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¨FÏCÇM¨*¯F±I¨*Ì>¯F­m°�Ç�º«¨FÏC©¿±bÊÍ­¦¬Ñ±1³¦¹1¾Æ±1Î·³W±È®1­¦¶�­¦±1¹O³W®�¨�º«©¿¾¦¨*º«ÊÖ±I­Ö¬V³¦¯F¨¦ÀX×3ª½³�®1­¦¶�­¦±�µÔ±1Î}¨Q©«ª·¬K­¦®�°Q³W±1©¿­mª½³W¶�­mË}±
±1Î}¨O¨*ª�»C©¿®1­mª·°�¨*ª�±�¯F­m°�¨*¹2¬K®�­m°Ø³Q¹I¨�±+­¦¬�Ù7Ë·³¦º«©«±1³W±1©¿»¦¨OÌ·©ÓÚ�¨�®1¨*ª�±+¹I¨*ª·¹I­¦®(¹�³¦ª·Ì�©«ª�±1Î}¨È°�³¦©«ªXÇZ³W®1±�­¦¬�±1³¦¹I¾C¹
¹1°�³¦ºjº�¹�Ë}¶�¹I¨�±1¹X­¦¬w±1Î}¨*¹I¨½¹I¨*ª�¹I­¦®�¹XÇ·®1­t»7©jÌ}¨Í¨*ª}­mË}´mÎÛ©«ª}¬V­¦®�°�³W±1©«­mª@±I­@¯F­¦®1®1¨*¯F±1º¿Ê�Ç·®1¨*Ì·©j¯F±�±1Î}¨Æ¨FÚ�¨*¯F±�­¦¬
³¦¯F±1©¿­mª·¹*À&Ü2¨�ÇZ³W®1±1©«ª}´�¬V®1­m°#±1Î�©«¹&³¦ª·³¦º¿ÊC¹1©«¹*µmÉT¨+­mË}±1º«©«ª}¨�³Èª}¨�ÉÝ®1¨*©jª}¬K­¦®(¯F¨*°�¨*ª�±Tº¿¨*³W®�ª·©«ª·´i¹1Ê7¹I±I¨*°0±1Î·³W±�³¦©j°�¹
³W±QÌ}¨�±I¨�®(°�©«ª·©«ª·´�®�¨*º¿¨�»<³¦ª�±�¹1Ë}¶Z¹I¨�±1¹�­¦¬�¹I¨*ª·¹I­¦®(¹�¬K­¦®�¨*³¦¯�ÎÝ³¦¯F±1©«­mªÝ³¦ª·Ì]ÉÑ¨�Ç·®�¨*¹I¨*ª�±�³¦ªÝ³¦º¿´¦­¦®�©¿±1Î·°Þ±1Î·³W±
Ç�³W®1±1©j³¦º«º¿ÊÆ©«°�Ç�º«¨*°�¨*ª�±1¹È±1Î·©«¹�ª}¨�É ®1¨*©«ª}¬V­¦®�¯F¨*°�¨*ª�±�º¿¨*³W®(ª·©«ª}´l³W®(¯�Î·©¿±I¨*¯F±1Ë·®1¨¦ÀÆ§�¨*¹1Ë·º«±1¹O­¦¬�±1Î}¨X³WÇ·Ç�ºj©«¯�³W±1©¿­mª
­¦¬w±1Î}¨½³¦º¿´¦­¦®�©¿±1Î�°ß±I­à±1Î}¨ÆÇ·®1­¦¶Zº¿¨*°ß­¦¬wº«¨*³W®�ª·©«ª}´>±I­àÉá³¦º¿¾�É+©¿±1Îâ³à¹1©ÓÏâº¿¨�´¦´¦¨*ÌÛ®1­¦¶�­¦±�³W®1¨ÕÇ·®1¨*¹I¨*ª�±I¨*Ì
³¦ª·Ì>¯F­m°�Ç�³W®1¨*ÌhÉ+©¿±1ÎÕ³lÉÑ¨*º«º&¾Cª}­tÉ+ªÕ®�¨*©«ª}¬V­¦®�¯F¨*°�¨*ª�±�º¿¨*³W®�ª�©«ª}´�³¦º¿´¦­¦®�©«±1Î·°äã[å2æ�²v¨*³W®�ª·©«ª·´�ç�¹1Î}­tÉ+©«ª}´l±1Î}¨
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§�¨*©jª}¬K­¦®(¯F¨*°�¨*ª�±Â²�¨*³W®�ª�©«ª}´@ã^§2²Ôç�ëíìWî�©«¹�³hÇ·®1­m°Q©«¹1©«ª}´Æ³WÇ·Ç�®1­m³¦¯�Î@±I­>³¦¯(Î·©¿¨�»¦¨�±1Î}¨Ö¯F­mª�±I®1­mº2­¦¬O¯F­m°�Ç�º¿¨FÏ
®1­¦¶�­¦±1¹w©«ªÕÌ}ÊCª·³¦°�©j¯�¨*ª�»C©¿®1­mª�°�¨*ª�±1¹*Àlï+­tÉT¨�»¦¨�®�µ�±1Î}¨Â³¦Ì·³WÇ·±1³W±1©¿­mª>­¦¬
¨FÏ}©«¹I±I¨*ª�±w§2²�³¦º«´¦­¦®�©¿±1Î·°�¹�¹I­�±1Î·³W±
±1Î}¨�ÊÂ¯�³¦ª�¶�¨i³WÇ·Ç�º«©«¨*ÌQ±I­�®1­¦¶�­¦±1©«¯�¹á©«¹Ñª}­¦±á¬K®�¨�¨�­¦¬vÇ·®1­¦¶�º¿¨*°Q¹�À�×yªÂ±1Î·©«¹TÇ�³WÇ�¨�®*µC©«ª·¹I±I¨*³¦ÌÂ­¦¬vÌ·¨�Ç�³W®1±1©«ª}´w¬V®1­m°
³¦ª�ÊQ¨FÏ}©«¹I±I¨*ª�±
®1¨*©«ª}¬V­¦®�¯F¨*°�¨*ª�±
º¿¨*³W®�ª·©«ª·´�³¦º¿´¦­¦®�©«±1Î·°|µCÉT¨�³¦ª·³¦º«Ê�ð�¨�±1Î}¨�§2²ÆÇ�³W®�³¦Ì·©«´m°ñÌ·¨�Ç�³W®1±1©«ª}´w¬V®1­m°ñ±1Î}¨
¹IÇ�¨*¯�©«³¦ºv¬K¨*³W±1Ë}®�¨*¹2­¦¬!®�­¦¶M­¦±1©j¯O±1³¦¹I¾C¹i³¦ª·ÌlÉÑ¨wÇ·®1­¦Ç�­m¹I¨È³Âª}¨�Éò§+²ó¹IÊC¹I±I¨*°ô¶�³¦¹I¨*ÌÖ­mªl±1Î}¨�¯�Î�³W®�³¦¯F±I¨�®�©«¹I±1©j¯�¹
­¦¬�®1­¦¶�­¦±
Ç�¨�®�¯F¨�Ç·±1©¿­mª|³¦ª·Ì�­mª|±1Î}¨O¨FÏCÇ�¨*¯F±I¨*Ì�¯F­m°�Ç�º¿¨FÏ}©¿±bÊ�­¦¬�±1³¦¹I¾C¹�®1­¦¶�­¦±1¹�³W®�¨Èº«©¿¾¦¨*º¿Ê�±I­�¬^³¦¯F¨¦À
¼â©¿±1Î·©«ª�±1Î}¨O§+²½¬K®�³¦°�¨�ÉT­¦®1¾Mµ}±1Î}¨Oº¿¨*³W®(ª}¨�®
°�Ë·¹1±�¹1Ë}®1»¦¨�Ê�±1Î}¨i®1¨�ÉÑ³W®(Ì�Ì}¨�®�©¿»¦¨*ÌÂ¬V®1­m° ±1Î}¨�¨FÏC¨*¯�Ë}±1©¿­mªX­¦¬

