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3¥ikZ¤;\5:Z^nkX4Z@3¥XoZQ|ÙX¥W¬;zÔÕi U ¦�14XoÑ0j@XoWY5QX48:87Xop^ikZ@Z^XÃ875:X4j»â>j@Z^X U 1434i¤¦>/¯X¥Z@WYXoikj�â�j@Z^Xo/@j^Z@5<;\5:i¤Z °

T ikj U ;"69Z[;+Ï t i¤8:¦�69Z�X©; ³ ikZ@Ü¥5:ñ µ Ý¥Þ / ¢ · ¦>ikZ[; U X4Z[;zÑaj@X`8¶|Ó69Z@5:¦Â698Sp@5:WY/¯ikWYX]p^X]3¥69/G69345<;\1¥W�pQ|Ó69/^/ U X4Z[;\5:W®¹
W\69nkX�876M;"X4Z¤;+Ïà3k|ÙX4W®;Ö¹�âI¹ p@5 U X�Ñaj×|Ù5:8 U 1¥69875:WÖX�j@Z�69/@/ U X4Z¤;"5:WÖW\69n¤X�Ñaj^5�69j U 695<;o8:5:X¥j*5:Z^p@14/2X4Z@pG69¦>¦�X4Z¤;op@X�;\ikj0;"X
U 1434ik¦�/¯X4Z^WÖX¤ÏMX4Z U j@/m;\j U X�64¨aX43�8:X4WS;\¾^14i U 5:X¥WÚl¯14¾G64¨m5:i U 5:W®;\X¥WÚp@X«.0ña5:Z^Z@X U¥°9s Xx; ­ /¯X�pQ|Ó69/^/ U X¥Z¤;\5:WYW\69nkX�ÔOi U ¦>X$¹
U 695<;´p^X4W´69WYWYia34576M;\57ikZ@W�/2X U ¦�X©;Ö;"6kZ¤;´p@Xu/ U 14p^5 U X�8:X4W´34ikZ@WY14Ñ0j@X4Z^34X4W�p@X4W´693$;\5:ikZ@W¥Ï9¦>Û4¦�X�WY5034X¥W�34ikZ^WÖ1¥Ñaj@X4Z^34X
Z^X�WYikZ¤;«69WYWYia345:14X¥W�â�69j@34j^Z@X U 1¥34ik¦>/2X4Z@WYX�i¤jÂ/^j@Z@5<;"5:ikZ °0s X4W�/ U 14p@5:3©;"5:ikZ@W�ÔÕi U ¦>X4Z[;�j^ZÂ¦>i0p@¿48:Xzp@X�876`p ­ ¹
ZG69¦>5:Ñ0j@Xop^X4W(5:Z¤;\X U 693©;\5:i¤Z@W(X4Z[; U Xo8¶|Ó69Z^5:¦�698×X©;zWYikZ�X4Z¤¨@5 U ikZ^Z@X4¦�X4Z¤; °

w Z@XoX©Àm/21 U 5:X4Z^34XÃp^X t ik8:¦Â69Z�X©; ³ ikZ@Ü¥5:ñÂWYj U 8¶|Ó69/@/ U X4Z[;\5:WYWY6knkXÃ876I;\X4Z¤;�X4W®;(5:8:8:j^W®; U 14Xo/^6 U 876�Ø^nkj U X�Ý °0/m°
s X©;Ö;\X`X$Àm/¯1 U 5:X4Z@3¥X`ÔO695<;e5:Z[;\X U ¨[X¥Z@5 U j^Z U 6M;epG69Z@Wzj@Z¼8769l ­mU 57Z¤;\¾@X�p@ikZ¤;Ã8:X4Wzl@8:ia34W � X©; Á WYikZ¤;Ã69¦�i¥¨m5:l@87X4W
/G6 U 8¶|ÙX©Àm/21 U 5:¦�X4Z¤;"6M;"X4j U4° .05C69j@34j^Z�l@8:ia3`ZQ|ÙX4W®;e/ U 14WYX4Z¤;+ÏG8:X]/^8:j@W�3¥ikj U ;e¦>i ­ X4Z�/¯ikj U 8:X U 6M;ep@X U X®ª¬i¤5:Z@p U X
876gZ@i¤j UÖU 5á;\j U X>â�/^6 U ;\5 U p^X�WYikZ�/¯ik57Z¤;op^X�p@1¥/^6 U ;]X4W®;opQ|ÓX4¦>/ U j@Z¤;"X U 8:X�3"¾@X4¦�5:Z#Ý�X4Z�8:5:nkZ@X�p U ik5<;\X ° .05�8:X
l^8:ia3 � X4W®;�/ U 14WYX4Z¤;+ÏS8:X�3"¾^X4¦>5:Z�8:X�/^8:j@W`34ikj U ;]¨[X U W`876�Z^ikj UÖU 5<;\j U X�X4W®;�8:X�3©¾@X4¦�5:Z)§ ° .05V8:XÂl@8:ia3 Á X4W®;
/ U 14WYX4Z¤;MÏ0698:i U W�8:Xe3"¾^X4¦>5:Zg8:Xe/^8:j@W�34ikj U ;«X4W®;u8:Xe3"¾^X4¦>5:Z /m°0� jgp^14l@jm;up@Xe8¶|ÙX©À@/¯1 U 5:X¥Z@34XkÏm69j^34j@Zgl@8:i03zZ×|ÙX4W®;
/2ikWY5<;\5:ikZ^Z@1oX©;zikZ�8�695:WYWÖX]8:X U 6M;�875:l U Xop^XoWYX4W(¦>i¤j0¨[X4¦�X4Z¤;\W�p^69Z@W(8:X]8769l ­mU 5:Z¤;\¾^X °

.0j@5<¨¤69Z¤;ej@Z@X]/ U ia341¥p@j U X]p@X]34i¤Z@p@5<;"5:ikZ@Z^X4¦>X4Z[;zik/¯1 U 69Z¤;+ÏG8:X U 6M;e69/^/ U X4Z^p�â U XÖª¬ik5:Z@p U X]876�Z@ikj UÖU 5<;\j U X
/G6 U 8:X�3"¾@X¥¦>5:Z�Ý ° .mX48:ikZÂ8:X4W´;\¾^14i U 5:X¥Wxl¯1¥¾^64¨m5:i U 5:W¬;"X4W¥Ï¤8¶|Ó69Z^5:¦�698 U X¥Z@ÔÕi U 34X(8:X�3"¾@X4¦�5:Z�Ý(/@87j@WxÑaj@X�8:X(3"¾^X4¦>5:Z
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Nourriture

Position de départ

Chemin 3Chemin 2

Bloc B

Bloc A

C
he

m
in

 1

 *¡p¢*£*¤9Ë¿ø�¥�ÝjÒ­¬e±�ª­´D§�·o²Ç§Ø¯
§`°M»7½0¹�«V·)²Ç»V·�²­§�ª­·�«V·Mµj½�Ö «­¬9¬�ªh§�·�µp´�¾Ç¾�«R¨
§Ù½�«7µ�§�·Mµ�Ë

§0ÏkX©;x34X48:j@5<¹�345@/@8:j@W´Ñ0j@Xu87Xu3©¾@X4¦�5:Z /m°¤q ¿4W´Ñ0j@X«8:Xu3¥ik¦>/2i U ;\X4¦�X4Z¤;x34ikZ@WY5:W®;"69Z[;xâÃj0;"5:8:5:WYX U 8:X«3"¾@X4¦�5:ZÐÝ(6Ã1©;\1
69/@/ U 5:W¥Ï08¶|ÙX©À@/¯1 U 5:¦�X4Z¤;©6M;\X4j U ikl@W®; U j@Xe34X48:j^5<¹ 345àX4Zg/2ikWY5<;\5:ikZ@ZG69Z¤;«87Xel@8:ia3 ��°@s ikZ@ÔÕi U ¦>14¦�X4Z¤;(69jmÀ�;\¾^14i U 5:X¥W
p@j*3¥ikZ@p@5á;\5:ikZ@Z^X4¦>X4Z[;oik/21 U 69Z¤;MÏ28:X U 6I; U X®ª¬ik57Z¤;op^14WYi U ¦�6k5:We876gZ@ikj UÖU 5<;\j U X�X4Z�X4¦>/ U j@Z¤;©69Z¤;o8:X�3"¾^X4¦>57Z�§0Ï
p@X4jmÀm5:¿4¦�X�p^69Z^W>8¶|Ùi U p U X»p@X4W U X4Z^ÔÕi U 34X¥¦>X4Z[;\W�6kWÖWYia3¥5:14WÂ69j0À�3"¾@X4¦�5:Z@W °VT 6 U 34ikZ[; U XkÏ´87i U WYÑaj@X�8:X»3"¾@X¥¦>5:Z
p@5 U X43©;`Ý]X4W®;�l^8:iaÑaj@1]X4Z Á 69j�8:5:X4j»p@X � Ï^8:X U 6I;�3"¾@i¤5:WÖ5á;�p@5 U X43©;\X4¦�X4Z¤;z8:Xo3"¾^X4¦>57Z /m°GT ikj U ;"69Z[;+Ï@WYX487ikZ�8:X¥W
;\¾^14i U 5:X4W�l214¾G64¨m5:i U 5:W®;\X¥W4Ïa8:X U 6I;u69j U 695<;�p×|Ó69l¯i U pÂp�ô�X4¦>/ U j@Z[;\X U 8:Xz3"¾@X4¦�5:Zg§]X©;�34XzZQ|ÙX4W®;uÑajQ|Ó69/ U ¿4W�8¶|Ó64¨[i¤5 U
X4WYW\6 ­ 1]ÑajQ|Ù5:8S69j U 6k5<;�p,ô�X4¦�/ U j^Z¤;\X U 8:X]3"¾@X4¦�5:Z /m°

