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d=eKfhg1i*jXk�eml7nof&pmirqtsunovxwyirg7lXire*z&nts{g7l}|=v~w�irg7lh��n�q�jXi�nts�g7l�e*nov~wyzhq�g���qtw�k�kowAnts{g7l�f}� jhlq�g��bg�n6wZj&n�g�lhg7k�e��bg7l�k�wAqtit�&p�|9j&n�s~v{s~��w�l7n�jXl�k�s{lXs{kNjhk�fhe2i*s�q�imjhsunt�opmv{emi�n�q�g7lXs{�Gjhem�ernNl&e�f&e�kow�lhfXw�l7n�zbwZ�3jhl&e���q�wZlXf&eoer�&zbe*q�nts{��e�f&em�3k�g7l�n�wZ��em�m����v�j1nts{v~s{��e�jhl�k�s~irq�g��irg7l�n�q��7v{emj&q'�bg7l.kowZq�it�hp`kow�s~�}zCjhs{����w�l7nm|Azbg7����p�fXw�l�n+w�����e*��f&e�k�p�k�g7s�q�e`f&e`zhq�g���qtw�k�k�eern�f&eNf&g7lXl&p*em��zbg7j&q��*��w�j1n�g�q�s{��e*q��os~k�zXv{pmk�e�l�n�e*q�fhem��w�v���g�q�sunt�Xk�em��f � wZzXzhq�eml7nts{���twZ��em�l&g7l�n�q�s�¡&sxw�j1��¢£wZzhzXq�eml7n�s~���twZ��e�zbwAq=q�emlh¤xg�q�i*emk�eml7n�|7q�pm��e�w�j1�of&e�l&e�j&q�g7l&em�m|1w�v{��g�q�sunt�hk�em���pml&prnts~�Gj&e��¥�m�*��¦��
§4¨ª©6¨ª«+¬�­*®t¯_¨�°
± w�²X��jhq�e´³µk�g7l�n�q�eMv¶� w���zbemi�n���p�l&p*qtw�v¥f&eW·)¸�¹�º�»T»�|�n�w�lhfhs~���Gj&eµv{em�K²h�7j&q�em�#¼�ern2½q�e*zhq�p���eml7n�eml�nofhem�N¡&jhem��f&e�f&e�����jX�Nern�f&e�f&em����g7jh��fhjRq�g��bg�n��´¾1em��imwZqtw�i�n�p*q�s~��nts~�Gj&e��zhq�s~lhi*s{zCw�v�em����g7l�n�¿
• À s~irq�g��Áirg7l�n�q��7v{emj&q_Â)��d�³�Ã�Ä`¼�Å7¼ZÆ&Çm|Zw*¡�e�i`ÅZÈ7ÉRg&i�n�ernt�'f&e`k�p�k�g7s�q�e)fhe)zhq�g���qtw�kok�e¢¶��g7sun9½7¼�Ê�Å�Ã.s{lh��n�q�jhi�nts{g�lX�t¦�|1½�Ë�Ã�Å¥g&i�n�ernt��f&e�k�pmk�g7s�q�e�f&e�f&g7lhlhp*em��ernÌjhlhe�Í�Í�Â)�ÎªÏ À fhe�³mÆG¼AÈ�g&i�n�ernt�m|himw�fhemlhirp.eml7n�q�e�³�Å À �&�.ern�È7Æ À �&���
• Ð emj1��f&q�s�¡�e*qt�3f&e�k�g�n�e�j&q���Ñ�d=È�È1¼�ÊZÒÔÓ�|'zbg7jhq3s~��g7v{e*qNvÕ��w�v~s{k�e�l�n�wAnts�g7l�fhj�zhq�g��irem����emjhqªern�iremv~v�e�f&e��ªfhemj1�Kk�g�n�emj&qt�*�
• Ö jXwAn�q�eyimwZz&n�emj&qt��f&eyv~jhk�s{×*q�e2q�p*�7v~wZ�Cv�em�6�M�bw���e2fhe#zC�&g�n�gZ�Áq�pm��s~��n�w�lhi*em�*�Ød=em�imwZz&n�emjhq��ª��g7l7n�f&pmk�g�l7n�wZ�Xv�e��*�
• Ö jXwAn�q�e�imwZz&n�emjhq��`f&eªzhq�g��hs{kosun�p�fhs{�7sun�w�j1�}|G���Cw���eªfhe�i*s�q�imjhsun���¾1ÈGÊ1³mÄÌ|�e�j1��w�jX����sf&pmk�g7l�n�wZ�Xv�e��*�
• Ð emj1��k�g�n�emj&qt�NÄCw�jXv{�XwZ�be*qo�#fhpmk3jXvunts{zXv{s~imwAnts�g7lRs~l�n�e*��q�p*e7�µd=em��k�g�n�emj&qt�3��g7l�n��w�lh��f&g7j1n�e.vxwNzCwZq�nts{e.v~w�zXv~jh��it�&×mq�e.fhj�k�g7l7n�wA��e7�
Ù£ÚrÛrÛtÜCÝTÞrÞ�ß�ßZà7á�â�ãtä�åmærä�ÚZã�ÜCáÕätæ�âAÞ�ç*æ�ßtè�é�ætê�çmëtÞtì�è�Þ�ímì�îAã�ä�ì�í�ærätÞ�ï�ð�ñ*òtñ�óbá{Ü*ç*ôõ�ÚrÛrÛtÜCÝTÞrÞ�ß�ßZà7á�â�ãtä�åmærä�ÚZã�ÜCáÕätæ�âAÞ�ç*æ�ßtè�é�ætê�çmëtÞtì�è�Þ�ímì�îAã�ä�ì�í�ærätÞròmà�ömòtït÷Xá{Ü*ç*ô

