�s�X:Z2�]hvTWi� �hBXad~^abOf.hBXY\W\eikjC^ab�\edM\eTW^aZ��Â�XY\W\eTWV]beq~�]}�V]\_}�iv`�^_\e[�^6f.iBXYhQ[]beq~|]hv^aZ#\�XY\���^ahvh��
Í�$ÙÌ�Í %lØ§Ú�ÕEÞ�Ø§Þ�Ü~ÓiÔ�ÜUß Ô<Ó
��V]^:ivZ#[�h�^cZ2^asMTGXYTWivq�s�qY��X2ÿGf�q�Z#[�i�hv^6r&�f�h�Xt\e\Wi�j�^ab2\edM\eTW^aZ Teq�f.q~Z#[CXtbe^#ivT)��ivTeV�XtsÿWi�sMTW^abe[]bW^aTe^�r'��q�s�^2�KXt\�s�q�T@[CXYbWT�qY��TeV]^2bW^a\e^6XtbGfWVgqt�KTWV]iv\@[CXY[�^ab6zQ|]�]T��>^)��ivh�h�}~i�`~^
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activation link

inhibition link
)ÿNiv}~�]be^2�6m��v�2ÒQ��V]^�f.hBXY\e\WikjC^abO\WdM\eTe^cZ�XY\OX�s]^aT���q�bKÆ

\eq~Z#^_\e�]}~}�^a\WTeivq�s]\_qY��V]qY��TWV]iv\OfaXYs:|�^�rMq�s]^�Xt\OX����]Te��be^@[]beq�æ.^6f.T��
¿+*�½W¿�½e¿ ð�ÎOÉ�Æ-,�Ì]Ë�.�ÆQÌ]ËeÃ7ÁÿQivbe\eT�qt�	XYhvh�TeV]^�X�f�Teiv`�XYTWi�q~sM �XtsCr2ivs]V�i�|�i�TWivq�s)h�ivs,ÆM\�TWVCXYT�^���iv\WT>|�^aT���^a^as�TWV]^�f.hBXt\e\eikjC^cbe\
ivs#TWV]^O\Wdn\WTe^aZ�\eV]q~�]hBr2|�^�rM^aTW^abeZJivs]^6r*�����NTWV]^abe^�Xtbe^Os�q"[CXt\e\WTeV]bWq��]}~V]\>ivs2TWV]^@\edM\eTW^aZ
TeV�i�\�iv\>X_\eTWbGXYiv}~VnT���q�bW�KXtbGr)[]bWq]f.^6rM�]bW^@\eq���^O��ivhvh]XY\e\W�]Z#^�TWVCXYT7TeV]^abW^�XYbe^�s�q�s]^_i�s)TeV�i�\
\e^�f.Teivq�sQ����V]^@s]^.�]T_\e^6f.TWivq�s�rM^6Xth�\���ivTWV�TWV]^"faXt\e^@��^abe^�TWV]^abW^"XYbW^�[CXY\W\eTWV]beq~�]}�V]\��
��V]^�hvivs,ÆM\>Xtbe^���q��]sCr)|Md)Z�XtTGfWV]ivs]}�XYhvh]TWV]^�X�`�Xti�hBXt|]hv^�Z#^a\W\GXt}�^a\4â�qY�NTWV]^�f.hBXt\e\eikjC^cbe\

TeV�XYT�rMqOs�q�T�[]beq]rM��f.^>q~�]Te[��]TG�Qivs�TeV�^>\Wdn\WTe^aZ�XY}MXYivs]\eT�XYhvh�TWV]^�f.q�sCr�i�TWivq�s]\�qY�Cf.hBXt\e\eikjC^cbe\
ivs"TWV]^�\edM\eTW^aZ��Q���ÙX_Z#^a\W\GXt}�^�qt�ÙX@f.hBXY\e\WikjC^ab�Z�XtTGfWV]^a\���ivTeV"XHZ�XtTGfWV]^6r~ �TebW�]^�f.q�sCr�i�TWivq�s
qY��X�f�h�Xt\e\Wi�j�^ab6zNXts¥X~f.Teiv`�XtTeivq�sM �hvivs,Æ2iv\�[�h�X~f.^6r<|C^cT��>^a^cs�TeV]^a\W^2T��>q:f.hBXY\W\eikjC^abW\6�)���>TeV�^
Z#^c\e\GXt}�^�Z:XYTGfWV]^c\	��ivTWV�Xts"�]s�Z�XYT.fWV]^6r~ �TebW�]^Of.q�s�rMivTeivq�sNz~XYs)i�s�V]iv|]ivTeivq�sM �hvivs,ÆOiv\�[]hBX�f.^�r
|�^aT��>^c^as�TWV]^aZ��
�!V�^asgTWV]^�f.q~Z#[]ivhv^6r<\edM\eTW^aZxi�\�be�]sNz7TeV]^�jCbe\WT"\WTe^a[ÜTWVCXYT)iv\"T.XBÆ�^cs�i�\)Teq�fWV]^6fGÆ

��V]iBfWV�f.hBXY\W\eikjC^abW\�XYbe^2X�f�Teiv`�XYTW^6r:|Md:TeV]^�ivs][��]T� �Z#^a\W\GXt}�^�����V�^a\e^2f.hBXY\W\eikjC^abW\±Xtbe^)TeV]^cs
f.q~s]\eiBrM^abW^6r�X�f�Teiv`�^"XtsCr:TWV]^"q~s]^a\@��ivTeV:TeV�^"V]iv}~V]^a\eT@|]iBrM\_TeVCXtTO��q��]hBrJVCX�`~^�|C^c^as¥Xthk 
hvqY�>^�r2Teq)[]hBX�f�^�TWV]^aivb�Z#^a\W\GXY}~^a\�i�sJTeV]^@ZJ^a\e\.XY}�^� ³hviv\eT�ivsJTeV]^@ivsMTe^abW[]be^aTW^6r:\Wdn\WTe^aZ�s]qY�
X�f�Teiv`�XYTW^�TWV]^aivb�q���Te}�q~ivs]}"hvivs,ÆM\�Teq2TeV�^�q~TeV]^cb�f.hBXY\W\eikjC^abW\�ivs�TWV]^@\edM\eTW^aZ�����V�^�s�^a�4\e^aT
qY��X~f.Teiv`~^#f.hBXY\e\WikjC^abe\)��ivhvh	s�qY�{|�^#TeV�^2\e^aT)qY�Of.hBXY\W\eikjC^abW\"TWVCXYT�V�XY\"Xts�i�s�f.q�ZJi�s�}#X�fW 
Teiv`~^�X�f�Teiv`�XYTWi�q~sM �h�ivs,ÆH��q�b7^a`�^abWd2Z�XtTGfWV]^6r~ �TebW�]^�f�q�sCrMivTWi�q~s�XtsCr2s�q�ivsCf.q�ZJivs]}�X~f.Teiv`�XYTW^6r
ivs]V]iv|]ivTeivq~sM ³hvivs,ÆM\Q��q�b�^a`~^abedJ�]s]Z�XtTGfWV]^6rn ³TWbe�]^@f.q�sCr�i�TWivq�sN�Q��V]^@[]beq]f.^c\e\�fcXYs#s�qY�!\eT.XYbeT
XY}MXYivsN�ÃH�Nf.q��]bW\e^�zM��V�^as2TeV]^�V�i�}~V]^a\WT�|]iBr]rMivs]}@X�f.TWi�`�XtTe^6r2f�h�Xt\e\Wi�j�^ab�Ö	ö�û]ú	VCX�`~^>q~�]Te[��]T�TeV�^
f.d]f.hvivs]}2iv\�\eTWq�[][�^6r�XtsCr2ivTe\�q~�]Te[��]T�iv\�TGXBÆ~^as�XY\�q~�]Te[]��T�qY�	TWV]^�\Wdn\WTe^aZ��
¿+*�½W¿�½�* ð�ÎOÉ2ÍOÆPÕOËeÁ´ã�Ã�Â ñ_Ë�ÐTÒÿ�q�b�TeV]^@\edM\WTe^aZ&TWq"|�^�XY|]hv^_Teq)h�^�XYbesJTeV]^cbe^@Z2�]\eT7|C^�X@��X�d2Teq)�][*r]XYTW^OTeV�^�\WTebW^as]}�TWV]\
qY��TWV]^"f.hBXY\W\eikjC^abW\6�7��V]iv\�i�\Or�q�s]^�|Md2\W^ahv^6f.Teivs]}Jq�s]^�i�s�f.q�ZJi�s�}�hvivs,Æ2[�^abOZ:XYT.feV�^6r~ �Tebe��^
f.q~sCrMivTeivq�s:qt�KXYs�X�f�Teiv`�XYTW^6r�f.hBXY\W\eikjC^ab��mÿ�q�b�^.�CXYZJ[]hv^@q�s]hvd#TWV]^�hvivs,ÆM\Of.q�s�s]^6f.TW^6r���ivTeV
TeV�^2V]iv}�V]^a\WT� �|]iBr]rMivs]}:f.hBXY\e\WikjC^abe\�Xtbe^)\e^ahv^6f.TW^6r*� ¿ bGXtsCrMq�Z \GfWV]^aZJ^�z�ivs���V]iBfWV�X�h�ivs,Æ
iv\Ob.XYsCrMq~Z#hvd)\e^ahv^6f.TW^6r�iv\OXYhv\eq2[�q�\W\eiv|]hv^�����V]iv\���q��]hBrJ|C^�Z#q�bW^@h�i.Æ~^�TWV]^"rM^�jCs]ivTeivq�s:ivs
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\W^6f.Teivq~sü\]�ò¦�� \��2��V]^:f.hBXY\e\WikjC^abe\)be^c\e[�q�s]\Wi�|�h�^���q�b�TeV]^:X�f.TWi�`�XtTeivq�s�qY�OTWV]^a\W^�hvivs,ÆM\@s]qY�
bW^6f.^aiv`�^2XJ[CX�dMZ#^asMT���bWq�ZyTWV]^���be^a\WV]hvd�X�f.TWiv`�XYTe^�r�f.hBXY\W\eikjC^ab�����V]iv\O[�X�dnZJ^asMT�iv\6zNXt\Oivs
TWV]^"q~bGrMivsCXtbed�f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZ¯^6�~�CXth�Teq:TeV�^"|]iBr<qY��TeV]iv\�f.hBXY\W\eikjC^ab)rMiv`niBrM^�r:|Md�TeV]^
sM�]Z2|�^ab�qY��f�q�sCrMivTWi�q~s]\6����V�^�[�beq]f.^a\W\�iv\�ivhvhv�]\eTWbGXYTW^6r2ivsJjC}~�]be^2�6m��ò¦]�

condition 1

condition 2

condition n

...

condition 1

condition 2

condition n

...

condition 1

condition 2

condition n

...

All conditions have satis-
fying incoming links.

The classifier is activated;
for every condition only the
strongest incoming link is
selected.

A payment is returned to
classifiers responsible for
the incoming links.

ÿQiv}��]bW^2�6m]�ò¦�Ò*��V]^"X~f.Teiv`�XYTWivq�s2qY�>X)f.hBXY\W\eikjC^ab_i�s:X)s]^aT���q�bGÆ
��V]^�X�f�Teiv`�XYTWi�q~s]\2XYbe^<[]beq~[CXY}MXYTe^�rgTWV]beq~�]}�V���q~be��XYb.r�hvivs,ÆM\2|C^aT���^a^as�f.hBXY\e\WikjC^abe\�z

TWV]^2�][*r]XYTW^a\"qt�KTWV]^#\WTebW^as]}�TWV]\2XYbe^J[]beq~[CXY}MXYTW^6r�TeV]bWq��]}~V�|CX�fGÆM��XYbGr�hvivs,ÆM\6����V]iv\�iv\
s]q~T2�]s]hvi.Æ�^�TWV]^�s]^c�]bGXth�s�^aT��>q~bKÆÜhv^6XYbWs]ivs]}�[CXtbGX�r�i�}~Z�ÆMs]qY��s!Xt\#|CX~fKÆM[]bWq�[CXt}nXtTeivq�sÀe�T�jÂHi��GÅe����V]^@\eivZ#ivhBXYbWi�TWiv^a\>XYbW^�rMiv\Gf.�]\W\e^6r<ivs#\W^6f.Teivq~sg�6m�� l��
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Â�XY\W\eTWV]beq~�]}�V]\_�>^cbe^"rM^�jCs]^6r:ivs�fWVCXY[�Te^ab�\2XY\�[�q�\eivTWi�q~s]\�ivs#TWV]^"X�f�Teivq�s:qY��X2f.hBXY\W\eikjC^ab
TWVCXYT���ivhvhC|�^_jChvhv^6rJi�sJ|Md#TeV�^±f�q�bebW^a\e[�q�s�rMivs]}#[�q�\Wi�TWivq�s]\�qY��q�s�^±f�q�sCrMivTWi�q~s@â���V]iBfeV:��^
faXthvh�^�r�TWV]^�ÿW[]be^.��^abebW^6r:f.q�sCr�i�TWivq�s/�@ivs"\W^6f.TWi�q~s \�� ¦��ò¦��a�����NTeV]^abW^�Xtbe^���ivhBr]faXYb.rM\>XtT�TeV]^c\e^
[�q�\Wi�TWivq�s]\�ivs2TWV]^�f.q�sCr�i�TWivq�s2TeV�^as#TWV]^�f.q~bebW^a\e[�q�sCr�i�s�}#feV�XYbGX~f.Te^cb�qY�NTeV�^OZ#^c\e\GXt}�^_TeVCXtT
��XY\@be^c\e[�q�s]\Wi�|�h�^���q�b�X~f.Teiv`�XYTWivs]}:TeV]iv\"f.q~sCrMivTeivq~s�iv\@\e�]|�\eTeivTW�]Te^6r��:���OTeV]^abW^�Xtbe^2Z#q~be^
ZJ^a\e\.XY}�^c\2TeVCXtT�f.q~�]hBr�VCX�`�^�X�f�Teiv`�XYTW^6r�TWV]^�f.q~sCrMivTeivq�sQz�TeV�^�q~s]^J��beq~Z°TeV�^�V]iv}�V]^c\eT� 
|]iBr]r�i�s�}�f.hBXt\e\eikjC^cb�i�\�T.XBÆ~^asN�
��T�Z#iv}�VMT�\e^a^cZ{TeV�XYT�TeV]iv\Q[Cq~\e^a\�s�qO[]bWq�|]hv^aZJ\	XYT�XYhvh�zYXY\N��^�faXYs)[CXY\W\�[CXY\W\eTeV�beq���}�V]\

Xth�q~s]}2`MiBX2TeV�^�X~f.Teiv`�XYTWivq�sM �hvi�scÆn\jâ�q�b_|nd<�]\eivs]}J[CXYb.XYhvhv^ahN[CXt\e\WTeV]bWq��]}~V�h�ivs,ÆM\.��\eqJTeV]^cbe^
��ivhvh�|C^#Xts�^.�]TWbGX:s]^cT��>q~bKÆ�TeVCXtT�[CXY\W\e^a\)`�XYbWiBXY|]hv^a\_|C^aT���^a^asÜf.hBXY\W\eikjC^abW\6� ¿ []beq~|]hv^aZ
Xtbeiv\e^a\2��V�^asg��^�XYbe^J|]�]ivhBrMivs]}�TWV]^:s]^aT���q�bKÆgXtsCr��>^JTebWd�TeqgrM^aTW^abeZJivs]^#��V]^cbe^:TeV]^
X~f.Teiv`�XYTWivq�sM 4â³XtsCr:ivs]V]iv|]ivTWi�q~sM e��hvivs,ÆM\���ivh�hNf�q�Z#^~�>��^��]\e�CXthvh�d:rMq2s]q~TmÆMs]qY����V]^aTeV�^ab
TWV]^�[CXt\e\eTWV]beq~�]}�V�\���ivhvh*|�^"\W�]|]\eTWivTe�]TW^6r�|Md�X)q�s�^�q�b@X²�a^abeq:\Wq#TeV�^abe^)��ivh�hQ|C^)X2[�q�\� 
\Wi�|�i�hvivT�d�TWVCXYT)TeV]^�X~f.Teivq�sgf�q�sMTGXti�s�i�s�}�TeV]^:[CXt\e\WTeV]bWq��]}~Vg��ivhvh>Z:XYTGfWV���ivTeVgX�f.^abWTGXti�s
f.q~sCrMivTeivq~s#ivs#q~s]^"faXt\e^"XtsCr2s]q~T�ivs�TWV]^@q�TWV]^ab6��Ã_s]^�\eq~hv�]Teivq�sJTeq2TWV]iv\�[]beq~|]hv^aZ&iv\�TeV]^
�]\W^@qY�hòökùCÖBô.ó�ô�ökù&ñBõ�õ[ôYùIs�ú�� ¿ f�q�sCrMivTWi�q~sCXYh�hvivs,Æ"iv\�X�f.TWiv`�XYTe^�r2��V]^as:TWV]^�f.hBXY\e\WikjC^ab���bWq�Z
��V]iBfWV#ivT�rM^a[CXtbeTW\�i�\�X�f�Teiv`�XYTW^6r#XtsCr2TWV]^@[CXY\W\eTeV�beq���}�V:TeVCXtT�ivT�iv\OXY\e\Wq]f.iBXYTe^�r#��ivTWV#VCXt\
TWV]^@beiv}�VMT�`�XYhv�]^~�
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¿ f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZ&��ivTWV"[CXt\e\WTeV]bWq��]}~V]\KfcXYs2TeVM�]\7|C^_i�ZJ[]hv^aZ#^csnTW^6r_|Md�Xt�]}�ZJ^asMT� 
ivs]}#TWV]^2X�f.TWi�`�XtTeivq�s� KXYsCri�s�V]iv|]ivTeivq�sM �hvivs,ÆM\>��ivTeV<`�XYbeiBXt|]hv^a\}â�VCX�`Mi�s�}2TeV]^)`�XYhv�]^�qt�>TeV�^
XY\W\eq]f.iBXYTW^6r2[�XY\e\WTeV]bWq��]}~V]\�i�s)TeV�^�q�beiv}~i�s�XYhM\edM\eTW^aZ��7XYsCr2f.q~sCrMivTeivq~s]\6zY��V�i�fWV2q~s]hvd"X�f.TWik 
`�XYTW^>X�f.^abWTGXti�s�h�ivs,Æ���V�^as�TeV�^�[CXY\W\eTWV]beq~�]}�V]\�VCX�`~^�X�f.^abeT.XYivs�`�Xth���^��*��V]iv\*iv\Nivhvhv�]\eTWbGXYTW^6r
ivsJjC}��]bW^2�6m]�eU��

OUT
0

activation link

inhibition link
1

x=1
x

x==0

x=0

x

x=  <value> means that a passthrough gets a fixed value
x means that a wildcard/passthroug combination occurs
   in the classifier.
x== <value> means a conditional link (a match occurs 
   only if x has a certain value)ÿQiv}��]bW^���m]�eU�Ò�Ý�hBXY\W\eikjC^ab�\Wdn\WTe^aZy��ivTWV#[CXt\e\eTWV]beq~�]}�V�\�XY\OXts�XY�]}~Z#^asMTe^�r2s]^aT���q�bGÆ

Í�$ÙÌ�´ ÝSÚ^Þ�Þ@5�Û>Ú
��V]^2�~�]^a\eTWivq�s�s]qY�4iv\,Ò���VCXtTOiv\@TeV]^)\e[�^a^6r��][�TeVCXtTOiv\�X�fWV]iv^a`�Xt|]hv^���V]^as���^2f.q�ZJ[]ivh�^
X#f�h�Xt\e\Wi�j�^abO\Wdn\WTe^aZ ivsnTWq�X�s]^aT���q�bGÆ��^ÿQivbe\WTO��^�Z2�]\WT�^a\eTWi�Z:XYTW^�V�qY��Z2�CfWV:TeivZJ^OTeV�^
f.q~Z#[]ivhBXYTWi�q~s:[]beq]f.^a\W\2ivTe\e^ch���TGXkÆ�^a\��Uÿ�q�b@TWV]^�f.q~Z#[]ivhBXYTWivq�s#ivT�iv\@s]^6f�^a\e\.XYbed�Teq�Z:XYT.feV
XYhvh�TeV�^�X~f.Teivq�s�\OqY��TeV]^2f.hBXY\W\eikjC^abW\"XY}MXYivs]\eT@XYhvhNTWV]^2f.q�sCr�i�TWivq�s]\��@��V]^"f.q~sCrMivTeivq�s�\±XtsCr
X�f�Teivq�s]\���i�hvh�V�X�`�^2Teq:|�^�f.q~Z#[CXtbe^6r<[�q�\eivTWi�q~s�|Md�[Cq~\eivTeivq~sN� ÊH\eivs]}:TeV�^#s]q~TGXYTWivq�s�qY�
\e^�f.Teivq�s�^�� U±��V]^abe^�P�iv\�TeV]^_sn��Z2|C^ab7qY�	f.hBXY\W\eikjC^abW\6zP�2TeV�^OsM�]Z2|�^ab�qY�	f�q�sCrMivTWi�q~s]\�[C^ab
f.hBXY\W\eikjC^ab@XYsCrR�QTeV]^@hv^as]}~TeV:qY��X"f.q~sCrMivTeivq~s#TeV�^±f�q�Z#[�XYbeiv\Wq�s2qY��XYhvh*TeV�^±f�q�sCrMivTWi�q~s]\�qY�
XYhvh�TeV�^�f.hBXt\e\eikjC^cbe\���ivTeV�XYhvhQTeV]^#X~f.Teivq�s�\�qt�>TeV�^�f.hBXt\e\eikjC^cbe\"f.q~\eTW\�Ã�â³P ¢ ô%�Fô%�B�_TeivZJ^��
��V]^2rM^aTW^abeZJi�s�i�s�}2qY�>TWV]^"[�XY\e\WTeV]bWq��]}~VM �h�ivs,ÆM\@XYsCr:TWV]^2f.q�sCr�i�TWivq�sCXthNhvivs,ÆM\�TGXBÆ~^a\@TeivZ#^
ivs�TeV]^2q~bGrM^cb{Ã�â³P ¢ ôj�B��Xt\��>^2Z2��\eT�fWV]^6fGÆ���q�b@^a`~^abed�[�XY\e\WTeV]bWq��]}~V_â³XtT�Z#q~\eT(�B�@ivs
^a`~^abed�ZJ^a\e\.XY}�^2��ivTWV�^a`�^abWdg[]bW^.��^abWbe^6rÜf.q~sCrMivTeivq~sîâ�q�s]hvd�q�s]^2[�^ab#f.hBXY\W\eikjC^ab.�az�ik�OivT�iv\
ivs]ivTeiBXYhvim�a^6r�z�[CXt\e\W^6r:q�s:q~b�i���ivTKfaXt�]\e^c\±X)f.q~sCrMivTeivq�s�XYh*hvivs,Æ*�
��V]^:TWi�ZJ^#TWV]^�f.q~Z#[]ivhBXYTWi�q~s�T.XBÆ~^a\#iv\2^.�]Teb.Xgf.q~Z#[CXtbe^6r,Teq���VCXtT2iv\2s]^a^6rM^�rÜ��q~b

XYs<q�bGr�i�s�XYbed�f.hBXt\e\eikjC^cb�\WdM\eTe^cZ�� ¿ sMd�\e[�^a^6r��][�Z2��\eTO|�^2faXY�]\W^6r<|nd:\W[C^a^�rM�][�ivs�TeV�^
f.d]f.hvivs]}Y �[]bWq�f�^a\e\��
��V]^�f.d]f.hvivs]}Oqt�ÙXYs�q�bGr�i�s�XYbed@Z2�]hvTWi� �hBX�d�^ab*f.hBXY\W\eikjC^ab�\Wdn\WTe^aZ�T.XBÆ�^c\�Ã�â�P ¢ ôM� ôM�B��TeivZ#^â�\W^a^�\W^6f.Teivq~s�^��eU��a� ¿ s]^aT���q�bGÆ2TGXkÆ�^a\�TWi�ZJ^mÃ�â³P�ô��Jô"�B��Teq)Z�XtTGfWV2TeV�^�ivs][��]T� �Z#^a\W\GXt}�^

��ivTeV�XYhvhNTWV]^#f.q~sCrMivTeivq�s�\OqY��XYhvhNTWV]^#f.hBXY\W\eikjC^abW\Râ���V]iBfWV�iv\�XYhv\eqJTeV]^)TeivZJ^�TGXkÆ�^as:��q�b�X
\eivs]}~hv^. ³hBX�d~^abNq~bGrMivsCXtbed"f.hBXt\e\eikjC^cb	\WdM\eTe^cZ��a�lÄM�]|�\e^6�~�]^asMT>X~f.Teiv`�XtTeivq�s]\QqY�Ùf�h�Xt\e\Wi�j�^abe\�T.XBÆ~^Ã�â³P ¢ ô%�]��TWivZ#^_��q�b_TeV]^)[]bWq�[CXt}nXYTWivq�s:qY�KX~f.Teiv`�XtTeivq�s:|�^6faXY��\e^#XYT_Z#q~\eTOP°f.hBXt\e\eikjC^cbe\
XYbW^OX�f.TWiv`�^�XYsCr���ivh�hMZ:XYTGfWV@��ivTeV2XYT�Z#q~\eT�P&q~TeV]^ab�f.hBXY\e\WikjC^abe\7TeVCXtT	V�X�`�^��"f.q~sCrMivTeivq~s]\
^6X~feVQ�zÂ	X�dMivs]}�qt�C|]iBrM\N��ivhvhnf�q�\eT�XtTNZ#q~\eTsÃ�â³P4ôm�]��TeivZ#^�â³XtTNZJq�\eTNP�f.hBXY\e\WikjC^abe\7VCX�`�^�TWq
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[CX�d(�)f.q�s�rMivTeivq�s]\.�a�Q��V]^�[]bWq�[CXt}nXYTWivq�s�qt�Ù[CXt\e\WTeV]bWq��]}~V]\>faXt�]\e^a\�XYT�ZJq�\eT�P�f�h�Xt\e\Wi�j�^abe\
TWq�[�XY\e\²��[CXt\e\WTeV]bWq��]}~V]\�Teq�P°q~TeV]^ab)f.hBXY\e\WikjC^abe\��2��V]iv\@�>q~�]hBr�X~r]r�Ã}â�P ¢ ô%�B�@TWi�ZJ^��¿ \T�*iv\��]\e��XYhvhvd�X�hvq�T�}�be^�XYTe^cbOTeV�XYs �JTWV]^@Teq�T.XYh*TWi�ZJ^�s]^a^6r�^6r:��q��]hBr)|�^�Ã�â³P ¢ ô"�B��\Wq
TWV]^@\e[�^a^6rM�][���q��]hBr2|�^�XYT�hv^6Xt\eTOX��³X~f.Teq~bT�*�
��V]^_TeV]^aq~be^aTWiBfaXYhNfaXthBf.�]hBXYTWi�q~s"qt�NTeV]^_\e[�^a^6rM��[�iv\�s]q�T7`�^abWd2�]\e^.���]h�z�V]qY��^a`~^ab6z]Xt\>��^ÆMs]qY�$`�^abWd�hvivTeTWh�^2XY|�q���T�TeV]^2bW^6XYh�sM�]Z2|�^ab@qY��[CXY\W\eTeV�beq���}�V]\)q�b�q~�]Te}~q�ivs]}:hvivs,ÆM\�[�^ab