T ikj U 5:Z¤;"X U / U 1©;\X U 8:X4W U 1¥WÖj^8<;"6M;\W´p×|Ùj@Z^X�;\X48:8:X«X©À@/¯1 U 5:X4Z@34X¤Ï9ikZ>X4W®;VZ^1434X4WYW\695 U X4¦�X4Z¤;x34ikZ^p@j@5<;�âeWYj@/^/¯ikWYX U
Ñaj^XkÏC/¯ikj U X4¦�/ U j^Z¤;\X U p@5 U X43©;\X¥¦>X4Z¤;�8:X�3"¾^X4¦>5:Z / ÏS8:X U 6M;�j0;\578:5:WÖXgj@Z)¦>i0p@¿48:X�p@X�WYikZ)X4Z[¨m5 U ikZ^Z@X4¦�X4Z¤;+Ï
p@ikZ[;Â5:8«WYX»WÖX U ;Â/2ikj U p^14p@j^5 U XkÏ´W\69Z@WÂ64¨aik5 U â�X4¦>/ U j@Z[;\X U 8:X»3"¾@X4¦�5:Z�§mÏ´Ñaj^X�8:X�l^8:ia3 Á ikl^W®; U j@X�â�876
ÔÕik5:WÂ8:X»3"¾@X4¦�5:ZÒÝ»X©;�8:X�3©¾@X4¦�5:Z�§ °´� 5:Z@WY5¶ÏVp@j U 6kZ¤;ÂWYX4W�/ U X4¦�5:X U W�X4WYW\695:WÂp^69Z@W�8:X»876kl ­mU 5:Z[;\¾@XkÏVX4Z�/@8:j^W
pQ|Ó69/^/ U X¥Z@p U X(âÃX¥¦>/ U j@Z¤;\X U 8:X(3"¾@X4¦�5:Z>p^5 U X43©;�/¯i¤j U´U XÖª¬ik5:Z@p U X(876ÃZ^ikj UÖU 5<;\j U XkÏk8:X U 6M;�ÔÕi U ¦�X«j^Z>¦>i0p@¿48:X(p@X
WYikZgX4Z¤¨@5 U ikZ@Z^X4¦>X¥Z¤; ° {V|Ó69/@/ U X4Z¤;"5:WÖW\69n¤Xzp×|Ùj@ZÂ;\X482¦�iap@¿¥8:XzX¥W¬;«5:Z^p@14/2X4Z@pG69Z¤;«p@Xe876 U 143¥ik¦>/2X4Z@WYXkÏ05:82X4W®;«p@5<;
��8�6M;\X4Z¤;Ã� ° {×X U 6I;(jm;\5:8:5:WYXÃX¥Z@WYj@5<;\Xo8:Xo¦>iap^¿48:X]69/@/ U 5:W«/¯ikj U 69Z[;\5:345:/2X U 8:X¥W«34ikZ^WÖ1¥Ñaj@X4Z^34X4W«p^XÃWYX4W(693©;"5:ikZ@W °
v Z)/^6 U ;\5:34j@8:5:X U ÏCn U �934Xg69j�¦>iap^¿48:XkÏC5:8�/2X4j0;>69Z[;\5:345:/2X U Ñaj×|ÙX4¦>/ U j@Z[;\X U 8:X�3"¾^X4¦>5:Z#§�Z@X�¦>¿¥Z@X U 6¼â U 5:X4Z
698:i U W�Ñaj@X]8:Xo3"¾^X4¦>5:Z / 8:j^5Q/¯X U ¦>X©;Y; U 6�p@X U X®ª¬i¤5:Z@p U Xo876�Z^ikj UÖU 5<;\j U X °

.mX©Ä«6 U p µ Ý¥Þ�3¤Þ · / U i¤/¯ikWYXgj@Z^Xg6kj0; U XgX$Àm/¯1 U 5:X4Z@3¥X�3¥ikZ@ÔÕi U ;"69Z¤;>8¶|Ù¾ ­ /¯iI;"¾@¿4WYXgp×|Ùj@Z�;\X48u6k/@/ U X4Z¤;\5:WYW\69nkX
876M;\X¥Z¤; °àv 8:8:X�X4W®;o5:8:8:j@W®; U 14X�/^6 U 876ÂØGnkj U X�Ý ° 3 °Qq j U 69Z[;Ã876�/ U X4¦�5:¿ U X�/^6 U ;\5:X�p@X�34X©;Ö;"X�X$Àm/¯1 U 5:X4Z@3¥XkÏ2j@Z U 6M;
X4W®;«87695:WYWY1e8:5:l U Xep@XeWÖX¥W�¦�ikj0¨[X4¦�X4Z¤;\Wup^6kZ@W�j^Zg8769l ­mU 5:Z¤;\¾^XzX¥Z�ÔOi U ¦>Xep^X t p@ikZ¤;«j^Z@Xep@X4WuX©Àa; U 14¦>5<;\1¥W�X4W®;
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Nourriture

Position de départ

 *¡p¢j£*¤9ËRY�¥�ÝfÒ­¬e±�ª­´�§�·�²­§J¯
§ÙÌ�§�Éj«Vªh¯=²Ç»V·�²­§�ª­·�«V·Mµj½�Ö «­¬9¬�ª³§�·Mµp´Æ¾Ç¾�«R¨
§Ù½S«7µ�§�·�µ�Ë

/2X45:Z¤;"X�X4Z�l@8769Z^3kÏMX$;�8¶|Ó69jm; U X�X4Z�Z@ik5 U4° .0X48:ikZ�8:X¥WS;\¾@14i U 5:X4WÚl214¾^64¨@5:i U 5:W®;\X4W¥Ï969j@34j^Z�69/^/ U X4Z[;\5:WYW\69nkX�Z@X�p^X©¨ U 6k5<;
64¨aik5 U 8:5:X¥j»pG69Z@W�34X4W�3¥ikZ@p@5<;"5:ikZ@W�/^j@5:WYÑajQ|þ69j@34j^Z@X]WYikj U 34X`p@X U X4Z@ÔÕi U 34X4¦�X4Z¤;zZ×|ÙX4W®;zp@5:WY/2ikZ@5:l^8:X ° {×X U 6M;eX4W®;
X¥Z@WYj@5<;\X U X©;\5 U 1�p@j*8769l ­mU 5:Z¤;\¾@X�X©;Ã5:8ÚX4W¬;oWYikj@¦�5:WÃâÂj@Z*34ikZ@p^5<;\5:ikZ^Z@X4¦�X4Z¤;Ã34876kWÖWY5:Ñaj^X�/G6 U 876�/ U 14WYX4Z[;"6M;\5:ikZ
U 14/¯1$;\14XÂp^XÂZ^ikj UÖU 5á;\j U X�WÖj U j^Z@XÂ3¥69WYX�Z@ik5 U X ° �Ãj^69Z^p�8:X U 6M;�X4W®;�â�Z@ikjm¨[X¥69j)/¯ikWY5<;\5:i¤Z@Z@1gâ»8¶|ÓX4Z¤; U 1¥XÂp^j
876kl ­mU 5:Z[;\¾@XkÏ^5:8QWYXop^5 U 5:nkX]p@5 U X¥3©;\X4¦�X4Z¤;«¨[X U W(876>3¥69WYXoZ^ik5 U X °