³

http://ww1.microchip.com/downloads/en/DeviceDoc/39626b.pdf
http://ww1.microchip.com/downloads/en/DeviceDoc/21423F.pdf
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To µP
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http://www.datasheetcatalog.com/datasheets_pdf/I/S/4/7/IS471F.shtml
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GND

5V

µController

Ä+s{�7j&q�eNÊ1¿ ± e.imwZzhn�e�j&q�f&e�v{jXk�s{×*q�e�¡hjKfhe.fhem����jh�

Ä,s��7j&q�e3Ã&¿ ± e.i�wAzhn�emj&q�fhe.v{jXk�s{×*q�e�¡hjKfhe.fhem����g7jh�

Å



Ä+s{�7j&q�e3Ë1¿ ± e.imwZzhn�e�j&q�fhe.v{jXk�s�×mq�e¥emlKzXvxw�ire���j&q�v{e.q�g��bg�n

Ä+s{�7j&q�eo³mÆh¿ ± e.imwZzhn�e�j&q�f&e.zhq�g��hs{kosun�p�¡hjKfhe.f&e�����jX�

• d=g7k�k�e�l�n�irg7lXl&emi�n�e*q�ern�j1nts{v~s{��e*q���¾GÈ1Ê1³mÄ
Ò	Ó�Ó�Ô�Õ�Ö�Ö�×�×�×HØFÙ	Ú	Û=Ü.Û	Ý�Ú	Û=Þ.Û�Ó.ß�à4Ý?Ø�à�Û=á Ö�â=Ü�ã=ä�å4Ö�æ4ç4è6ã=ä�å�Ø�Ý�Ò	Ó�á é

± em�'²X�7j&q�em��³mÆ�ernÌ³�³�k�g7l7n�q�eml�n,v�e=k�g1fXjhv{e)n�e*q�kos{lhp�� ± em�_irg7lXl&emi�n�emjhq��_��g7l7n+s{fheml�nts~�Gj&e���¥ire�j1��fhem��imwZz&n�emjhq��`fhe�v{jXk�s�×mq�e�¿+fhe��Cw�j1n�e�l��Cw��Hê�ë Ð |4ì)í�î�|7kos{irq�gZ� irg7l�n�q��7v�e�j&qm� v~w²h�7j&q�eo³A¼Nk�g7l�n�q�e.v�e�imwZzhn�e�j&qªemlKzXvxwZi*e.��j&q�v{e¥q�g��bg�nm�
ïFðòñ#ó¤ôzõ=ö´÷�ø ô#ö
Í`l�vÕ��wZ�X��e�lhireªfheªkowAn�p*q�s{emv1zbe*q�k�ern�n�w�l�n`f&eªi*g�lXirer¡7g7s�q`f&e��)i*s{q�i*jhs�nt�)s~k�zhq�s~k�pm�m|�vÕ��w���zbemi�n²XlXw�vCf&e�v~w�imwZq�n�e�irg7l�n�emlCw�l�nÌv{e�kos{irq�g�� irg7l�n�q��7v�e�j&q�ernÌv{em�=f&q�s�¡�e*qt��fhem�=k�g�n�emj&q���f&pmzbemlhf¤xg�q�n�emk�e�l�n�f&e�¡7g7�9ntw�v{eml�nt�ªemlKpmv�e�i�n�q�g7lhs{�1j&e�|C��g7jhfXj&q�e¥e*n��hq�s{i*g7v~wZ��e��m�*�

Ê

http://www.kronosrobotics.com/an150/DAN150.shtml


Ä,s��7j&q�eo³�³�¿ ± e.imwZzhn�e�j&q�f&e.zhq�g��hs{kosun�p�¡hjKfhe.f&e�����g7jX�

Ä+s{�7j&q�eo³A¼1¿ ± e.imwZzhn�e�j&q�f&e.zhq�g��hs{kosun�p¥emlKzXvxw�ire���j&q�v{e.q�g��bg�n
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5V

9V

100µF

10µF

Coding
Wheel

TC4427A 18F2620 30pF

16MHz
Proxy sensor inputs

Light sensor inputs

Ä,s{�7j&q�eo³m½&¿ ± e.imwZ�Xv�ùZ��e

Ò�²Xl��Gj � g7l�ú3¡7g7sun�emlhi*g�q�e��Gj&emv~�Gjhe�i��&g7��e�|�û���w�shit�hg7s{��shf&e�k�g7l7n�q�e*q`lhg�l�zCw��`vxw�i�wZq�n�e9²&�lXw�v�e7|Akow�s{�'vÕ� prn�wZzbe)zXq�pmirpmfheml�n�e�|��9��w*¡7g�s{q'v{e`k�g7l�n�wZ��e)��j&q'jXl&e)zCv~wAnts{lhe`f � e*�1zbp*q�s~k�e�l�n�wAnts�g7l}�d�� e���n�ire.�1jhs}e���n�q�e*zhq�p���eml7n�p.��jhq�v~wN²X�7j&q�e�³�½&�± w.q�g7jhe�i*g1fhemjh��e�zbemq�k�ern9fhe�it�&g7s~��s{qm|hw*¡�w�l�nªf}��wZv~v{jXk�e*q9v{e�q�g��bg�nm|&�Gjhemvb��e*qtw���g7l�irg7kN�zbg�q�n�emk�eml7n2¿�k�g7j&¡�emk�eml�n�q�pWüXer�1eR¢¶��e2fXs�q�s{��e*qo¡7e*q���v~wµ��g7j&q�ireyf&e2v~jhk�s{×*q�eyv~wMzXv~jh�s{k�zbg�q�ntw�l7n�eA¦�|1g7jKwAzXzhq�eml7nts{���twZ��e�� ± e���¡�w�v{emj&q��9j&nts{v{em�9f&e¥ire*n�n�e�q�g7j&e�ernªv{emj&q���s��7lXs�²Xi�w��nts�g7lK��g7l�n�eml�irg7k�k�eml�n�w�s�q�em����vÕ� s~l�n�p*q�s{emj&q�fhjKzhq�g���qtw�k�k�e± w�²h�7jhq�e�³*È�k�g�l7n�q�e3irg7k�k�eml�n�v{eNk�s{i*q�g��Áirg7l�n�q��7v{emj&q�em��n�irg7lhl&e�i�n�p�wZj#zhq�g���qtw�k�k�wA�n�emj&q�¢Õ��d Ð ¼�¦��
ý «?þ&ÿ�«+¬���� ¬¥¯+®Dþ�©
± e¥zXq�g���qtw�k�k�e.s{k�zCv�pmk�eml�n�e�f&emj1�Kirg7k�zbg�q�n�emk�eml7nt�Ìe*n�f&em�9¡�wZq�sxw�l�n�em�.¿
• d=g7k�zbg�q�n�emk�e�l�n)q�pWüher�&e¥¿+��eªfhs�q�s{��e*q,¡7e*q��)vxw���g7jhq�ireªf&eªv{jhkos�×mq�eªv~w�zXv~jh�)s{l7n�emlh��e��
• Ò�zhzhq�emlXf&q�e3����e.f&pmzXv~w�iremqªzbg7jhqªq�pmirg7v�n�e*q�jhlhe¥q�p�irg7k�zbemlX��e.kowA�hs{kow�v{e��

± em�3fhemj1��irg7k�zbg�q�n�e�k�eml7nt����g7l7nNirg&f&p��N�#vÕ� s~l�n�p*q�s{emj&q�f}� jhl�k��mk�e�zhq�g���qtw�kok�e��#Í`l²&�hw�l7n�vxwµ¡�w�v�emjhqKfhe�vxw�q�g7j&eMirg&f&emjX��e´¢£w*¡�w�l�n#f}��w�v{v~jhk�emqKv�e�q�g��bg�nr¦�|�g7l�i��&g7s{��sun#v�ezhq�g���qtw�k�k�e¥�Gjhs'��e*qtwNer�&pmi*j&n�p7�
���	� ïFð�

���������������������
Ï l�it�&g7s~��s�n�ire2irg7k�zbg�q�n�e�k�eml7n�v�g�q����1j&e2v~wMq�g7j&e#i*g1fhemjh��e�¡�wZj&n�ÈX� ± e#zhq�g���qtw�k�k�e��eKirg7l�n�eml7n�e6fheKv{s{q�eKv�e���imwZz&n�emj&q���f&eKv~jhk�s{×*q�em�m|`f&eKv{em�Ng�q�f&g7lXl&e*q�fCw�lh��v�eK��emlh��f&em�

Ë
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GROUND

5V

RE3

Ä+s{�7j&q�eo³*ÈX¿ ± e.imwZ�Cv%ùZ��e�¡7e*q���v�e.zhq�g���qtw�k�k�wAn�e�j&q

s{l7n�e�lh��s�n�pm�9f&e¥v~jhk�s{×*q�e¥f&p�irq�g7s{����w�l7n�e��*|1ern�f&e¥i��&g7s{��s�qªv{e¥k�g7j1¡7emk�eml7nªirg�q�q�em��zbg7lhfXw�l7n����e.k�g7j1¡7g�s{q�fXw�lh��v~w�fhs{q�emi�nts�g7l�f}� g��6zhq�g�¡&s{eml�n�v�e.zXv~jh��f&e�v{jhkos�×*q�e7�
 l&e.zbernts�n�e�k�g&fhs{²XimwAnts{g�l#fhj�zhq�g���qtw�k�k�e.zbe*q�k�e*n�n�qtw�s�n�f&e.n�emlhs{q�irg7k�z&n�e�f&em�ªg��C��n�wA�i*v�e��*�m�*�
! ��� �����#"����
± ��w�v���g�q�s�n��Xk�e.s{k�zXv�p�k�eml7n�p¥em��n�jXl Ö � ± e�wZq�lXs{l&�o��s{k�zXv�eo¿
• dÌ�Xw��Gjhe9¤xg7s~�,�1j&e9v{eÌq�g��bg�n)q�e%$rg7s�n,zCv{jh�)fhe9v{jXk�s�×mq�eªw�j�n�g�n�w�v1�Gj ��wZj3n�emk�zX�+zXq�pmirpr�f&eml7n�|Xs{v}q�e%$*g�s�n�jhl&e.q�pmi*g7k�zbemlX��e��
• d=ern�n�e9q�pmi*g7k�zbemlh��e9em��n=w�j&�7k�eml7n�p*eª��shv�e�k�g7j&¡�emk�eml�n�i��&g7s{��s&em��n`eml�v{s{��lhe�f&q�g7s�n�e¢¶kowZq�it�he.wm¡�w�l7n�g7jKk�wAqtit�&e�wZq�qts�×*q�e7|hk�wZs~�9zCw��9n�g7j&q�l&emq�¦��
• ± eNzXq�g���qtw�k�k�e�k�p�k�g�q�s~��eNern¥em��nts{k�e�v~w�q�pmirg7k�zPemlh��e��1j}� s{v,q�emi*er¡1qtw6��emv{g7ly��g7lit�&g7s��Kf&e�k�g7j1¡7emk�e�l�n��
• ��v}i��&g7s{��sunN¢Õ��g7j1¡7eml�nr¦Ìv¶� w�irn�s{g7lK�1jhs kowA�hs{kos{��e.irern�n�e¥em��zbp*qtw�lhi*e.f&e.�GwZs~l}�

Â+g�jhq)zCv{jh�`f � s~lh¤xg�q�k�wAnts�g7lh�`��j&q�vÕ��wZzhzXq�eml�nts~����wZ��eªzCwZq)q�emlh¤xg�q�i*emk�eml7n�|7irg7lh��jhvun�e*��v{e�v{s�¡1q�ef&eN¾1j1n�n�g7l6ern#&ªwZq�n�g('�|hern�zXv~jh�ªzCwZq�nts{imjhv{s{×*q�emk�eml�n�vxw�f&e���irq�s{z&nts{g�l�f&e�vÕ��w�v���g�q�s�nt�hk�e%)��
• ± e���g7j&q�ire�fhjKzhq�g���qtw�k�k�e¥em��n�s~i*s)¿
é	ß+*�Ò	Ó-,/./,�å(04Ú#Û21/35426LØ�à �

7�ÚrÛrÛtÜCÝTÞrÞ�ß�ß�ßCáÕä�ëGá98�êré�ómì�åtÛ*ê&á¶ä�êrÞ;:rë<8rÛ�Ûmæ�è�Þ�ó�æræ>=mÞ�ì�ó�æræ>=mÞ�ÛtÚmì+?�ó�æ�æ@=Xá{Ú*Û�âAéA�ÚrÛrÛtÜCÝTÞrÞ�ß�ß�ßCáÕä�ëGá98�êré�ómì�åtÛ*ê&á¶ä�êrÞ;:rë<8rÛ�Ûmæ�è�Þ�ó�æræ>=mÞ�ì�ó�æræ>=mÞ�è�æ�ç*ì�ñ;B&á{ÚrÛtâAé
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• ± e���irq�s{z&n�f&e�v{s~l�C�wZ��eo¿ ãED�F�,/./,�åeØ"é�Ù	Ú �
• ± e.²Xit�hs{e*q��&er�6q�pm��jhv�ntw�l7n�f&e.vxw�i*g�k�zXs~v~wAnts�g7lM¿ Ú#Û=Þ.Û�Ó/6.ß+*�Ò	Ó5,/./,�åeØVÒHG21

¾1s'¡�g7jh��j1nts~v{s{��e*��v�eN²Xi��hs�emq��&er�2fhs{q�emirn�e�k�eml7n¥w*¡7emiNjhl�w�j1n�q�e3zhq�g���qtw�k�k�w�n�emjhq��Gj&e�v�e
À Â ± Ò�& ��d Ð ¼1|X¤Tw�s�n�em���Áv{e�k�g7s}�tw*¡�g7s{qJI
KML	N�OQP�L�N/RMS�T
UVUWN�XHYEZH[Q\+N/RMREL	\]OQN_^�\+TH`
\+Z-UVUWN
 l6prn�wAn�fhj��nú&��n�×mk�e�|&n�emv �Gj}� s~v}em��n�zPe*q@$*jKzCwZq�v�e.q�g��bg�n�zbg7j&q�qtw�suna�rn�q�e�f&pmirqtsun�zCwZq�¿
• ± � g�q�f&q�e3f&em��i�wAzhn�emj&q���f&e3v~jhkos�×*q�e6¢Te�l�¤ g7lhi�nts�g7l2f&e3v¶� s~l�n�emlX��s�n�pNv{jhkos{l&e�jh��eN�Gj&eit�Xw�imjhl�f}� emj1��wNq�e%$*jheA¦��
• ± � prn�wAn�fhem�ªi�wAzhn�emj&q���f&e¥zXq�g��&s~k�s�n�p7�

��v�úRw�¼AÈ2g�q�fhq�em�3zbg7����s��Cv�em�Nzbg7j&q�v{em�N�1jXwAn�q�e6imwZzhn�e�j&q��Nfhe6v{jXk�s�×mq�e�|)ernK³�Å2irg7l&²h�7j&�qtwAnts�g7lh��zbg7����s{�Xv�e���zbg7j&qov�e���imwZzhn�e�j&q���f&e�zhq�g��&s~k�s�n�p���d=emvx�yfhg7lhl&e
24 × 16 = 384prn�wAn���fXscbbp*q�e�l�nt�*��d=g7k�k�eos~vNúµwKÈyw�i�nts�g7lh��fXscbbp*q�eml�n�em�m|+iremvx��irg7lhfhjXsun��Ki*g7lh��s~f&p*q�emq³=íZ½�Å6i*g7j&zXv{em�o¢Õprn�wAn�|�wZirn�s{g7lC¦���d=g�kok�e�g7lµw��Pem��g7s~l}|_fXw�lh�.v�e���¡�e*qt��s{g�lX�ed�¸gfihkjmlHnif�fhjvÕ��wZzhzhq�eml�nts{����wZ��e�zCwZq�q�emlh¤xg�q�i*emk�eml7n�| f&e���n�g&ioC�e*q.v�e���¡�w�v{emj&q��.f&e�irem��³=í�½�Å�irg7j&zCv�em�m| s~vl&g7jh��¤Tw�jhfhqtw�sun

1536 × 4 = 6144
g1irn�e*nt��zbg7j&q�k�pmk�g�qts{��emq�i*em��l&g7k��Xq�em��q�pmemv{�m��d�� em��n��j&zbpmq�s�e�j&q.��vxw�imwZzbwZimsun�p�f&e�vxw�k�pmk�g7s{q�eNf&e�fhg�lXl&p*em�¥fhjyk�s~irq�g��Áirg7l7n�q���v{emj&q�|be*n��Xs{emlw�j1�Áf&em����jX�ªf&e�ire��Gj&e�vÕ� g7lKzbemj1n���n�g1ioC�e*q�fXw�lh�ªv¶� Í`Í�Â Î�Ï À �¾1s�vÕ� g7lµlheozbemj&n3zCw�����n�g&i@C�e*q3fCwZlX��v¶� Í�Í�Â ÎªÏ À i*e��Gjhe�v{eoq�g��bg�n�w#wZzhzhq�s~�*|,s{v�l&g7jX�em��n�s{k�zbg7����s{�Xv{e�f}� em���twWú�emq�fhe�irg7k�zhq�emlhf&q�e�ire��1j}� s{v�wZzhzXq�s{�m|�ern�w�jh����sªf&eKq�e*zhq�emlhf&q�evÕ��wZzhzhq�eml�nts{����wZ��e���vÕ� emlhfhq�g7sun�g��Ks~v vÕ��w*¡�w�sun�v~w�s{����p3��v¶� pmzXs{��g1fhe¥zhq�p�irpmf&e�l�n��Ò�i�wZjX��eof&e�ire�zhq�g��Xv{×mk�eofhe�zXvxwZi*eok�p�k�g7s�q�e7|'l&g7jX�.wm¡�g7lh����s~k�zXv~s�²Xpov~wKf&e���irq�s{z&nts{g�lf}� jhl6p*ntwAn�¿

• Ï lK�7wZq�fhe.v¶� g�q�fhq�e.��jhq�v�e��ªimwZzhn�e�j&q���f&e.v~jhk�s{×*q�e��
• Ï lJlhe#irg7lh��e*q�¡7e#�1j&e#fhemj1�´�bg1g7v�p*e�lh�o�1jhs�s{lXfhs{�1j&e*q�g�l7n��*� s~v�úJwMjhlJg��X��n�w�i*v{ef&er¡�w�l�n�ern;pAg7jKjhlKg��X��n�w�i*v{e.f&emq�q�s�×mq�e��

Ï l#��e.qtw�k�×�l&e�fhg7lhi3��jhl�n�g�n�w�v'f&eNË�Å�p*ntwAnt�*|b��g7sun¥½�ÃZÈ�irg7j&zXv{em�3¢Õprn�wAn�|�w�i�nts�g7lC¦�� À w�s{�vÕ� em��zCw�ire¥g&i*imj&zbp.zCwZq�½�ÃZÈ�üXgZn�n�w�l�nt�ªem��n�f&eo³=í�Ã�Å3g&i�n�ernt�m�d�� e���nÌirg7l�¡7emlXwZ�Xv{e�zbg7j&q=ire��1jhsCirg7lXire*q�l&e�v~w.k�p�k�g7s�q�e�f&e�f&g7lhl&pmem�*|1kow�s~��i�� em��n=emlhirg�q�en�q�g�zKzbg7j&q�v¶� Í`Í�Â ÎªÏ À IÏ l.f&pmi*s~f&e=w�v�g�q��'f&e`lhe`��n�g&i@C�e*q'�1j&e�f&em�_wZzhzhq�g��hs{k�w�nts{g7lh� f&e��
Q(s, a)