f.hBXt\e\eikjC^cb6����s�X�Z#q~be^�ivsMTe�]ivTWi�`~^O^a\WTeivZ�XtTeivq�s)qY��\e[�^a^6rM��[���^�faXYsJ\GX�d2TWVCXYT�ivs#q�b.rM^ab�TWq
rM^cTe^abWZ#ivs]^�TeV�^�X�f�Teiv`�^@f.hBXY\e\WikjC^abe\�ivs#X@s]^aT���q�bGÆ#XY\�q~[][�q�\e^�r#TWq"XYs2q~bGrMivsCXtbed2f.hBXY\W\eikjC^ab
\Wdn\WTe^aZ��>^:rMq�s�q�T)VCX�`�^JTeq�f.q~Z#[CXtbe^JTeV]^:f.q�ZJ[]hv^aTe^2ZJ^a\e\.XY}�^c\"TWq�TWV]^�f.q�sCr�i�TWivq�s]\�z
[�q�\Wi�TWivq�s�|nd�[�q�\eivTWi�q~sNz�XY\���^2VCX�`�^#r�q�s]^JTeVCXtT���V]ivhv^�f.q~Z#[]ivhvivs]}#TWV]^2\edM\WTe^aZ��:��V]iv\
faXts"bW^6rM�Cf�^OTeV�^>s]^�f.^a\e\.XYbWd2�>q~bKÆ�|Md"XH�³X~f.Teq~b ��� ¿ h�\Wq@�>^�rMq@s]q�T�VCX�`~^>TWq�f.q�ZJ[CXYbW^�TeV]^
ZJ^a\e\.XY}�^@qt��XYs�X~f.Teiv`�^)f.hBXY\e\WikjC^abOTWq2TeV]^)f.q�sCr�i�TWivq�s]\�qt�nñkõYõMTeV�^"f.hBXY\W\eikjC^abW\�XY\���^�VCX�`~^
rM^cTe^abWZ#ivs]^6r�|C^���q�bW^aVCXYs�r2��V]iBfWV#f.hBXY\W\eikjC^abW\>faXYs2|�^�X~f.Teiv`�XtTe^6r�|Md�Xtsnd�q�TeV�^ab>f.hBXY\W\eikjC^ab��
�����>^"Xt\e\W�]Z#^_TeVCXtT�X�f�Teivq�s]\�qt��f.hBXt\e\eikjC^cbe\�X�f.TWiv`�XYTe^@q~s]hvd#X)\eZ�XthvhC\W�]|]\e^cTOqY��TWV]^@Teq�T.XYh
sM�]Z2|�^ab�qt��f.hBXY\e\WikjC^abe\�z�TeV]iv\)be^aZJqY`�XYh�qt�O[Cq~\e\eiv|]hv^�faXtsCrMiBr]XYTW^a\)Teq�|C^�X�f�Teiv`�XYTW^6rgfaXts
Xth�\Wq"}~iv`�^�X)hvq~T>qt�	\e[�^a^6r��][N�¿ hvh_i�s�XYhvhOTWV]^¥f�q�Z#[�i�hBXtTeivq�s�qY�"XYs�X�`~^abGXt}�^�f.hBXY\W\eikjC^ab:\edM\WTe^aZ;i�sMTWq�X�s�^aT��>q~bKÆ
faXts�\.X�`�^2XJh�q~TOqt�KTWi�ZJ^@��V]^asgf.d]f.hvivs]}:TeV]^)\edM\WTe^aZ��"����q�f�q�sCrMivTWi�q~s]\@Z2�]\eT_|C^2ZJ^aT
V]qY��^a`~^ab6�}ÿQivbe\WTOTeV�^"sM�]Z2|�^abOqt�Kf.d]f.hv^a\�qt��TeV]^)\edM\eTW^aZ¯Z2�]\eT�|�^)h�Xtbe}~^"f.q�ZJ[CXYbW^6r:TWq
TWV]^�XYZ#q~�]sMT@qY����q�bGÆ�s]^6f.^c\e\GXtbedÜTeqgf�q�Z#[�i�hv^)ivT6����V]iv\2iv\2XYhvZ#q~\eT�XYhv��X�dn\)TeV�^fcXY\e^â�¦�m�m~m@f.d]f.hv^a\�ivs2TeV]^_^.�][C^abWivZ#^asMTe\7[C^ab���q�bWZ#^6r)ivs2TWV]iv\>[CXt[C^cbG�a����V�^O\e^�f.q�sCr:XtsCr)Z#q~\eT
ivZ#[�q�bWTGXtsnT�f.q�s�rMivTeivq�s)iv\�TeVCXtT�TeV�^Of.hBXY\e\WikjC^ab�\edM\eTW^aZ&\eV�q��]hBr�|C^@XOZ2��h�TWik ³hBX�d�^cb*\edM\eTW^aZ��
��V]^)Z�XtTGfWV]ivs]}JqY��TeV]^2ivs][]��T� �Z#^a\W\GXY}~^"f.q~\eTe\2XY\@Z2�CfWV�TWivZ#^�ivs�X#s�^aT��>q~bKÆ�XY\@ivs¥Xts
q~bGrMivsCXtbed�\edM\eTW^aZ�����V]^:\e[�^a^6r��][ÜZ2�]\eT�|�^�X�fWV]iv^a`~^6r�ivsg\W�]|]\W^6�~�]^asMT�f.d]f.hv^a\2qt�OTeV]^
\Wdn\WTe^aZ��
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¿ \�f.hBXY\W\eikjC^ab_\edM\eTW^aZ#\@faXYs<|C^�Z:X�rM^@TWq2be^a\W^aZ2|]hv^"X)s]^aT���q�bGÆ*zC��^"faXts�s]qY�4XY\GÆ�q~�]b� 
\W^ahv`�^a\�TWV]^�����^a\eTWi�q~sFÒQi�sJ��VCXYT���X�dn\�XYbW^�f.hBXY\e\WikjC^ab�\edM\WTe^aZJ\Kf.q~Z#[CXtbGXt|]hv^���i�TWVPù&û�øMðbñkõ
s]^cT��>q~bKÆM\6�4[�^a��bGXYh_s]^aT���q�bGÆn\>â�\e^a^��q�b)^.�CXYZJ[]hv^@À �´�jÂHi]�~zzÄM�KÁ@ÂHg�i�ÅØ�)XYbW^:h�^�XYbes�i�s�}
\Wdn\WTe^aZJ\@TeVCXtT±Xtbe^2ZJq�r�^ahvh�^�r�X���TW^ab�TWV]^2�KX�d:TWV]^#XYs]ivZ:XYhNs�^a�]bGXth�\edM\WTe^aZ¯��q�bKÆM\~â�\W^a^
^�� }��iÀ ¿ È~fGg�U�Å��a�Q��V]^ad:f.q�s�\eiv\eT�qt�	s]q]rM^a\_TeVCXtTKXtbe^�f.q~s]s]^6f.TW^6r:��ivTeV:hvivs,ÆM\6�Q��V]^@s]q]rM^a\
faXts�|C^:X�f.TWiv`�XYTe^�r*�:��V]iv\"X�f�Teiv`�XYTWi�q~s�iv\���\e�CXth�hvd�^���[�be^a\W\e^6rÜ|Md�X:be^�XYh�sn��Z2|C^ab�TeVCXtT
faXtsgVCX�`~^#`�Xth���^a\"��ivTWV]ivsgX�f.^cbeTGXtivs�b.XYs]}~^�z�q~b"V�X�`�^�X<sM�]Z2|�^ab�qY��rMiv\Gf.bW^aTe^:`�Xth���^a\6�
��V]^_hvi�scÆn\7i�sMTWq�X@s�q�r�^�V�X�`�^OX)f.^abeT.XYivs#��^aiv}�VMT�TeVCXtTKfcXYs�Xthv\eq�|�^@^.�][]be^a\W\e^6r<XY\�X�bW^6XYh
sM�]Z2|�^ab6�
��V]^�X~f.Teiv`�XtTeivq�sÜqY�"X,s]q]rM^�iv\�rM^cTe^abWZ#ivs]^6rÜ|Md!X<���]s�f.Teivq�s�qY��TeV]^�\e��Z qY��TeV]^