T ikj U X$Àm/@8:5:Ñ0j@X U 3¥X U 1¥WÖj^8<;"6M;MÏ¯5:8CÔO69jm;oâÂZ^ikj0¨aX¥69j�69p@¦�X©;Ö; U X�Ñ0j@X�8:X U 6M;]6ÂÔÕi U ¦>1�j@Z¼¦�iap@¿487X�p@X�WYikZ
X¥Z¤¨m5 U i¤Z@Z@X4¦�X4Z¤; ° õ U �93¥X]â�3¥Xo¦�iap@¿¥8:XkÏ@5:8×X4W®;�3¥69/G69l@8:X]pQ|Ó69Z[;\5:345:/2X U 8:X¥W(34ikZ^WÖ1¥Ñaj@X4Z^34X4W(p@X]WYX4W�693©;"5:ikZ@W¥Ï@p^X
¦Â69Z@5:¿ U X�â�3"¾^ik5:WY5 U p@5 U X43©;\X¥¦>X4Z¤;e3¥X48:8:X4WzÑaj^5×87X`¦>¿4Z^X4Z¤;Ãâ�8�6�Z@ikj UÖU 5<;\j U X °2s X`¦�iap@¿¥8:X�6�1©;\1�6k/@/ U 5:Wz698:i U W
Ñ0jQ|Ù5:8xZ×| ­ 64¨k695á;�69j^34j@Z^XÂWYikj U 3¥XÂp@X U X¥Z@ÔÕi U 34X4¦>X¥Z¤;�p^6kZ@W�8:XÂ8769l ­mU 5:Z¤;"¾@X °Ús |ÙX4W®;�p^ikZ@3Âj^Z)69/@/ U X4Z¤;"5:WYWY69n¤X
876I;\X4Z¤; °@t ik8:¦Â69Z»/ U ik/2ikWYXoÑaj^Xo34X]¦>iap^¿48:XoWYik5<;z34ikZ@W®;\5<;"j@1op^Xo/ U 14p@5:3©;"5:ikZ@W(X©Àm/^8:5:345<;\X¥W]=

± °:°:° ² �Ï����à@����������àk�Dàk��ä��Í���Oñe�qà��DUH� æ�äe�â�HäÏ�pUÍ���X���DT
�q�Æ��à.�Û�â�Kæ�ä��q�Û�Dàl�q�­���Dà@���R�F����������àc���
æÓ�Ø���q�D�o�wëÂç��X���O��óÎì
ãf�Â�����<���Dàc�RU�UÙ�q�Ù���pU��o��UH��������àoãf�â�F��ä��Ø���°���X�f��ä��q�j��à^��àoU��â��àc���J�­ó©��äe�pUÓU������
�ÇóÍUR���D�Í�o�S��U�UH�����,�q������àoãØ� óÍ�����e�X�����-�â�éç��-��à#�Dà�U��â��àc���)�Çó^��ä��q�JU������°�Çó]���HU��o�qàoUV�HãJæ������������<�
�â�é��àú�Dà�UR�â��àc�H�)�Çó^��äo�q�JU������Ã�ÇóÙóH������äo���ÍUR�������o���MUÍUH�������<������àoãÃ���K�X�0UV��ãJUH�D�°�c���éç��Ï����UV�X� ó)ç��
�e�H�����°�o��à,�â���9ãÓ�q��ó��q������æÓ���9ãÛç��m�qà2�Dà�UR�â�qàc���=�­óÂ��ä��q��U������Ó�ÇóÃUR���D�Í�o���MUÃUH�������<������àcW µ t ik8:¦�69Z×Ï
Ý¥Þ ; Þ ·

s X©;Ö;"X�5:p@14X�X4W®; U X¥/ U 5:WYX�/^6 Ue³ i��à¦�69Z^Z µ Ý¥ÞkÞ / · Ñaj^5C/ U ik/2ikWYX�j@Z^X];\¾@1¥i U 5:X�p^j s ikZ¤; UÖÿ 8:X � Z¤;\5:3¥5:/^6M;\5:Ô
p^j s ik¦>/2i U ;\X4¦�X4Z¤;9³ °Ús X$;Ö;\X>;"¾@14i U 5:XÂW®;\57/@j@8:X�Ñaj@X�8¶|Ó69Z@5:¦Â698�ÔÕi U ¦�XÂ3¥ikZ@W®;"69¦�¦>X4Z[;�j^Z@XÂ/ U 14p@5:3©;"5:ikZ�p^X4W
3¥ikZ@WY14Ñaj^X4Z@34X¥W´p@X«WYX4WV693$;\5:ikZ@W °[s X4W´/ U 14p@5:3©;"5:ikZ@WVWÖikZ[;xW\69Z@W´3¥X4WYWÖX U 1©¨m5:WY14X4W´X¥Z>ÔÕikZ@3$;\5:ikZ>p@X«34X«Ñaj^5@69pm¨m5:X4Z[;
U 14X48:8:X4¦�X4Z¤; °×s X©;Y;\X�3¥ikZ@Ô U i¤Z¤;"6M;\5:i¤Z�p@X4WÃ/ U 14p@5:3$;\5:ikZ@Wo64¨[X¥3�8¶|ÙX©Àm/21 U 5:X4Z^34X�/2X U ¦�X©;]â�8¶|Ó6kZ@5:¦�6k8Úp×|Ó69¦>1¥8:5:i U X U
WYikZ�¦�iap@¿¥8:Xop@Xo8¶|ÙX4Z¤¨@5 U ikZ^Z@X4¦�X4Z¤;�X4Z�8:Xo34i UYU 5:nkX¥69Z[;�p@¿¥W«Ñaj×|Ùj@Z@Xo/ U 14p@5:3$;\5:ikZ�ZQ|ÙX¥W¬;�/G69W�¨a1 U 5áØ^1¥X ° õ U �934X`â
3¥X�¦>i0p@¿48:XkÏI5:8aX¥W¬;�3+69/^69l^8:X�p×|Ó69Z¤;"5:345:/¯X U 8:X4WÚ34ikZ^WY14Ñaj^X4Z@34X4WÚp^X�WÖX¥W�693©;\5:ikZ^W ° {×X�3¥ikZ¤; UÖÿ 8:X�p^j�34ik¦�/¯i U ;\X4¦>X¥Z¤;
X¥W¬;e6
�2X43©;"1o/G6 U 34X©;Y;\Xo3+69/^69345á;\1op×|Ó69Z¤;\5:3¥5:/^6M;\5:i¤Z�3¥ikZ@ÔÕi U ¦>14¦�X4Z¤;z6kj0ÀÐX©À@/¯1 U 5:X4Z@34X¥W«p^143 U 5<;"X4W(/@8:j^W(¾^69j0;�=

� pG69Z@WV8¶|ÙX©Àm/21 U 5:X¥Z@34X«p^X t i¤8:¦�69Z�X©; ³ ikZ^Ü45:ñ¯Ïk8¶|Ó69Z[;\5:345:/G6M;\5:ikZ�/¯X U ¦>X©;�âÃ8¶|Ó69Z@5:¦Â698@p×|Ù1©¨m5<;"X U pQ|ÙX4¦�/ U j^Z0¹
;"X U 8:X]3"¾@X¥¦>5:Z�§eª¬j@W®;\X`69/ U ¿¥W(Ñaj@Xo87Xo3"¾@X¥¦>5:Z�Ý`695<;z1©;\1]ikl@W®; U j^1oX4Z Áe°

� pG69Z@W(8¶|ÙX©À@/¯1 U 5:X4Z@34X]p@X`.mX©Ä«6 U pQÏ@X48:87Xo/2X U ¦�X©;�p@X U X®ª¬ik5:Z^p U X]p@5 U X43$;\X4¦>X¥Z¤;�876>Z@ikj UÖU 5<;\j U X °
{×6];\¾^14i U 5:Xep@X ³ i��à¦�69Z^Zg6`1$;\1zjm;\5:8:5:WY14Xz/G6 U .a;\ik8:Ü4¦Â69Z@Z µ Ý¥ÞkÞkß · /¯i¤j U 34ikZ^34X©¨[ik5 U���s .2Ïaj^Z�W ­ W®;\¿4¦�X
´�NO;�
: �#� �"2�9
�/!��TDµ���P<���< R/!���!�K	�/�;�
���/��



Ý¥� ���@?���NOLOQHC��0���d���cQRCH�@LONÆG�GR?&�oCd�f?9QÙQRCH���O�
QR��CHIKCH�@LÓC9LÛ?��B�cQHCH�cLONÆG�GH?��oC°BD?ML³CH�@L
p@X�348769WYWYX4j U W>Ñaj^5«69/^/ U X¥Z@p#p^X4W U ¿4nk8:X4W·¶K¸2¹KºB»<¼�»(¸<¹¾½B¿2¼�»0¸2¹¾ÀKÁ4ÁKÂ�¼ ° õ U �934X»â*8:X¥j U /^6 U ;\5:XÃÀIÁ4ÁKÂ�¼2Ï�34X¥W
U ¿4nk87X4W`WÖ/214345áØGX4Z¤;�8:X4W`34ikZ@WY14Ñ0j@X4Z^34X4W`pQ|Ùj@Z^XÂ693©;\5:ikZ�WYikj^W]3¥X U ;"695:Z^X4W`34ikZ@p^5<;\5:ikZ^W ° {V|ÙX4Z^WÖX¥¦�l@8:XÂp@X4W U ¿4nk8:X4W
/ U iap@j^5<;\X4Wx/G6 U 8¶|Ó69/@/ U X4Z¤;\5:WYW\69nkXz/¯X U ¦>X©;uâ]8¶|Ó69nkX¥Z¤;�pQ|þ69Z¤;\5:345:/2X U p^6kZ@WxZ×|Ù5:¦>/2i U ;\X�Ñaj^X48:8:X�WY5<;\jG6M;\5:ikZ ° õ U �934X
â>3¥X©;Ö;\X`3¥69/G69345<;\1`p×|Ó69Z¤;\5:3457/^6M;\5:ikZ×ÏG8:X`W ­ W¬;"¿4¦>X`p@X©¨@5:X4Z¤;e3¥69/G69l@8:X`p@X`p@1©;\X U ¦>5:Z^X U â�8¶|Ó64¨¤69Z@34X`876�WY14Ñaj^X4Z@34X
pQ|Ó693$;\5:ikZ@W´Ñaj@5m8:j@50/2X U ¦�X©;Ö; U 6zpQ|Ó6I;Ö;\X45:Z^p U X�WYikZ�l^j0; °9q 69Z^W�34X©;Ö;"Xx;\¾^¿4WYXkÏIZ@ikj^W�/ U ik/¯ikWYikZ^WÚp^X4W�W ­ W®;\¿4¦�X4W�p@X
348769WYWYX4j U Wz698<;\X U Z^6M;"5:ÔÕWzâ ��s . °¯q 69Z@W�8:X4Wz3"¾^69/^5<; U X4W / X©;Ã3@Ï^Z^ikj@W�/ U ik/2ikWÖi¤Z@W�p@X`Z@ikjm¨[X¥69j0À»¦>143+69Z@5:WY¦>X¥W
pQ|Ó69/^/ U X¥Z¤;\5:WYW\69nkX¼876M;\X4Z[;gX$;gp^69Z^W�8:X�3©¾^69/@5á; U X ; ÏxZ^ikj@W�¦�ikZ¤; U i¤Z@W�34ik¦�¦>X4Z[;gX©À@/@8:ik5<;"X U 8:X¼¦�iap@¿48:X¼p@X
8¶|ÙX4Z¤¨@5 U ikZ^Z@X4¦�X4Z¤;�/2ikj U p^14345:p^X U p^Xo8¶|Ó693©;"5:ikZ °

oqp
Ä rts ïqu`u�î2ûVý�í2ü\ËGËGïdv(ûÅu�ï(î î2ûVý`Æ�Ç(îàðCûVÍÎû´ýzí

y�z� �z:y |q}È�����7É���}���}�ÊË}���~I�+£4����Ì!ÍÎ�=®O�7}�£
{V|Ó69/@/ U X4Z[;\5:WYWY6knkXV/G6 U×U X4Z@ÔOi U 34X4¦�X4Z¤;Cp^6kZ@W×8:Xx3¥69p U X´5:Z^ÔÕi U ¦Â6M;\5:Ñaj^XVX4W®;C5:Z@WY/@5 U 1Vp@j]¦>i0p@¿48:XVp^X y X¥WÖ3¥i U 876

X©;eÅ�69nkZ@X U µ Ý¥Þ¤£k§ · X4Z�/@W ­ 3"¾@i¤8:iknk5:X °×s X�¦�iap@¿48:X�/@W ­ 3"¾@i¤8:iknk5:Ñaj^X U X4Z^p*34ik¦�/0;\X�p^X�8¶|Ó69/@/ U X4Z¤;"5:WÖW\69n¤X�p@X¥W
69WYWYia34576M;"5:ikZ�pG69Z@W]8:X>3¥ikZ@p^5<;\5:ikZ@Z^X4¦>X¥Z¤;`348769WYWY5:Ñaj@X °Q~ 8Vp@143 U 5<;`34ik¦�¦>X4Z¤;�X©;�âÐÑ0j@X48:8:X�¨@5<;\X4WYWYX>8:X4W]W®;\5:¦�j@8:5
34ikZ^p@5<;\5:ikZ^Z@X48:W�WÖi¤Z¤; U X4Z^ÔÕi U 3¥14W °

q 69Z@We34X�¦�iap@¿¥8:XkÏ¯j@Z@X]¨k6k8:X4j U
V (sc)

X¥W¬;]69WÖWYi0345:14X�âÂ3"¾^6kÑaj@X�W®;\5:¦�j@8:j@We34ikZ@p^5<;\5:ikZ^Z@X48
sc
°2q 69Z^Wzj^Z@X

X©Àm/21 U 5:X¥Z@34X�348769WYWY5:Ñaj@X�p^X�34ikZ@p^5<;\5:ikZ@Z^X4¦>X¥Z¤;�/^64¨m8:i¥¨@5:X4ZQÏCikZ)/ U ia34¿¥p@Xgâ�/@8:j@WY5:X4j U W�X4WYW\695:W�WYj@343¥X4WYWÖ5:ÔOW�69j
34ikj U W�p@X4WYÑaj^X48:W�876`/¯X U 3¥X4/0;\57ikZÂpQ|Ój@ZÂikj�/@8:j^WÖ57X4j U W�W®;\5:¦�j@8:5G3¥ikZ@p@5<;"5:ikZ@Z^X48:W�X4W®;u5:¦>¦>1¥p@576M;\X¥¦>X4Z¤;uWYj@5<¨m5:Xzp@X
876�/ U 1¥WÖX4Z[;"6M;\5:i¤Zgp×|Ùj@ZgW®;\57¦�j@8:j^Wu5:Z@34ikZ^p@5<;"5:ikZ@Z@X¥8 µ 34i¤¦>¦>XÃ876�/ U 14WYX4Z¤;"6M;"5:ikZgp^XeZ@i¤j UÖU 5<;"j U X ·©° {×XeW®;\5:¦�j@8:j^W
5:Z@3¥ikZ@p@5<;"5:ikZ@Z^X48VÔO695<;�i�
Â34XÂp@X U 1¥34ik¦>/2X4Z@WYX�ikj�p^X�/@j^Z@5<;\5:ikZ ° {V|Ù5:Z¤;\X4Z^WY5<;\1�p^j�W®;\5:¦�j@8:j@W`5:Z^34ikZ^p@5<;\5:ikZ^Z@X48
X4W®;�Z^iI;\14X

R(si)
°

q |Ó69/ U ¿4W>8:X�¦>iap^¿48:XÐp^X y X4WY34i U 876M¹¶Å)6knkZ@X U ÏVâ*3"¾G69Ñaj^XÐX4WYW\695¶Ï�8�6�¨k698:X¥j U 69WYWÖi034576M;\5<¨[X�p^X4W
n
W®;\5:¦�j@8:5

34ikZ^p@5<;\5:ikZ^Z@X48:W´/ U 14WYX4Z¤;\W´X4W®;V¦�5:WYX«â�ª®ikj U /G6 U 8¶|Ù14ÑajG6M;\5:ikZ>WYj@5<¨k6kZ¤;\XkÏkp@5<;\Xu14Ñ0j^6M;\57ikZ�p^X y X4WY34i U 876M¹EÅ)69nkZ^X U =

V (sci)← V (sci) + β

(
R(si)−

n∑

i=1

V (sci)