³¦¯F±1©¿­mª·¹*À�õ�Î}¨*¹I¨O¹�Ë}®1»¦¨�ÊC¹
³W®1¨ÈË·¹I¨*ÌX±I­Q¨FÏ7¨*¯�Ë}±I¨�±1Î}¨O³¦¯F±1©¿­mª·¹�¬K®1­m°ØÉ+Î·©«¯(Î|°�­¦®1¨�®1¨�Éá³W®�Ì�©«¹á¨FÏCÇ�¨*¯F±I¨*Ì,À&×3ª
±1Î}¨È¯�³¦¹1¨O­¦¬!³�®1­¦¶�­¦±�µ·±1Î}¨�®1¨�Éá³W®�Ì|Ç·®�¨*Ì·©«¯F±1©¿­mª·¹
°wË·¹I±
¶�¨�¶�³¦¹1¨*Ì|­mª�©¿±1¹�¹1¨*ª·¹I­¦®�®1¨*³¦Ì�©«ª}´m¹FöFÀ
×y¬!±1Î}¨�®�­¦¶M­¦±�Ç�³�Ê7¹i³W±I±I¨*ª�±1©¿­mªÍ±I­|³¦º«º�©«±1¹2¹I¨*ª�¹I­¦®�¹�µM±1Î}¨*ªÍ©¿±i¯�³¦ª�©jª�±1Î}¨�­¦®1ÊÖÇ·®1¨*Ì·©j¯F±+±1Î}¨w¨FÚM¨*¯F±1¹i­¦¬T³¦ª�Ê