��^aiv}�VMTe\@qt�OTeV]^2ivsCf.q~Z#ivs]}2hvivs,ÆM\�Z2�]hvTeiv[]hvik^6r:|Md�TeV�^�X�f�Teiv`�XYTWi�q~s]\Oqt�OTeV]^2s�q�r�^a\@��bWq�Z
��V]iBfWV#TWV]^a\W^"hvivs,ÆM\>q~beiv}�ivsCXtTe^��Q��s:TeV]iv\���X�d2s]q]rM^a\_i�s�LC�]^asCf�^�^6X�fWV:q�TWV]^ab��¿ s]^aT���q�bGÆghv^6Xtbes]\J|nd��][*r]XYTWi�s�}�TWV]^���^aiv}�VMTe\2qt��TeV�^�hvi�scÆn\)ivs!X�Z�XYs�s]^ab)TeVCXtT
Xt}�be^c^a\2��ivTeV�TeV�^�T.XY\GÆ�Teq�|�^:h�^�XYbes�^6r*�îÁ�XtsMd¥rMiZY*^abe^csnT2[�XYbGX~rMiv}�ZJ\�qt�Os]^a�]b.XYh�s]^cT� 
��q�bGÆn\�^.�]i�\WT6z�TWV]^#Z:XYivs�q�s�^a\"|�^aivs]}=�Hq�[Mj�^ahBr�s]^aT���q�bKÆM\Sâ���V]iBfWV�VCX�`~^2\edMZ#ZJ^aTebWi�fcXYh
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f.q~s]s]^6f.TWivq�s]\.�O��ivTWV��H^a|]|]iBXts�hv^6Xtbes]ivs]}2XYs�r#Z2��h�TWik ³hBX�d�^cb���^a^6rn��q�bW�KXtbGrJs]^aT���q�bGÆn\_��ivTeV
^abWbeq�b_|CX�fGÆM[]bWq�[CXt}nXYTWivq�s@â�TeV]^c\e^"rMq2s�q�T�VCX�`~^±f�d�f�h�^c\G�a�¿ \Of.hBXY\e\WikjC^ab@\edM\eTW^aZ#\OfcXYs�VCX�`~^�XY\edMZJZ#^aTWbeiBf�f.q�s�s]^6f.TWi�q~s]\�XY\���^ahvh	Xt\Of.d]f.hv^a\6z���^
faXts]s]q�T�rMivbW^6f.Tehvd"f�q�Z#[�XYbe^7TeV]^aZ$��ivTeV�TWV]^a\e^�[�XYbGX~rMiv}�ZJ\6����qY��^a`�^cb�TeV]^�rM^a\.f.beiv[]TWivq�s)qY�
s]^a��bGXYh�s]^aT���q�bGÆM\>XYsCr)f.hBXY\W\eikjC^ab7\edM\eTW^aZ#\�\W^a^as:XY\�s]^aT���q�bGÆn\�XYbe^�\Wq�Z2�CfWV"Xth�i.Æ~^�TeVCXtT�ivT
XY[�[C^6Xtbe\@ivsMTe^abW^a\eTWi�s�}#Teq)j�sCr:\eq~Z#^�XYs�XYhvq�}~i�^c\6�iÄ�q�Z#^@^�Y*q�bWTe\_VCX�`�^�|�^a^as<�]sCrM^abWTGXkÆ�^as
Teq�j�sCr�Z:XY[][]ivs]}~\_��beq~Z f.hBXY\W\eikjC^ab2\Wdn\WTe^aZJ\"TWq�s�^a�]bGXthOs]^cT��>q~bKÆM\6z7\e^a^:��q�b)^.�CXYZ#[�h�^ÀwÄ,Á:��f�Ã�ijU]zeÿ ¿ �Ti~m�Å�� ¿ \@�³XtbeZ#^cb}À ÿ ¿ �Ti�mäÅ���beivTe^a\)Ò@ÿ�¯eý,ûRò<õ.ñ�úú<ô ×iû�ð}ú"o�úó û�÷ ôtú�ð<ô�ò]ý«zô.ó�ý8úó�ð<ø,òó�øMðbût®zù&öB÷Rû<ù�ò<õ.ñ�ó�ø1ðû�®4ñBùCÖSõIökðbût®iñBùCÖ{ýÊñ�úRñRõ%ôtó û�ðbñäó*øMðbûjövu}ô.ó�ú�öý«zù>ó�ýÊñäóiý,ñ�úûpLäökõ]LBûGÖx÷{ökðbûmökðiõ.ûúú4ôYùCÖ9û�ï,û<ù�Ö	û�ùMó*õZo�ö�uqó�ýÊû4ù�û<øMðbñkõ,ù&û]ó1«�öBð�smõ[ô.ó û�ðbñäó*øMðû"yh§}öBù&û]ó�ý,û<õ.ûúú�®ó�ýÊûxó1«iöSñBðû(<øMô.óKûxú]ô ÷�ôYõ.ñBð�8vyMyMy 9��
¿+*�½Bê�½e¿ ð�ÎOÉ�Æ-,�Ì]Ë�.�ÆQÌ]ËeÃ7Á;:�Âtå_Á<,�Ì]ËeÃ7Á
��s]\WTe^6X~rgqt��f.q�s�f.^asMTeb.XYTeivs]}�q~s�jCsCrMivs]}�XYs�^���X~f.T2Z�Xt[][]ivs]}J��bWq�Z°f.hBXY\W\eikjC^ab)\edM\eTW^aZ#\
Teq�s]^a�]b.XYh_s]^aT���q�bKÆM\�z���V]iBfWV�iv\:XYhv�KX�dM\)[Cq~\e\Wi�|�h�^<|nd�\eTWbe^aT.feV�i�s�}�TWV]^�rM^�jCs]ivTeivq�s�\2qY�
|�q�TeVgf�q�sCf.^c[]Te\)�³Xtb@^as]q���}�VNzQ�>^2��ivhvh�TebWd�TWq�\GX�d�\Wq�ZJ^aTeV]ivs]}�Xt|Cq~�]T@TeV]^:f.q�sCf�^a[]Te��XYh
rMiZY*^abe^as�f.^a\�|�^aT���^a^as)TeV]^>f�h�Xt\e\Wi�j�^ab�\edM\eTW^aZ{XY\Q�]\e^6r±i�s@TWV]iv\N[CXt[C^ab�XYsCr_|�^aT���^a^as)s]^a�]b.XYh
s]^aT���q�bGÆM\�XY\�TWV]^ad:XYbe^��]\e�CXthvh�d2ivZJ[]hv^aZ2^asMTe^6r��
��V]^@s]^c�]beq~s]\Oivs#s�^a�]bGXthNs]^cT��>q~bKÆM\OVCX�`~^�XYs�X~f.Teiv`�XtTeivq�s����]sCf.TWivq�sN����V]^�f.hBXt\e\eikjC^cbe\