)
µ Ý ° Ý ·

{×Xo/G6 U 69¦>¿$; U X
β
U X4/ U 14WYX4Z¤;"Xo876�¨@5<;\X4WYWYXop×|Ó69/@/ U X4Z¤;\5:WYW\69nkX¤Ï@Ñaj^5Q/¯X4jm;«¨k6 U 5:X U WYX48:i¤Z�8:X4W(X4WY/2¿434X4W °

s X�¦�iap^¿48:X�X4W®;�8¶|Ùj@ZÒp@X¥W�/^8:j@W�5:¦�/¯i U ;"69Z¤;"W�p@X�8¶|Ó69/^/ U X¥Z¤;\5:WYW\69nkX�69Z^5:¦�698o/^6 U 34X�Ñaj×|Ù5:8o/¯X U ¦>X©;�p@X
U X4Z^p U X�34ik¦>/m;\X�p×|Ùj@Z*n U 69Z@p�Z@ik¦�l U X�p@X4WÃ/@¾^14Z@ik¦�¿4Z@X¥Weikl^WYX U ¨[14WÃpG69Z@WÃ8:X�3¥69p U X�p^j*34ikZ^p@5<;\5:i¤Z@Z@X¥¦>X4Z¤;
348769WYWY5:Ñaj^XkÏI34i¤¦>¦>X�8:Xul@8:ia3+69nkX µ Ç 6k¦>5:ZQÏmÝ¥Þk�kÞ · ÏI8:X�WYj@/2X U ¹ 3¥ikZ@p^5<;\5:ikZ@Z^X4¦>X¥Z¤; µ y X¥WÖ3¥i U 876zX©;�Å)69nkZ^X U Ï0Ý¥Þ[£k§ ·
ikj»876�WYj U 1©¨k698:jG6M;\5:ikZ µ ÇÃU X4¦�X U Ï×Ý¥Þ¤£9ß · °

{×X(¦�iap@¿¥8:X«p^X y X4WY34i U 876I¹¶Å)69nkZ^X U 6o1©;"1 U X4/ U 5:WVX$;�69p^69/m;\1�69j�ÔÕi U ¦�698:5:WY¦�X(p@X¥WV/ U ia34X4WYWYj@Wxp@X(p^14345:WY5:ikZ
¦�6 U ñki¥¨m5:X4Z^We/^6 U .0jm;Ö;\ikZ¼X©; Á 6 U ;\i µ Ý¥Þkß¤ß · Ï¯p^X�¦�69Z^5:¿ U X�âÂ/ U ik/¯ikWYX U p^X4We698:nki U 5<;\¾@¦�X4WepQ|Ó6k/@/ U X4Z¤;\5:WYW\69nkX
/^6 U(U X4Z@ÔOi U 34X4¦�X4Z¤; °

y�z� �z*  |q}��Ï¡�£0��~I}����0���¨�7}F��¢�~B���0���O�Ð���{£(¥�������}����Ï}�������¡�£0�{®+£0�+�Ñ�����4���O�Ò�7Ó��7�{�Ñ�����7}
s X U ;"695:Z^Wo/ U ikl^8:¿4¦>X4W]Z@1434X4WYWY5<;\X¥Z¤;`WYikj0¨[X4Z[;`/@8:j@WY5:X4j U W]693$;\5:ikZ@W]WYj@3434X¥WÖWY5<¨[X¥Wo/2ikj U Û©; U X U 1¥WÖi¤8:j@W¥Ïà3©¾^6M¹

34j@Z^X(34ikZ@p^5<;\5:ikZ^Z@14X(/^6 U j^Z@X(WÖ5<;"j^6M;\57ikZ�/¯X U ²4j@X °¤T ikj UVU X¥/ U 14WYX4Z[;\X U p@Xu;\X¥8:WV/ U ikl@8:¿4¦�X4W¥Ïk87X4W U X43"¾@X U 3"¾@X4WxX4Z



�(��ÔI�¨§a© ?U���cQRCH�@LONÆG�GR?&�oCd�f?9QÙQRCH���O�
QR��CHIKCH�@L Ý+£

5:Z^ÔÕi U ¦Â6M;\5:Ñaj^X�ikZ¤;�34ikZ^p@j@5<;uâ]p@14Ø^Z@5 U 8:X�3¥69p U X(ÔOi U ¦>X¥8^p^X4Wx/ U ia34X4WYWYj@W�p@X�p@14345:WY5:ikZ�¦�6 U ñ¤i¥¨m5:X4Z@W µ¶º*qeT�Õ¥·©°
.mX48:ikZ�34X�ÔÕi U ¦Â698:5:WY¦>XkÏ×1©;"69Z[;`p^ikZ@Z@1�j@Z�69j0;\ik¦Â6M;\XÂâÐ1$;"6M;\WoØGZ@5:W]WY/¯1¥345áØG69Z[;`8:X4W`34ikZ@WY14Ñ0j@X4Z@3¥X4W]p@X4W`693$¹
;"5:ikZ@WVX¥Z¤; U X4/ U 5:WYX4WVX©;�j@Z^X«ÔÕikZ^3©;\5:ikZ�p^X U 1¥34ik¦>/2X4Z@WYXkÏk87X4Wx698:nki U 5<;\¾^¦>X4Wxp@X«876o/ U ikn U 69¦�¦�6M;\57ikZ�p ­ ZG69¦>5:Ñ0j@X
µ Á X¥8:8:¦�69Z×Ï^Ý¥Þ ; £ · /¯X U ¦>X©;Ö;"X4Z¤;�p@X(p@143¥5:p@X U p@X(8�6o¦>X45:8:8:X¥j U X�693$;\5:ikZ�pG69Z@Wx3"¾^69Ñaj^X(WÖ5<;"j^6M;\5:i¤Z ° {V|Ùj0;"5:8:5:W\6M;\5:ikZ
p^X�34XÂ; ­ /2X�p@XÂ;\X43"¾@Z^5:Ñaj@X¥W�WÖj^/@/2ikWYX�p@ikZ@3gj@Z@X�3¥ikZ@Z^6k5:WÖW\69Z^34Xg/^6 U ÔO6k5<;\X�p^X�WYikZ)X¥Z¤¨m5 U i¤Z@Z@X¥¦>X4Z¤;>p@X�876
/G6 U ;�p@X(8¶|Ó6knkX4Z¤; ° {V|Ùiklmª®X©;�p^X(876]/ U ikn U 69¦>¦Â6M;\5:ikZÂp ­ Z^69¦�5:Ñaj@X(X¥W¬;�876]/ U 5:WYX(p^X(p^14345:WY5:ikZ °av 8:8:X U X48:¿©¨[X�p@ikZ^3
p^j�p^ik¦�695:Z^Xop@X]876 U X¥3"¾@X U 3©¾@Xoi¤/¯1 U 6I;\5:ikZ@Z^X48:8:X]/@8:j0; ÿ ;�Ñaj^Xop@Xo3¥X48:j@5Qp^Xo8¶|Ó69/^/ U X4Z[;\5:WYW\69nkX °

w Z�¦�iap@¿48:X�p^X º 6 U ñki¥¨*WY/214345áØ^X�8:X¥W U X¥876M;\5:ikZ^WoX4Z¤; U X�8E|Ó69nkX4Z¤;`X©;]WYikZ�X¥Z¤¨m5 U ikZ^Z@X4¦�X4Z¤;`64¨[X¥3�8:X4Wo148:1$¹
¦�X4Z¤;"W«WYj@5á¨k69Z¤;\W`=

� j^Z�X4Z^WYX4¦�l@87XÃØ^Z^5QpQ|Ù1©;©6M;\W
S
�

� j^Z�X4Z^WYX4¦�l@87XÃØ^Z^5QpQ|Ó693$;\5:ikZ@W
A
�

� j^Z@X>ÔÕikZ@3$;\5:ikZ�p@X�; U 69Z^WY5<;\5:ikZ
T : S × A × S → [0, 1]

Ñaj^5�p^ikZ@Z^X�876Ð/ U iklG69l@5:8:5<;"1>pQ|Ùia343¥j UÖU X¥Z@34X
p×|Ùj@Z»1©;"6M;zX4Z�ÔÕi¤Z@3©;\5:i¤Z�p^Xo8¶|Ù1©;"6M;z/ U 143414p^X4Z¤;�X©;zp@X]8¶|Ó693©;\5:ikZ»X¥Z¤; U X4/ U 5:WYX °