³¦¯F±1©¿­mª½³¦¹È¯F­¦®1®1¨*¯F±1º¿Ê�³¦¹�Ç�­m¹1¹1©¿¶�º«¨¦ÀÈ÷áË}±i±1Î}¨�Ë·¹I¨�­¦¬á³¦º«ºÔ±1Î}¨�¹I¨*ª·¹I­¦®�®�¨*³¦Ì·©«ª}´m¹�±I­|Ç·®1¨*Ì�©«¯F±i±1Î}¨�®1¨�ÉÑ³W®(ÌÆ©«¹
­mª·º¿ÊÂª}¨*¯F¨*¹1¹1³W®�Ê�¬V­¦®
±1Î}¨O°�­m¹I±�¯F­m°�Ç�º¿¨FÏ�Ç�®1­¦¶�º¿¨*°�¹*ÀÔ×3ªX´¦¨*ª}¨�®�³¦º[µ·³�®1¨*Ì·Ë·¯F¨*Ì|¹1Ë·¶�¹I¨�±á­¦¬�¹I¨*ª�¹I­¦®�¹áÇ·®1­t»7©jÌ}¨*¹
¹1ËCøÂ¯�©¿¨*ª�±i©«ª}¬V­¦®�°�³W±1©«­mªl±I­�¯F­¦®1®�¨*¯F±1º¿ÊÖ³¦ª�±1©«¯�©¿Ç�³W±I¨�±1Î}¨�®1¨*¹�Ë·º¿±1¹�­¦¬T³Â´m©¿»¦¨*ªÍ³¦¯F±1©¿­mª,Àwù�³*ÊC©«ª}´|³W±I±I¨*ª�±1©«­mªÆ±I­
³¦º«ºZ¹I¨*ª·¹I­¦®�¹T©«°�Ç�ºj©¿¨*¹!±I­ÈÇZ³*ÊQ³W±I±I¨*ª�±1©¿­mªÂ±I­�°�³¦ª�Ê�ª}­mª�®1¨*º¿¨�»W³¦ª�±Ñ¹1©¿´mª·³¦ºj¹&±1Î·³W±Ñ¯�³¦ª�¶�¨+¯F­mª�¹1©«Ì}¨�®1¨*Ì�³¦¹Tª·­m©«¹I¨
±1Î·³W±+¹�º¿­�É+¹�±1Î}¨Oº¿¨*³W®�ª·©jª}´�Ç·®1­C¯F¨*¹1¹
±I­�±1Î}¨ÈÇM­m©jª�±á­¦¬!°�³W¾C©«ª}´�©¿±�©«°�Ç�®�³¦¯F±1©«¯�³¦ºúÀ
Ð!Ï}©«¹I±I¨*ª�±È§2²@³¦º¿´¦­¦®(©¿±1Î·°�¹O³¦¹�¹1Ë·°�¨�±1Î�³W±È±1Î}¨�±I¨*³¦¯�Î}¨�®�Ç·®1­t»7©jÌ}¨*¹O³�Éá³*ÊÆ±I­Ö¨FÏ7±I®(³¦¯F±�±1Î}¨�®1¨*º¿¨�»W³¦ª�±�©«ªCæ