ivs:�³X~f.T�VCX�`�^)X�f.TWi�`�XtTeivq�s����]sCf�Teivq�s]\@XY\_�>^ahvh�����V]^a\W^"��^abe^2rM^a\.f.beiv|�^6r<i�s<TeV]^�[�be^a`Mivq��]\
\e^�f.Teivq�sQ�&��V]^�Z�Xti�s!rMiZY*^abe^csCf.^�|�^aT��>^c^as4TeV]^gX~f.Teiv`�XtTeivq�s����]s�f.Teivq�s�qY��XÜf.hBXY\W\eikjC^ab
XYs�r:TeVCXtT@qY�>X2s]^c�]beq~s�iv\OTWVCXYT_TeV]^)q�s�^�qY�>TWV]^"f.hBXt\e\eikjC^cb�\WdM\eTe^cZ�be^�����i�bW^a\�s]q~sM �h�q]faXth
ivsM��q~beZ�XtTeivq�sQ�C��V�i�\�|�^6faXY��\e^@qY�NTWV]^_�³X�f.T�TeV�XYT�q~s]hvd�X�hvi�ZJivTe^6r�sM�]Z2|C^cb�qY�NTWV]^OV]iv}~V]^a\eT
|]iBr]rMivs]}2f.hBXY\W\eikjC^abW\Oiv\�XYhvhvqY�>^6r)TWq2|C^�f.q�ZJ^�X�f�Teiv`�^�����V�^±X~f.Teiv`�XtTeivq�sJqY�	q~s]hvd�X)hvivZ#ivTW^6r
sM�]Z2|�^ab>qt�	s]q]rM^c\Oiv\�s]q�T��]s]V�^6XYb.r:qY��i�sJs]^a�]b.XYhQs]^aT���q�bKÆM\OXtsCr#faXts:|C^�ivZJ[]hv^aZ#^asMTW^6r
|Md¥f�q�s]s]^�f.Teivq�s�\"|�^aT���^a^asgs�q�r�^a\6�:��T�\WTeivhvh�Te^csCrM\)Teq�f.q~Z#[]hviBfaXtTe^�TWV]^#s]^cT��>q~bKÆM\�`�^cbed
Z2�CfWV2V]qY��^a`�^cbKXtsCr2iv\�s]q�T�X�rM^a\WivbGXY|�h�^@\Wi�TW�CXYTWivq�sNzY^c\e[�^6f.iBXYhvhvd2ivs�f.q~sMjC}���bGXYTWivq�s]\���ivTeV
Z�XtsMd"s]q]rM^c\6�¿ s]q�TWV]^ab#rMiZY*^abe^as�f.^�|�^aT��>^c^as!s]^a��bGXYh�s�^aT��>q~bKÆM\#XYs�r�f�h�Xt\e\Wi�j�^ab2\edM\eTW^aZ#\)iv\"TWVCXYT
TeV�^#X�f.TWi�`�XtTeivq�s:qt�KX2s]^c�]beq~s�iv\�r�^aTe^abWZ#ivs]^6r<|Md:TeV]^)�>^ci�}~VMTe\@qY�>ivsCf�q�Z#ivs]}>õ%ô ùIsEúaz�TeV�^
X�f�Teiv`�XYTWi�q~s"qt�	X�f.hBXY\W\eikjC^ab�iv\>rM^aTW^abeZJivs]^6r)|Md"TWV]^O��^aiv}�VMT�qt�oó�ýÊûxù&ö6Ö9ûjô.ó�úEû<õ ua�*��V]iv\>Xth�\Wq
VCXt\�\eq�ZJ^OivZ#[�h�iBfaXtTeivq�s�\���q�b�TeV�^�hv^6XYbWs]ivs]}Y �[]beq]f.^c\e\6z�XY\���^@��i�hvh*\W^a^�|�^ahvqY���
��V]^���X�d�ivs][��]T�i�\�VCXtsCrMhv^6r�ivs�X_s]^aT���q�bGÆ�qY�*f.hBXY\e\WikjC^abe\7i�\�Xth�\Wq�X�|]ivT�qY�NX�[]bWq�|]hv^aZ��¿ \�f.hBXY\e\WikjC^abe\�faXts�|�^gX�f�Teiv`�XYTW^6rÜ|Md!ivsMTe^abWsCXYh�XY\:��^ahvh�XY\:^.�]Te^abWsCXYh�Z#^a\W\GXY}~^a\6z_��^

^�Y*^6f.TWi�`~^ahvd2VCX�`�^�T���q"rMiZY*^abe^csnT�ÆMivsCrM\�qt�	X�f.TWi�`�XtTeivq�sQ�*��V]^�X~f.Teiv`�XtTeivq�s)qY�Nf.hBXY\W\eikjC^abW\�|nd
^.�]Te^cbesCXth	ZJ^a\e\.XY}~^a\�faXts:|C^�V�XYsCrMhv^6rJ|Mdnæ��]\eT_Z�XBÆMivs]}�TWV]^a\W^"f.hBXY\W\eikjC^abW\±X~f.Teiv`~^�ivs:TeV�^
jCbW\eT@\eTW^a[�qt��TeV]^"f�d�f�h�ivs]}JqY��TeV�^"f.hBXY\W\eikjC^ab@\edM\WTe^aZ�����V]^�\WTebeq~s]}�^c\eT@qY��TeV�^�X~f.Teiv`�XYTW^6r
f.hBXY\W\eikjC^abW\O��ivhvhCTWV]^as�|�^�XYhvhvqY�>^�r2Teq)\eT.X�d�X~f.Teiv`�^�XtsCr#X~f.Teiv`�XYTW^@q�TeV�^abOf.hBXY\W\eikjC^abW\6����V�^
q�TWV]^ab@[�q�\e\Wiv|]ivh�ivT�d2iv\�Teq:X�r]r:Xts�^.�]Teb.X2[CXtbeTOTWq2TeV]^�s]^aT���q�bKÆ:TWVCXYT@f.q�sM`�^cbeTe\@XYs�ivs][��]T
Z#^c\e\GXt}�^�ivsMTeq@TeV�^�X�f�Teiv`�XYTWi�q~s"qt�ÙTWV]^�beiv}~VnT�f.hBXY\e\WikjC^abe\�����V]iv\>faXts#|�^OrMq�s]^�|Md2f.be^�XYTeivs]}
XYs:^.�]TWbGX2s�q�r�^@��q�b�^c`�^abWd�|�i�T�ivsJTeV]^�ivs][��]T� �Z#^a\W\GXt}�^��7��V]^a\e^�s]q]rM^a\Oq~�]Te[��]T� a�Oik��TeV�^
Z#^c\e\GXt}�^@VCXt\��a^abeq:XYsCr��@ik�	TWV]^�ZJ^a\e\.XY}�^_VCXY\@X#��XtT�TeVCXtT�[Cq~\eivTeivq~sN����V]^@hvi�scÆn\�V�X�`�^
��^aiv}�VMTO��TWq"^a`~^abed#f�h�Xt\e\Wi�j�^ab>TWVCXYT7s]^a^6rM\OX��OXYT�TWVCXYT7[Cq~\eivTeivq�sQznX_ a����q~b�^a`~^abed2s]^c^6rM^6r

Ítl



m��N��V]^cbe^Oiv\�s]q�hvivs,Æ@��q�b�^a`�^cbed2��ivhBr]faXYb.r*�Q��V]^Of.hBXY\W\eikjC^ab�iv\	TWV]^as:X�f.TWi�`�XtTe^6r�ik�ÙTWV]^O\W�]Z
qY`~^ab�Xth�hQTeV]^)ivsCf.q~Z#ivs]}2X�f.TWi�`�XtTeivq�s�\OTeivZJ^a\�TeV]^)��^aiv}�VMTe\_qY�>TWV]^"hvivs,ÆM\Oiv\_^6�~�CXYh�TeqJTeV]^
sM�]Z2|�^ab�qY��s]q�sM ���ivhBr]faXYb.rM\�ivs�TeV�^�f.q~sCrMivTeivq~s]\6�mÃH�Kf�q��]bW\e^2TeV�^"f.hBXY\W\eikjC^ab@iv\�Xth�\Wq#\WTeivhvh
X~f.Teiv`�XYTW^6r2ik��XYhvh*TeV]^�i�s�f.q�ZJi�s�}�hvivs,ÆM\7��beq~Z�q~TeV]^abOf�h�Xt\e\Wi�j�^abe\@XYbe^�X~f.Teiv`�XYTW^6r*�
¿+*H½�ê�½v* ð=Î_É�ÇWÉNÆ�Ä]Á_ËeÁTã=:ÕÄ�å_ÇeÉ
��V]^)��X�d�ivs���V�i�fWV�X2s]^cT��>q~bKÆ�qt�Kf.hBXY\W\eikjC^abW\�hv^6XYbWs]\@VCXY\@|�^a^as�rM^a\Gf�beiv|C^�r�ivs�\e^�f.Teivq�s
��m]�v���ò¦]�H��V]^abe^#Xtbe^)\eq~Z#^�ZJq�be^)rMiZYÙ^abW^asCf.^c\"|�^aT���^a^asgf.hBXY\W\eikjC^ab@\Wdn\WTe^aZJ\�XYsCr<s]^a�]b.XYh
s]^cT��>q~bKÆM\�V]^abW^��@ÿQivbe\eT�qY��XYhvh���^#XYbe^:rM^6Xth�ivs]}:��ivTeV�XYs���[Ùr]XtTe^2qt�KTWV]^#\WTebe^cs]}�TWV]\"qt�
s]q]rM^c\�ivs]\WTe^6X~r�qY�>TWV]^2\eTWbe^as�}�TeV�\�qY��hvi�scÆn\�� ¿ \�TWV]^abW^#XYbe^)�]\W�CXYhvhvd:Z�XYsMdJZ#q�bW^�hvivs,ÆM\
TWVCXYs)s]q]rM^a\�zMTeV]iv\�f.q���h�r)|�^OXYs)ivsCrMiBfaXtTeivq�s)qY�*hv^a\e\�L�^.�]i�|�i�hvivT�d@qY�Nf.hBXY\W\eikjC^ab�\WdM\eTe^cZ#\6zt��q~b
^.�CXtZ#[]hv^�ivs�TWV]^#faXY\W^2��V]^abW^�X:f.hBXY\W\eikjC^ab�[�beq]rM�Cf.^c\�Xts¥X~f.Teivq�s�TeV�XYT@\eivZ2�]hvTGXts]^aq~�]\ehvd
}~^as]^ab.XYTe^c\O}�qMq]rJ|C^cVCX�`Mi�q~�]b�i�s:q~s]^�f.hBXY\e\WikjC^abOXYs�r#|�X�rJ|C^cVCX�`Mi�q~�]b�ivs�Xts]q�TWV]^ab6�¿ hv\Wq�ivs"f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZJ\	��^�q�s�h�d@VCX�`~^>��[Ùr]XtTe^a\7qY�Ùf.q~s]s]^6f�Teivq�s]\7|C^aT���^a^asJs]q]rM^a\
qt�±��V�i�fWV�XtT#hv^6Xt\eT:q�s]^<VCXY\:|�^a^as4X�f.TWi�`�XtTe^6r��{��s!\Wq�ZJ^�s]^a�]b.XYh@s]^aT���q�bGÆÜh�^�XYbes�i�s�}
\.feV�^aZ#^a\@��^aiv}�VMTe\@XYbW^"�][*r]XtTe^6r<|C^cT��>^a^cs¥Xth�h�s]q]rM^c\6z*bW^a}nXtbGrMhv^a\W\�qt�>TeV�^aivb�|�^aivs]}:X�f.TWi� 
`�XtTe^6r�q�b�s]q~T6�
��V]^abW^#iv\@Z2�CfWV�ZJq�bW^�TeVCXtT"faXts�|C^#rMq~s]^2��ivTeVgf.hBXt\e\eikjC^cb�\edM\eTW^aZ#\)XY\�s]^cT��>q~bKÆM\6�

��T�iv\O`~^abed:��^ahvh*[Cq~\e\Wi�|�h�^�Teq#}~^as]^ab.XYTW^"X2s]^cT��>q~bKÆ:��ivTeV�X2f.hBXY\W\eikjC^ab_\edM\eTW^aZ·XtsCrJTeV]^as
TWbGXYivsÜivT"��ivTWV�X�\W[C^�f.iBXYhvim�a^6rÜs]^c�]bGXthOs]^aT���q�bGÆÜTebGXtivs]ivs]}¥Xthv}�q�bWivTeV]Z��îÃ_|n`Mivq���\ehvdg��^
Z2�]\WT>Z:XBÆ~^�\eq�ZJ^�fWVCXts]}�^a\_Teq2TWV]^"rM^.j�s]ivTeivq�s]\�qt�NjCTWs]^a\W\�qt��X2f.hBXt\e\eikjC^cbOivs#TWV]iv\OfaXY\W^��
��V]iv\�iv\)TeV]^JiBrM^6X<|C^aV�i�s�r�TeV�^#[CXt[C^ab2qt��ÄMZ#ivTWVgÀwÄ,Á:��f�Ã�ijUäÅ��<��V]^�f�q�Z2|]ivsCXtTeivq�s�qt�
f.hBXt\e\eikjC^cb�\edM\eTW^aZ#\�XYsCr)s]^c�]bGXthCs]^cT��>q~bKÆM\�iv\>X@[]bWq�ZJi�\Wivs]}�Xtbe^6X@qt�ÙbW^a\e^�XYbGfWVNz�^a\e[�^6f.iBXth�hvd
��V]^cbe^@jCs�rMivs]}"iBrM^�XYh*\eTWbe�Cf�Te�]bW^a\@��q~b>s]^c�]bGXthNs]^aT���q�bGÆ#iv\Of.q~sCf.^abWs]^6r*�

Í�\



Í�^



º »½¼�¾À¿�Á3Â �#�

� �¡ª >É¬j£ ·¦¨n�¡ª ·

��V]^)XYbe^�X)qY�>f.hBXY\W\eikjC^ab@\edM\WTe^aZJ\�i�\_\eTWi�hvhNX�`�^abWd�s�qY`�^ahNXtbe^6X�qY��be^a\W^6XYb.fWVN�O��V�i�\_Z#^6Xts]\
TWVCXYT@TeV�^abe^Ji�\@\WTeivhvh�XJhvq�T@qt�Hf.q~sM���]\Wivq�s�XY|�q��]T@Te^cbeZ#ivs]q~hvq�}�dMzM��VCXtT�^.�CX�f.TWhvd�f.hBXY\W\eikjC^ab
\Wdn\WTe^aZJ\�XYbe^:XYsCr<TeV�XYT�TWV]^abe^J\eTWi�hvh�iv\�s]q�X�fcf.^a[]TW^6r�\e^aT�qt�K|�^asCfWV]Z:XYbGÆn\�Teq�f.q�ZJ[CXYbW^
TWV]^�[�^ab���q�bWZ�XYs�f.^�qt��rMiZY*^abe^asMT>ÆMivsCrM\:qY��f�h�Xt\e\Wi�j�^ab:\edM\eTW^aZ#\:��ivTeVN����s�TeV�i�\:TWV]^a\eiv\
\Wq�Z#^_Z#^6Xts]\�Teq#f�q�Z#[�XYbe^�f.hBXt\e\e^c\�qt�>f.hBXY\e\WikjC^abO\WdM\eTe^cZ#\O��ivTWV�^�X�fWV�q�TWV]^ab_VCX�`�^�|�^a^as
\W�]}�}~^a\eTW^6r*� ¿ ��q~beZ�Xth�rM^.jCs]ivTWi�q~s�VCXY\)|�^a^as!XYTWTe^aZJ[]Te^6r@?�X:Z#^6Xts]\�TWq�f.q�ZJ[CXYbW^2TeV]^
[]b.X�f.TWiBfaXYh�f.q~Z#[]�]T.XYTWi�q~sCXYh*\WTebW^as]}�TWV]\�qt�Kf.hBXY\W\eikjC^ab@\edM\WTe^aZJ\OVCXt\�|�^a^as�[]bW^a\e^asMTW^6rgXtsCr
T���q�^.�CXYZJ[]hv^a\_��beq~Z¯TeV]^Jh�ivTW^abGXtTe�]bW^#VCX�`~^2|C^a^csgTeb.XYivs]^6r,Teq�X<f.hBXY\e\WikjC^ab)\edM\eTW^aZ�� ¿
TWV]ivbGr:[]bWq�|]hv^aZ�z]TWV]^"[�XYbeivT�d~ �[]beq~|]hv^aZ�zM��V]iBfWV�i�\_ivsM��^6Xt\eiv|]hv^@��q~bO\eivs]}~hv^. ³hBX�d~^abOf.hBXY\W\eikjC^ab
\Wdn\WTe^aZJ\6z*V�XY\@|C^c^as�[]beq~[Cq~\e^6r�Xt\�X#TW^a\eT±��q�b@Z#q~be^"f�q�Z#[�h�^��f.hBXY\W\eikjC^ab�\edM\eTW^aZ#\�zN|]��T
��XY\���q~�]sCrJTeqJ|C^�^.�]Tebe^cZ#^ahvd#V�XYbGr<XYsCr:TWV]^�\Wdn\WTe^aZJ\OTW^a\eTW^6r�ivs:TeV�i�\_TeV]^c\eiv\O��^abe^)s]q~T
Xt|]hv^OTeq2hv^6Xtbes:ivT6�

Í~Í�Ì�Í Î�×"8�8qÔQë�ÔBÕBÔ<Ó�Ô]Þ_8
ÄMTWivh�hMTWV]^OT���q@[]beq~|]hv^aZ#\�TeV�XYT�Z2d�f.hBXY\W\eikjC^ab7\edM\eTW^aZ&��XY\>Xt|]hv^>TWq�hv^6XYbWs2\eV]qY�ÜTeV�XYT�TWV]iv\
[CXtbeTWi�f��]hBXYbNhv^6Xtbes]ivs]}@\Wdn\WTe^aZ�VCXt\�}�be^�XYT�[Cq~\e\Wi�|�i�hvivTeiv^a\���c±^as]^ab.XYhvim�6XYTWi�q~s���XY\�`�^abWd"}~qMq�r�z
hv^6Xtbes]ivs]}J�KXt\�\WZ#qMq�TWV�XYsCr<ivTOiv\@\e�]\W[C^6f�Te^6r,TeVCXtT±f�h�Xt\e\Wi�j�^ab�\edM\WTe^aZJ\±Xtbe^)be^6Xt\eq~sCXY|]hvd
ivZ#Z)�]s]^_Teq:s]q~i�\W^�z*|]��T�TWV]iv\@�KXt\Os]q~T�TW^a\eTW^6r�ivs�TWV]^)^.�][C^abWivZ#^asMTe\@ivs�TWV]iv\�TWV]^a\Wi�\��)��T
��XY\Q��q~�]sCr�V]qY�>^c`�^ab�z�TWVCXYT�TWV]^�ivsMTe^abW[]be^aT.XYTWi�q~s2qY�Nf.hBXY\W\eikjC^ab�\WdM\eTe^cZ#\�iv\��~�]ivTe^OrMik��f.�]hvT��
��V]^�sM�]Z2|�^abNqt�Cbe�]hv^a\7s]^6f.^a\W\GXtbed2Teq_\eq~h�`~^KXtsMd�bW^6XYhviv\eTWiBf�[]bWq�|]hv^aZ$iv\	TWqMqOhBXYbW}�^�Teq�Xthvh�qY�
��q~bKX)\WTeb.XYiv}�VMT���q�be��XYb.r#XtsCr:f.q�ZJ[]be^aV�^as]\eiv`~^�ivsMTe^cbe[]bW^aTGXtTeivq�sN�
��V]^�ivZ#[�h�^cZ#^asMTe^�rO\WdM\eTe^cZ���XY\�XYhv\eqH��q��]s�r�TWq"f.q�s�jCbeZ$\eq�ZJ^>qt�ÙTWV]^�TeV�^aq�bW^aTeiBfaXth�hvd