fXw�lh�'vÕ� Í�Í�Â Î�Ï À¿Airg7k�k�e�i*em�'¡�w�v{emj&q��+��g7l�n_n�g7j�û�g7j&q��_i*g7k�zhq�s~��em�_eml�n�q�eÌÆ�ern9³*Æ3¢¶ire�v~�ªe���n,f-q3w�j1�¥¡�w�v{emj&q��f&em�)q�p�irg7k�zbemlX��em�)pmv{pmk�eml7n�w�s�q�em�)e*n=�¥v~w�¡�w�v�emjhq�f&eª�Gw�k�k�w�¦�|�g7l�k3jXvunts�zCv{s{e
Q(s, a)

zbwAqÅ�í�í�½&�pí1|7g7l�emlo�GwAqtf&e�v~w¥zbwAq�n�s{e�eml7n�s{×*q�e7|7ern=g7lo��n�g&i@C�e�vÕ� eml�nts{e*q�g��&n�e�lGj#¢¶��jhq�fhemj1���Xs�nt�t¦fXw�lh��vÕ� Í�Í`Â Î�Ï À � ± e¥zhq�g1irp�f&p.s~l�¡7e*q���e.zbe*q�k�e*n�f&e.q�emi*g�lX��n�q�jhs{q�e.jhl\ühg�n�n�w�l�n��Ï l#l}� g&i*i*j&zPe.zCv{jh��w�v{g�q����1j&e�Ê�Å�Ã�g&i�n�ernt��f&e3v¶� Í`Í�Â ÎªÏ À |Ci*e��1jhs'lhg7jh��v~w�s~����e�k���k�ef&eÌvxwªzCv~w�ireÌzbg7j&q+pr¡7eml�ntj&e�v{v{emk�eml7n)��n�g&ioC�e*q,f}��w�j1n�q�e��+s{lh¤ g�q�kowAnts�g7lh�+��j&q,v�e9f&p*q�g7jhv{emk�e�l�nf&e�vÕ��wZzhzhq�e�l�nts{����wZ��eo¢T¡�w�v�emjhq�f&e3w�v{zX�Xw&|&¡�w�v�emjhq�f&e.e*zC��s{v{g7lM�*�m�t¦��
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��v�q�em��n�e)emlXirg�q�e`�1j&emv~�Gj&e�� q�p*�7v~wZ��em�_�Ìembbemi�ntjhe*q zbg7j&q_w�k�pmv{s{g�q�e*q'vxw9�GjXw�v~sun�p�f&e�vÕ��wZzhzhq�e�l�nts{����wZ��e¿�¡�w�v{emj&q�ernof&pmi*q�g7s{���tw�lhire�f&e�w�v�zC�Xw&|)¡�w�v�e�j&q�e*nof&pmirq�g7s~���tw�lhireKfhe6e*zX��s{v{g7l}| ¡�wZv{emj&qof&e�GwZkokow&�m�*���v�q�em��n�e)�beAwZjXirg7j&z�f&e`zXv~w�i*e`fXw�lX� vxw9k�pmk�g7s{q�e`f&e`zhq�g���qtw�k�k�e�¢¶v�e`zhq�g���qtw�k�k�e)f&g7l7n'g7lzCwZq�v�e�s~i*sXl}� eml�g&i*i*j&zPe��Gj&e.³mÆ/vwI�¦�� Ï l�zbemj1n=��p*q�s{emjh��emk�e�l�n`e�l�¡&s~��wZ��e*q�v¶� s{k�zCv~w�l�n�wAnts{g�lf&e.zhq�g���qtw�k�k�e��9l&g7l6n�q�su¡hs~w�j1��¿)q�p���e�w�j1�Kf&e�l&emj&q�g7lhem�*|Cw�v{��g�q�s�nt�hk�e��9��pml&p*n�s~�Gjhem�*�m�*�d=g7l�n�w�i�n�e*�r�Ák�g7sPzbg7j&qªzCv{jh��f}� s~lh¤xg7�m|Xf&prn�emi�nts{g7lKfhe¥�Xj&�7�.�*�m�*¿`f&emirg7kosun�e(x�wAnEx�v{s�ü � ¤xq
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