¬V­¦®�°�³W±1©¿­mª>±I­ÍÇ·®1¨*Ì·©j¯F±�±1Î}¨Â¨FÚ�¨*¯F±�­¦¬2³¦¯F±1©¿­mª·¹*À½ï+­tÉT¨�»¦¨�®*µÑ©«ª>®1¨*³¦ºÑ®1­¦¶�­¦±1©«¯Â³WÇ·Ç�º«©«¯�³W±1©«­mª·¹�µÔ±1Î}¨|³ÖÇ�®�©¿­¦®�©
¾Cª}­�É+º«¨*Ì}´¦¨�­¦¬�É+Î·©j¯�Î�³W®1¨�±1Î}¨�®1¨*º¿¨�»W³¦ª�±�¹I¨*ª·¹1­¦®�¹�¬K­¦®O³¦¯(Î·©¿¨�»C©«ª}´X³�±1³¦¹1¾�©«¹iª}­¦±�Ë·¹�Ë·³¦ºúÀ�û}­¦®�±1Î·©«¹�®1¨*³¦¹1­mª,µ
©«ª½°Q³¦ª�ÊÆ®1­¦¶�­¦±1©«¯�Ç·®1­¦¶�º¿¨*°Q¹�µv¨FÏ}©«¹I±I¨*ª�±�§2²@³¦º¿´¦­¦®(©¿±1Î·°�¹�³W®1¨�³WÇ·ÇZº«©¿¨*ÌÆË·¹1©jª}´�³¦º«º�¹1¨*ª·¹I­¦®�¹�³¦¯�¯F¨�Ç·±1©«ª}´Ö±1Î}¨
¯F­m°�Ç�ºj©«¯�³W±1©¿­mª·¹áÌ}¨�®�©«»¦¨*ÌX¬K®1­m° ±1Î�³W±
¶�Ë}±
³*»¦­m©«Ì�©«ª}´�°�­CÌ·©ÓÒZ¯�³W±1©¿­mª�¹T©«ªX±1Î·¨i³¦º«´¦­¦®�©¿±1Î·°�¹á³¦ª·Ì|³¦ºj¹I­�³*»¦­m©«Ì�©«ª}´
±1Î}¨�Ç�®1­¦¶�º¿¨*°ü­¦¬�Ì}¨�±I¨�®�°�©jª·©«ª}´�±1Î}¨�®1¨*º«¨�»<³¦ª�±Q¹1Ë}¶Z¹I¨�±1¹�­¦¬�¹I¨*ª·¹I­¦®�¹�¬K­¦®�¨*³¦¯(Î@³¦¯F±1©«­mª,Àà¼Æ¨lÇ�®1­¦Ç�­m¹I¨X±1Î}¨
³¦º¿±I¨�®�ª�³W±1©¿»¦¨l³WÇ·Ç·®�­m³¦¯�ÎÝ¯F­mª�¹1©«¹I±1©«ª·´Í©jª]¯F­mª}¬K®�­mª�±1©«ª·´Æ±1Î}¨�Ç·®1­¦¶Zº¿¨*°ý­¦¬�ÒZª·Ì·©«ª·´Ö±1Î}¨l®1¨*º¿¨�»W³¦ª�±Q¹�Ë}¶�¹I¨�±1¹�­¦¬
¹I¨*ª·¹1­¦®�¹&±I­w³*»¦­m©«ÌÂ±1Î}¨+©jª·¯F­mª�»¦¨*ª�©¿¨*ª·¯F¨*¹T­¦¬,ÉT­¦®1¾C©«ª}´�É2©¿±1ÎQ³¦º«º·±1Î}¨2¹I¨*ª�¹I­¦®�®1¨*³¦Ì�©«ª}´m¹�À�¼Æ¨�¶M¨*ºj©¿¨�»¦¨
±1Î·³W±Ñ±1Î·©«¹
©«¹2³Q°�­¦®1¨w³¦Ì}¨*Ù7Ë·³W±I¨�³WÇ·Ç�®1­m³¦¯�Î�©«ª�®�­¦¶M­¦±1©j¯�¹+¹1©«ª�¯F¨O±1Î}¨È®�¨*º¿¨�»<³¦ª�±2¹�Ë}¶�¹I¨�±1¹+­¦¬�¹1¨*ª·¹I­¦®�¹�³W®1¨�ºj©¿¾¦¨*º¿ÊÂ±I­�Î·³�»¦¨
¹1°�³¦ºjº�¯�³W®�Ì�©«ª·³¦º«©¿±bÊ|¯F­m°�Ç�³W®1¨*ÌÍÉ+©«±1Îl±1Î}¨w±I­¦±1³¦º!³¦°�­mË·ª�±i­¦¬�¹I¨*ª·¹1­¦®�­¦¬T±1Î}¨w®1­¦¶�­¦±�³¦ª·ÌÍ¹I­}µ�ÉÑ­¦®1¾C©«ª}´ÂÉ+©¿±1Î
³¦º«ºM¹I¨*ª·¹I­¦®(¹T©«°�Ç�º«©¿¨*¹�±I­wÌ}¨*³¦ºMÉ+©«±1Î�³wº¿­¦±Ñ­¦¬vª}­m©«¹I¨i³¦ª·ÌQÒZª·Ì·©jª}´O±1Î}¨�ãVÉT¨�³¦¹1¹�Ë·°�¨i¹1°�³¦º«ºKç!®1¨*º¿¨�»W³¦ª�±á¹1Ë}¶Z¹I¨�±1¹
°�³�ÊÂ¶�¨Oª}­¦±�¹1­QÌ·©Óø�¯�Ë�º¿±Ñ³¦ª�Ì|­mª·¯F¨È©«Ì·¨*ª�±1©ÓÒZ¨*Ì,µC±1Î}¨Oº¿¨*³W®�ª·©jª}´�É+©«º«ºM¶�¨�¬V³¦¹1±I¨�®*À
þ ª�ÊÈ³�»<³¦©jº«³W¶�º¿¨T¾7ª}­tÉ+º¿¨*Ì}´¦¨á³W¶�­mË}±ÔÉ+Î·©«¯(Î�³W®1¨Ñ±1Î}¨á®1¨*º¿¨�»W³¦ª�±Ô¹1Ë·¶�¹I¨�±1¹�­¦¬�¹I¨*ª·¹I­¦®(¹�¬V­¦®�¨*³¦¯�Î�³¦¯F±1©¿­mª�¹1Î·­mË·º«Ì