rM^cbeiv`�^6r���q~beZ2�]hBXt\6�*��V]^c\e^@�>^cbe^�TWV]^@q�s]^a\OXt|Cq~�]T�TeV�^�\WTe^6X~rMd#\WTGXtTe^�\WTebe^cs]}�TWV�XYsCr�TeV]^
q~s]^�XY|�q���T2TeV]^�\eT.XYbeTWivs]}gsM�]Z2|�^ab2qY����ivhBr]faXtbGrM\��4��V]^�q~TeV]^ab���q�bWZ2�]hBXY\)TeVCXtT#��^abe^
[]bW^a\e^csnTW^6r<i�sJTeV]iv\�TWV]^a\eiv\_\eTeivhvh*VCX�`~^OTeq2|�^�TW^a\eTW^6r*�
Ý�hBXY\W\eikjC^abQ\edM\eTW^aZ#\NXtbe^>Xth�\Wq�\e�]\W[C^�f.Te^6r)TWq�|C^7`�^abWd�Z2��feV@XBÆMivs@Teq�s]^a��bGXYhMs]^cT��>q~bKÆM\6�¿ ZJ^aTeV]q]rJTeq#f�q�sM`�^abWT�X2f.hBXY\e\WikjC^abO\WdM\eTe^cZyi�sMTWq#X)s]^aT���q�bKÆ:��XY\�\W�]}�}~^a\eTW^6r*z*|]��TOs]q~T
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ivZ#[]hv^aZJ^asMTe^6r��*��V]iv\�Te^6fWV]s]iB�~�]^_�KXt\>�~�]ivTe^OrMiZY*^abe^asMT7��beq~Z�q�TeV�^ab�Z#^cTeV]q]rM\�TWq"f.q~sn`~^abeT
f.hBXY\W\eikjC^ab@\Wdn\WTe^aZJ\OivsMTeq2s]^c�]bGXth	s�^aT��>q~bKÆM\@[]be^c\e^asMTe^�r�i�s:TWV]^"hvivTe^cbGXYTW�]be^~����T�rMqM^a\�Xth�\Wq
s]q~T�be^a\W�]hvT>ivs2X_s]^aT���q�bKÆ)TeV�XYT�iv\�hvi.Æ�^�XYsMd}ÆMs]qY��s)s]^a�]b.XYh�s]^aT���q�bGÆÙz~|]�]T7i�T7�KXt\	ZJq�\WTehvd
ivsMTe^asCr�^6r�XY\�X)Z#^cTeV]q]r)Teq2\W[C^c^6r:�][:TeV�^�^���^�f.�]Teivq~s�qt��f.hBXt\e\eikjC^cbO\edM\WTe^aZJ\6����T�\eV�q��]hBr
|�^K�~�]ivTe^7[Cq~\e\eiv|]hv^�z�V]qY��^a`~^ab6zYTWqOfWVCXYs]}~^>TWV]^�hv^6Xtbes]ivs]}�ZJ^aTeV]q]r_qY��TeV]^>f�h�Xt\e\Wi�j�^ab�\edM\eTW^aZ
\eq2TWVCXYT�ivT�iv\�Z2�CfWV2Z#q~be^_h�i.Æ~^�X)s]^a��bGXYhQs]^aT���q�bGÆÙ�
Í~Í�Ì�- Î�Ïz×²ë�ÕEÞ�Ø 8

ÄMq~Z#^�[]bWq�|]hv^aZJ\	��^abW^�^csCf.q���snTW^abe^�r#ivsJTeV]^_be^a\W^6XYb.feV:[�^ab���q�beZJ^6r���q~b>TWV]iv\�TeV]^c\eiv\6��ÃOs�^
qY��TeV]^a\W^�z*TWV]^�r�i���f��]hvT�i�sMTW^abe[]bW^aTGXtTeivq�s�qY��TeV]^�hv^6XtbesMT�f�h�Xt\e\Wi�j�^ab@\edM\eTW^aZ#\@VCXt\�XYhvbW^6X�rMd
|�^a^as)Z#^asMTeivq~s]^6r*�É[Hq��]sCrM^cbe\eT.XYsCr�XY|]hv^�rM^.�³Xt�]hvT� �V]iv^abGXtbGfWV]iv^a\N��^abW^���q~�]sCr@XYs�r�fWVCXtivs]ivs]}
qY�NbW�]hv^a\��KXt\KXth�\Wq�s]q~T���q���sCr*�Q��V]^OhBX�fGÆ)qY�N�]s�rM^abe\WTGXtsCr]XY|�i�hvivT�d)qY�	rM^.��XY�]hvT� �V]iv^ab.XYbGfWV]iv^a\
faXts�[]bWq�|CXt|]hvd:|C^)^.�][]hBXYivs]^6r|nd:TWV]^�r�i]Y*^abW^asCf.^a\)TeV�XYTO^���iv\WT�|�^aT���^a^asgX�VCXYsCrn �f.q]rM^�r
q�[�TeivZ�Xthn\Wq�hv�]TWi�q~s2Teq"X�[]bWq�|]hv^aZÇâ���V�i�fWVJ�]\e�CXthvh�d�i�\�`�^cbed2\e^cs]\eivTeiv`~^OTeq�\eZ�XthvhCfWVCXYs]}~^a\G�
XYs�r�TeV�^#q�[�TeivZ�Xth	\Wq�hv�]TWi�q~s���q���sCr�|MdgX:}�^as�^aTeiBf:XYhv}�q~beivTeV�ZÉâ���V�i�fWV�iv\)^.�][C^6f�Te^6rÜTWq
VCX�`~^�ZJq�bW^�rMiv\eTWbeiv|]�]TW^6r�XtsCr2TWVn��\Ohv^a\e\���sCrM^abW\eTGXtsCr]Xt|]hv^"f.q�ZJ[]�]T.XYTeivq~sC�a�¿ s]q�TWV]^abN[�beq�|�h�^cZ�iv\NTWV]^�\WTebeq~s]}�r�^a[C^csCrM^asCf�d�qY�]TeV�^>[�^ab���q�beZ:XYsCf�^	q~s@TeV]^�\WTGXtbeTeivs]}
[CXtbGXYZJ^aTe^cbe\6�)��V]^#r�i]Y*^abW^asCf.^Ji�s�[�^ab���q~beZ:XYsCf.^)|�^aT��>^c^as�TeV]^2\WZ�Xth�hQ\edM\eTW^aZ°XYsCr<TeV�^
hBXYbW}�^:\edM\eTW^aZxh�^�XYbes�i�s�}�TWV]^:Z2�]\eV]bWqMq�Z2 �TGXt\KÆ�ivs�\e^6f.TWivq�s�i]�v�Ji�\)ivhvh���\eTeb.XYTWi�`~^2ivsgTeV�i�\
be^c\e[�^6f.T6����V]^_q�s]hvd"r�i]Y*^abW^asCf.^@��XY\�TeV]^_\eim�a^_qY�*TeV]^_[Cq~[]�]hBXYTWi�q~s"qt��f�h�Xt\e\Wi�j�^abe\�hv^6XYbWs]ivs]}
TeV�^�TGXt\KÆ*�
��V]^cbe^OXYbW^OXYhv\eq_Z#q~be^�\W�]|]Tehv^OrM^c[C^as�rM^asCf.iv^a\�q~s"TWV]^�\eTGXtbeTWi�s�}Y �[CXYb.XYZ#^cTe^abW\6� ¿ \>Xth�\Wq

Z#^csnTWivq�s]^6ri�s<\e^6f.TWivq�s i]�v�@TWV]^"sM�]Z2|�^ab_qY�>��ivhBr]faXtbGrM\@ivs�TeV�^2be^a\W�]hvTeivs]}#\WdM\eTe^cZ#\�rM^. 
[�^asCrM^6r)q~s�TeV�^�`�XYhv�]^Q��q�bBA ç

ùDCFE
zYTWV]^>hvik��^aT.X��N�*��T�iv\N\W�]\e[�^6f.TW^6r2TWVCXYTQTeV]^a\W^�\e�]|�Tehv^Kr�^a[C^csM 

rM^as�f.iv^a\�q�s@TWV]^>\WTGXtbeTeivs]}t ³[�XYbGXtZ#^aTW^abe\NfcXYs�}~be^6XtTehvd@i�s�LC�]^asCf�^>TWV]^�hv^6XYbWs]ivs]}Y efaXt[CXY|]ivhvivTeiv^a\
qY��TWV]^"f.hBXY\W\eikjC^ab_\edM\eTW^aZ�� ¿ hv\eq2TeV�^�\eim�a^�qt�	TWV]^�Z#^c\e\GXt}�^a\�z]TWV]^�Z#^c\e\GXt}�^. �hviv\eT�XYsCrJTeV�^
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