� j^Z@XÐÔOikZ@3©;"5:ikZ#p^X U 1434ik¦�/¯X4Z^WYX
R : S × A → < Ñaj@5«6kWÖWYia3¥5:XÐj^Z@X U 1434i¤¦>/2X4Z@WYXÐ5:¦>¦�14p@576I;\X�â

3©¾^69Ñaj^Xo34i¤j@/@8:Xo1$;"6M;Ö¹¬693©;\5:ikZ °
{QX¥WÃ693$;\5:ikZ@W U X¥/ U 14WYX4Z[;\X4Z¤;o8:X¥We¦�i ­ X4Z@WÃp^X U 14/¯i¤Z@WYX�p@X�8¶|Ó69nkX4Z[;oWYj U WYikZ�X4Z¤¨m5 U ikZ@Z@X¥¦>X4Z[; ° {QX4WÃ1©;©6M;\W

5:p^X4Z¤;"5áØ^X4Z¤;�8:X4W`/2X U 34X4/m;\5:ikZ^W]/2ikWYWY5:l@8:X4W`p^X�8¶|Ó69nkX4Z[; ° {×6»ÔÕikZ^3©;\5:ikZ�p@X>; U 69Z^WÖ5<;"5:ikZ�WÖ/214345áØGX�876»/ U iklG69l@5:8:5<;"1
/2ikj U 8¶|Ó69n¤X4Z¤;]p×|ÙÛ©; U X�3¥ikZ@Ô U ikZ¤;\1>âgj^Z�1©;"6M;]/G6 U ;\5:3¥j@8:5:X U ª¬j^W®;\X>69/ U ¿4WÃÑ0jQ|Ù5:8´6gX4Z[; U X4/ U 5:Woj@Z@X>693©;"5:ikZ�pG69Z@W
j^Z�1©;"6M;�p@ikZ^Z@1 °Cq 5:WY/¯ikWYX U p^XÂ34X©;Y;\XÂÔÕikZ^3©;\5:ikZ)/¯X U ¦�X©;�pQ|Ó69Z[;\5:345:/2X U 8:X¥W`3¥ikZ@WY14Ñaj^X4Z@34X¥W`p^X4W�6k3©;\5:ikZ^W ° {S6
ÔOikZ@3©;"5:ikZgp@X U 1434i¤¦>/¯X¥Z@WYXz/2X U ¦�X©;up^XzWY/214345áØGX U 8:X¥W�ikl@ª¬X43©;\5:ÔOW�p^Xz8¶|Ó69n¤X4Z¤; °mw Z@X U 1434ik¦�/¯X¥Z@WYXzZ^14n¤6M;\5á¨[XeX4W®;
j^Z@XV/^j@Z@5<;"5:ikZ]X©;Ú8¶|Ó69nkX4Z¤;Ú1©¨@5<;\X U 6(pQ|ÙX��àX43©;\j^X U 8:X4WC693©;"5:ikZ@WCÑaj@5 ­ 34ikZ@p^j@5:WYX4Z¤; °+w Z@X U 1434ik¦�/¯X4Z^WYXV5:¦>¦�14p@576M;"X
5:¦�/¯i U ;"69Z¤;"XoÔO64¨[i U 5:WÖX]876 U X4/ U iap^j@3©;\5:i¤Z�p@X4W�693©;"5:ikZ@W(34i UÖU X4WY/2ikZ@p^6kZ¤;\X4W(p^6kZ@W(8:X4W(¦>Û¥¦>X4W(34ikZ^p@5<;\57ikZ@W °

{×6�ÔOikZ@3©;"5:ikZ
R
Ï2/^6 U 8:X�l^57695:Wep^X4W U 143¥ik¦>/2X4Z@WYX4WÃ5:¦>¦>1¥p@576M;\X¥W4Ï2/2X U ¦>X$;Ãp^ikZ@3�pQ|Ó69WYWY5:nkZ^X U p@X4Wel^j0;\Woâ

8¶|Ó6knkX4Z¤; ° .m5�8¶|Ùi¤lmª¬X43©;"5:Ô�pQ|Ùj^Z�69nkX¥Z¤;`Z@1434X¥WÖWY5<;"X�/^8:j@WY5:X4j U W]693©;"5:ikZ@WoWYj^3434X4WYWY5<¨[X4W]/¯ikj U Û©; U X U X4¦>/^8:5¶Ïà8E|Ó69nkX4Z¤;
Z^X U X4²4ik5<;Ânk1¥Z@1 U 6k8:X4¦>X4Z[;�p^X U 1434ik¦�/¯X4Z^WÖX�Ñaj×|Ùj@Z@X�WYX4j@8:X�ÔÕik57W4Ïàª¬j^W¬;"X�69/ U ¿4W�64¨aik5 U X��2X¥3©;\j@1�876�p^X U Z@5:¿ U X
6k3©;\5:ikZ�8:j^5×/2X U ¦�X©;Ö;"6kZ¤;zp×|Ó6M;Ö;\X45:Z^p U X`WYikZ�l@jm; °Gq 69Z^W�34X`3¥69W¥ÏG8:X4We693©;\5:ikZ^W�5:Z[;\X U ¦�14p@576k5 U X4W�WYikZ¤;e3 U 14p@5<;"14X4W
p×|Ùj@Z^X U 143¥ik¦>/2X4Z@WYXÃZaj@8:8:X °mT ikj U ;"69Z¤;MÏm8¶|Ó69nkX4Z¤;(p^ik5<;(Û©; U Xe3¥6k/^69l^8:XÃp@Xep^14345:p^X U p@XÃ8¶|Ó693©;\57ikZÐik/0;"5:¦�698:XÃpG69Z@W
Z×|Ù5:¦>/2i U ;\X�Ñaj@X4878:XxWY5<;\j^6M;"5:ikZQÏ ­ 34ik¦�/ U 5:WÚÑaj^69Z^p`5:8[Z×|Ó6�69j^34j@Z^X U 1434i¤¦>/¯X¥Z@WYXx5:¦>¦�14p@576M;"X °M~ 8[ÔO69j0;�p@ikZ^3xÛ©; U X
3+69/^69l^8:X]p@X U 1$; U iI¹ / U ik/G69nkX U 8¶|Ù5:Z@ÔOi U ¦�6M;"5:ikZ»3¥ikZ@34X U Z^69Z[;z8:X4W U 1434ik¦�/¯X4Z^WYX4W(5:¦�¦>14p^576M;\X4WVª¬j@WYÑaj×|Ó69j0À�1©;©6M;\W
i<÷¼5:8CZQ| ­ X4Z*6�69j^34j@Z@X °às X4We5:Z@ÔÕi U ¦�6M;\5:i¤Z@Wep@ik5<¨[X4Z[;Ã/¯X U ¦>X©;Y; U X�p@X�p@14345:p^X U p@X�8¶|Ùik/m;\5:¦Â698:5<;\1�p^X`3"¾G69Ñaj^X
6k3©;\5:ikZ�pG69Z@W�ZQ|Ù5:¦>/2i U ;"X�Ñaj^X48x1©;"6M; °CT ikj U 34XÂÔO695 U XkÏSikZ)69WYWYia345:XÂj^Z@X�Ñ0j^698:5<;"1

Q(s, a)
â»3"¾^6kÑaj@XÂ34ikj^/@8:X

(s, a)
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∑

s′∈S
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WYik5<;V¦�6IÀm5:¦�698:X °kw Z@Xu/2ik8:5<;\5:Ñaj^XuX4W®;´j^Z�X4Z@WYX4¦�l^8:Xup@Xu34ikj@/^8:X4W�p^X
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s
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a
° {S6

¨k698:X¥j U ∑
T (s, a, s′).V (s′)

U X¥/ U 14WYX4Z[;\XÃ876�WYik¦�¦>XÃp^X4W U 1434ik¦�/¯X¥Z@WYX4W«6M;Y;\X4Z@p^j@X4W(â�/G6 U ;\5 U p^X4W«p@5��21 U X4Z¤;\W
1©;"6M;"WxÔÕjm;\j U Wx/2ikWYWY5:l@8:X4W¥Ï[876 U 1434ik¦�/¯X4Z^WYX(1©;"6kZ¤;�/2ikZ@p^1 U 14X�/^6 U 876]/ U iklG69l@5:8:5á;\1(p×|Ó6M;Ö;\X¥5:Z@p U X(8¶|Ù1©;©6M;�X4ZÂÑaj@X¥W¬¹
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{S6 U 1434ik¦�/¯X¥Z@WYX�ÔÕjm;\j U X�X4W®;>¦�j@8<;\57/@8:5:14Xg/^6 U j^Z)ÔO6k3©;\X4j U pQ|þ69¦>i U ;"5:WYWÖX¥¦>X4Z¤;
γ ∈ [0, 1]