¶�¨�Ë·¹I¨*ÌÆ¶ZË}±i±1Î}¨�±I¨*³¦¯�Î·¨�®w©«¹O­mª·º¿ÊÖºj©¿¾¦¨*º¿Ê�±I­�¶�¨�³W¶�º¿¨�±I­l©«Ì·¨*ª�±1©¿¬VÊl±1Î·­m¹I¨Q¹1Ë}¶Z¹I¨�±1¹O©«ªÆ¹1©j°�Ç�º¿¨�¯�³¦¹I¨*¹�³¦ª·Ì
¹I­}µCÉÑ¨iÎ�³*»¦¨i±I­�³¦¹1¹1©¿´mª�±1Î·©«¹T±1³¦¹I¾Q±I­�³¦ªX³¦Ë}±I­m°�³W±1©j¯2Ç�®1­7¯F¨*¹�¹�ÀTÿ�¶7»7©¿­mË�¹1º¿Ê¦µ�³�¶·®�Ë·±I¨2¬V­¦®�¯F¨�³WÇ·Ç·®1­�ÏC©j°�³W±1©¿­mª
¯F­mª·¹1©j¹I±1©«ª}´�©«¹Ñ±I¨*¹I±1©«ª}´�³¦º«ºM±1Î}¨iÇ�­m¹1¹1©«¶�º¿¨+¹1Ë·¶�¹I¨�±1¹Ñ­¦¬Ô¹1¨*ª·¹I­¦®�¹á©«¹áª}­¦±
³w´¦­�­CÌ|©«Ì}¨*³|ãV±1Î}¨�®�¨i³W®�¨�±I­�­�°�³¦ª�ÊQ­¦¬
±1Î}¨*°���ç(Àá¸C©«ª·¯F¨�ÉT¨�³¦¹1¹�Ë·°�¨i±1Î·³W±á±1Î}¨i®1¨*º¿¨�»W³¦ª�±
¹1Ë·¶�¹I¨�±1¹á­¦¬�¹1¨*ª·¹I­¦®�¹áÎ·³�»¦¨O¹1°�³¦º«º�¯�³W®�Ì·©jª·³¦º«©¿±bÊ¦µ�ÉÑ¨iÇ·®1­¦Ç�­m¹I¨�������
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Subset g of the current sensor readingsS(g)