°´s XgÔO693©;\X4j U
/¯X U ¦>X©;»p@X�Z@X�/^69W»693434i U p@X U 876�¦>Û¥¦>X�5:¦>/2i U ;"69Z^34X�â)876 U 1434ik¦�/¯X4Z^WÖX�ÔÕjm;\j U X�X©;�â)8�6 U 1434ik¦�/¯X4Z^WÖX
5:¦>¦�14p@576I;\X ° {S6�ØGnkj U XÐÝ °S; 5:8:8:j@W®; U X>8¶|ÙX��2X©;`p@j�ÔO693©;\X4j U p×|Ó69¦>i U ;\5:WYWÖX¥¦>X4Z¤;`WYj U 8:X¥Wz¨¤698:X4j U Wop@X4Wo1©;©6M;\W ° .05
γ = 0

Ï¤698:i U W´8:X¥W´ÑajG698:5<;\1¥W´Z@X«WYikZ¤;x3+698:34j@8:1¥X4WVÑajQ|ÙX4Z>ÔÕi¤Z@3©;\5:i¤Z>p@X4W U 1434ik¦�/¯X4Z^WYX4W´5:¦�¦>14p^576M;\X4W¥ÏkX©;xWY5
γ = 1

Ï
698:i U W�876 U 143¥ik¦>/2X4Z@WYX�ÔÕj0;"j U X�X4W®;V69j@WYWY5a5:¦�/¯i U ;"69Z¤;\X�Ñaj^X�8�6 U 1434ik¦�/¯X¥Z@WYX�5:¦�¦>14p^576M;\X�X©;Ú;\ikjm;\X4WÚ8:X¥WS¨¤698:X4j U W
WYX U ikZ[;�14n¤6k8:X4W °

q 69Z@WÚ8:X4WC14ÑajG6M;\5:ikZ^WCp@X Á X48:8:¦Â69ZQÏM5:8 ­ 6(j@Z^Xx14ÑajG6M;\5:ikZ�p@Xx34XV; ­ /2Xx/^6 U 1©;"6M;�X©;Ú/^6 U 693©;"5:ikZQÏ+8E|ÙX4Z@WYX4¦�l^8:X
ÔÕi U ¦Â69Z¤;�j^Z#W ­ W¬;"¿4¦>XÐp×|Ù14Ñaj^6I;\5:ikZ@W °Vs ¾^69Ñaj^XÂ¨¤698:X4j U X$;�3"¾^69Ñ0j@XÐÑaj^6k8:5<;\1Ðp^14/¯X4Z^p�p^XÐ876�¨k698:X4j U X©;�p@X¥W
ÑajG698:5<;\14W�6kWÖWYia3¥5:14X4W�â¼;\ikj^W>8:X4W>34ikj^/@8:X4W>1$;"6M;Ö¹�6k3©;\5:ikZ °´T ikj U>U 14WYikj@p U XÐ34X�W ­ W®;\¿4¦�XÐpQ|Ù1¥Ñaj^6M;"5:ikZ@W¥Ïçæ.�q���,�
è ���R�­�<������à»X4W¬;`8¶|Ó698:n¤i U 5<;\¾^¦>X>8:X>/@8:j^WoWY5:¦>/@8:X µ Á X48:8:¦Â69ZQÏ´Ý¥Þ ; £o� Á X U ;\WYX4ñI6kW4Ï´Ý¥Þkß¤£ · °Q~ 8�X4W®;`5<;\1 U 6I;\5:Ô�X©;`¦>X©;
p@5 U X43©;\X4¦�X4Z¤;�â>ª¬ikj U 8:X4W]¨k698:X¥j U W�8:X4W`j^Z@X4W�69/ U ¿4W�8:X4W�69j0; U X4W¥Ï×X4Z�ÔOikZ@3©;"5:ikZ�p@X4W]¨k698:X4j U W`p^1®ª®â»3¥698:34j^8:14X4W °
s X©;«698:n¤i U 5<;\¾^¦>XzX4W®;up@ikZ@Z^1�3¥5<¹ p@X4WYWYikj^W °a~ 8¯W¬;"ia3"ñkXz8:X4Wx¨k698:X4j U W

Q(s, a)
p^69Z@W�j@Z^X«;"69l^8:X�X$;�87X4W�¦�X©;uâ(ª¬ikj U

p@X�¦�69Z^5:¿ U X�5<;\1 U 6M;\5<¨[X °×~ 8VW¥|Ó6 UÖU Û$;\X>87i U WYÑaj@X�8:X4W]¦�iap@5áØG3¥6M;\5:i¤Z@W`69/^/¯i U ;\14X4W`â�876�p@X U Z^5:¿ U X�5<;\1 U 6I;\5:ikZ�WYikZ¤;
5:Z@ÔO1 U 5:X4j U X4W�â�j^Z�WYX4j@5:8

ε
°
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W\695 U XÃâ�876�/ U 5:WYXep^Xep@143457WÖ5:i¤Z °mw Zg/ U ikl^8:¿4¦�XzX¥W¬;(p@5<;=��Z@ikZm¹ ¦�6 U ñki¥¨m5:X4ZÏ�Â8:i U WYÑaj^Xe34X U ;"695:Z@Wu1©;©6M;\Wu/¯X U ²4j@W
WYikZ[;e69¦�l^5:nkj@W�X©;eÑaj@X`876>p^14345:WY5:ikZ�Z@1434X¥WÖWY5<;"X]8¶|Ó69pkª¬ikZ@3©;"5:ikZ»p×|Ù5:Z@ÔÕi U ¦�6M;"5:ikZ@W�34i¤Z@34X U Z^69Z¤;z87X4W�X©Àm/21 U 5:X¥Z@34X4W
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s ∈ S O JGLÕFMR_zD¯PCF�K+D¯P×K
a ∈ A O J¯L�FMR

q ← Q(s, a)

Q(s, a)← R(s, a) + γ
∑

s′∈S T (s, a, s′)maxa′∈AQ(s′, a′)

∆← max(∆, |q −Q(s, a)|)
O LÕA�_�D2PSF

O LOA)_zD¯PSFP PCä¥NQPÎgRQ
∆ < ε
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 *¡p¢*£j¤9ËTS9¥VU­µ�±�ªh«7µp´D»V·<¾Û¾­º<²Ç²­§­¾Ç¾Ç´¶ðV§­¾Ù¯
§XWOý��ãþ0î$Y�÷�î9ò�ý�÷�ñóô<ï@Ë
/^69WYWY14X4W�p@XÐ8¶|Ó69n¤X4Z¤; ° {S6¼ØGnkj U X�Ý ° £¼578:8:j@W®; U X�8:X4W>/ U ikl@8:¿¥¦>X4W>pQ|Ó6k¦�l@5:nkj�� ;\1�Ñaj@5«/¯X4jm¨[X4Z¤;�WYj U ¨[X4Z@5 U¥°´v 8:8:X
¦>ikZ[; U XÃ34ik¦>¦�X4Z¤;(876�/ U 5:WÖXÃX4ZÐ34ik¦�/0;\XÃp@X4W«1©;"6M;\W«X©;(p@X4W«6k3©;\5:ikZ^Wu/^69WYWY14X4W«/¯X U ¦�X©;(p@Xe87X©¨[X U 8¶|Ó69¦�l^5:nkjo�¶;\1
WYj U j@Zg1©;"6M;«Ñaj^5¶ÏaW\69Z@Wu34X4W�5:Z^ÔÕi U ¦Â6M;\5:ikZ^W�WYj@/^/@8:14¦�X4Z¤;©695 U X4W¥ÏaZ^Xz/2X U ¦>X$;Ö; U 6k5<;u/G69W�p@Xep@143¥5:p@X U p@Xe8¶|Ó693©;"5:ikZ
ik/0;"5:¦�698:X °

y�z� �z ª |b« �{��®+�+£4�*��Z���}\[ÃÌ&��}���£4�����7®
v Z U X4/ U 14WYX4Z¤;©69Z¤;�j@Z / U i¤l@8:¿4¦�X¼34ik¦�¦>X*j@Z / U ia34X4WYWYj@Wgp^X*p@14345:WY5:ikZ ¦Â6 U ñki¥¨@5:X4ZQÏ�3¤|ÙX4W®;Ö¹�âM¹�p@5 U X*X4Z