4.- r

Subset g of the current sensor readingsS’(g)

α )(r+   V(S’))γ

j
Max[Q(S’,j)]

α is a learning rate.

V(S’)=

where

is a discount parameter.γ

Inicialization:

Teacher defined inputs:

- Reinforcement Signal

- A collection of subsets of sensors (G)

Algorithm:

Do forever:

2.- a Action to be executed

- Set of Actions (A)

1.- For each g in G

For each subset of sensors g, readings of this group of sensors S(g) and action a

Reinforcement generated by the execution of a.

3.- Execute the action and wait until its conclusion.

5.- For each g in G

6.- Update q(g,S(g),a) and error(g,S(g),a)

a is choosen according to Q(S,j) for the sensor readings S and j in A where

Q(S,j)=q(g,S(g),j)

for g in G with error(g,S(g),j)<=error(g’,S(g’),j) (g’ also in G)

For each g in G

α

α

q(g,S(g),a) q(g,S(g),a)+(1-

error(g,S(g),a)+(1- αerror(g,S(g),a) )  q(g,S(g),a)-(r+   V(S’))γ

q(g,S(g),a)=0   and   error(g,S(g),a)=0
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4.- r

α)(r+   V(s’))γ

j
Max[Q(s’,j)]

Q(s,a)=0 for each state s and action a

- Set  of States (S)

- Set of Actions (A)

- Reinforcement Signal

Current State

Action to be executed

1.- s

2.- a

a is choosen according the information stored in

New State5.- s’

6.- Update Q(s,a)

Q(s,j) for each j in A

αQ(s,a) Q(s,a)+(1-

where

3.- Execute the action and wait until its conclusion.

α

is a discount parameter.

is a learning rate.

γ

Algorithm:

Inicialization:

Teacher defined inputs:

Do forever:

V(s’)=

Reinforcement generated by the execution of a
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