WY/¯143¥5áØG69Z¤;u34ik¦�/@8:¿©;"X4¦>X4Z[;�8:X4W�ÔÕikZ^3©;\5:ikZ^W
R
X©;
T
Ïa5:8¯X4W®;�/2ikWYWÖ5:l^8:X�p^X�3¥6k8:34j@8:X U 5<;"1 U 6M;\5<¨aX4¦>X4Z[;�p^X4WV¨k6k8:X4j U W

p@ikZ[;`ikZ�/¯X4jm;`p@1 U 5<¨aX U j^Z@X>/2ik8:5<;\5:Ñaj^XkÏQ3k|ÓX4W®;Ö¹�âM¹ p^5 U X>W®;\5:/^j@8:X U /¯ikj U 3"¾^69Ñ0j@X>1©;©6M;`876�¦>X45:8:8:X¥j U XÂ693©;\5:i¤Z�â
X4Z¤; U X4/ U X4Z@p U X °¯º 695:Wz/2ikj U jm;\5:8:5:WYX U p@X4WÃ698:nki U 5<;\¾^¦>X4Wep@X�p@14345:WY5:ikZ¼3¥ik¦>¦�X¾æ.�q���,� è ���R�­�<������à^Ï¯5:8SÔ 69j0;ÃÑaj@X
8:XÃ¦�iap@¿¥8:XÃp@X º 6 U ñki¥¨gWYikj@W�ªÖ6934X4Z¤;z69jÐ/ U ikl^8:¿4¦>XÃWYik5<;�34ikZ^Zaj °@q 69Z@W«3¥XÃ3¥69W¥Ï@5:8àX4W®;(/2ikWYWÖ5:l^8:XÃp^XÃ3¥698:34j^8:X U
j@Z^Xo/¯i¤8:5<;\5:Ñaj^X]â�Z×|Ù5:¦>/2i U ;\XoÑ0j@X48Q¦�ik¦>X¥Z¤;+Ï^X4Z�5<;\1 U 69Z¤;z8¶|Ó698:nki U 5á;\¾@¦�Xuª®j@WYÑajQ|Óâ>34XoÑaj×|Ù5:8Q34i¤Z¤¨[X U n¤X °

{×i U WYÑaj×|Ùj@Z�69nkX4Z[;oX4W®;]/@8:ikZ^nk1�p^69Z@WÃj^Z*X4Z[¨m5 U ikZ^Z@X4¦�X4Z¤;]5:Z@34ikZ^Zaj*/2ikj UÃU 1¥69875:WÖX U j^Z�69/^/ U X4Z[;\5:WYW\69nkXkÏ
8:X4W(ÔÕikZ@3$;\5:ikZ@W

R
X©;
T
WÖi¤Z¤;����@�R�����R�¯5:Z@34i¤Z@Zaj^X4W«X©;�34X©;z698:nki U 5<;\¾@¦�XÃp^XÃp^14345:WY5:ikZ�Z×|ÙX4W®;(p×|Ó69j@3¥j@ZÐWYX43¥ikj U W °

~ 8�ÔO69jm;]p@ikZ^3�j^Z�¦>143¥6kZ@5:WY¦>X�p×|Ó69/@/ U X4Z¤;\5:WYW\69nkX�3¥69/G69l@8:X>p@X�¦>iap^148:5:WYX U 8:X4WoÔÕikZ^3©;\5:ikZ^W
R
X$;
T
Ïài¤j�698:i U W

69/@/ U X4Z^p U X�p^5 U X43©;\X¥¦>X4Z[;�8:X4W�Ñaj^698:5<;"14W�69WYWYia345714X4W�69jmÀ�34i¤j@/@8:X¥W�1©;"6M;Ö¹¬693©;\5:i¤Z °�q 69Z^W�34Xg3¥69W¥ÏÚ8:X4W�Ñ0j^698:5<;\1¥W
WYikZ¤;e6Iª¬j@W®;\1¥X4W(/ U ikn U X4WYWÖ5<¨aX4¦>X4Z[;+Ïm;\ikj0;e69j�8:ikZ^n>p^Xo8¶|ÙX©Àm/21 U 5:X¥Z@34X]p@Xo8¶|Ó69n¤X4Z¤; °

{V|Ó698:nki U 5<;\¾@¦�X�A.G³�Æ�����Rà,�DàMñ µ Å)6M;\ñ05:Z@W¥Ï0Ý¥Þ¤ßkÞ · /¯X U ¦�X©;´p@X�3+698:34j@8:X U 5:Z@3 U 14¦>X¥Z¤;"698:X4¦�X4Z¤;VX©;´p@5 U X¥3©;\X4¦�X4Z¤;



�(��ÔI�¨§a© ?U���cQRCH�@LONÆG�GR?&�oCd�f?9QÙQRCH���O�
QR��CHIKCH�@L §0Ý

F

0.9

0.810.73 0.730.66 0.660.59 0.59

S1 S2

état perçu

 *¡p¢*£f¤9Ë^]X¥oÝfÒ�§�¹Î¬o½¿§J¯
§t¬�ªh»
¼�½¿¸­¹F§©·�»V·eïO¹�«Vª�_V»VðR´�§�·oË"`>ý&ï(ú�ÿ)î)÷�î�ï<ð0ñóò
ô<ï(ï0î!öDî�ï<÷-��� íRýUü�î�ï�÷�øKî9ò�,9ô<ñ�÷��óî�ú
�2þ4ñ�÷qÿ!ý&ú:î�údñóö^öDù-�4ñãý�÷�î�öDî!ï�÷xýUþ0÷�ô�þ(ò&�0î��óþ(ñA�Bì�î�ú.ù9÷�ý�÷�údú:ô<ï�÷xý��óô�ò�ú>ñ=�0î�ï<÷�ñ�8(ù�údø ýUò&� í ý<; ú:î�ï4ÿ)îXô�þa�ãý
ø(ò
ù�ú
î�ï(ÿ9î��(î�öxþ(ò�ú�� ýUï4úXÿ��4ý&ÿ�þ(ï0î6�(î�úXÿ�ý&ú:î!ú^ý<��/:ý&ÿ)î�ï<÷�î�ú��b#�ò-�3� ý&ï(ú��-î!úXÿ�ý&ú:î�ú

s1
î9÷
s2
�c� íRýUü�î�ï<÷

øKî9ò�,9ô�ñ-÷��êýaö�d!öDî>ÿ��(ô�ú
î��B�Oî�úX�0î�þ�e`ÿ�ý&ú:î!ú�ú:ô<ï<÷�ý&ö'; ñ-ü<þ�f!ú��B#�ò-�4ý��=�-î9ò�ð<î9ò�úX� í î�ú:÷�ûxø ýUò:÷�ñóòX�0î&�ãýDÿ�ý&ú:î
s1
ù-�-ô<ñóü<ï0î��0î��ãý.ï(ô<þ0ò
ò�ñ-÷�þ(ò
î7ý��óô�ò�ú3�2þ(î��ãý.ö�d�öDî7ý&ÿ)÷�ñóô<ïaî�ï<÷�ò
î9ø(ò�ñãú:î�û�ø ýUò:÷�ñóòc�0î

s2
î�ïDò�ýUø(ø(ò
ô0ÿ��(î���YI�

î�ú�÷�ñãöDøKô<ú
ú�ñg;"�óî��(î�ÿ�ý��óÿ�þ��-î�ò�þ(ï(î��2þ ý<�ãñ�÷�ù.þ(ï(ñ=�2þ(î.ý&ú�ú:ô0ÿ9ñóù9î.û&� í ù)÷�ý�÷Oî)÷�û'� í ý&ÿ�÷�ñóô<ï^î�ï���þ0î�ú:÷�ñ-ô<ïV�ih�ô<þ0ò
�(ñ��Kù9ò
î�ï4ÿ9ñ-î�ò��óî�ú�ù)÷�ý�÷�ú.ý&ö�;4ñóü<þ(ú��Kô<ïj�0ô<ñ-÷dý9ð<ô�ñóò�ò�î�ÿ)ô<þ0ò�ú.û¬þ(ï0îDöDù�öDô<ñóò
î
�(þçøKý&ú
ú:ùk� h�ýUò�î�e�î�öXø"�-îk�
;4ñóî�ïl��þ0î

s1
î)÷
s2
ú:ô<ñ-î!ï�÷^ú
î�ö�;"�ãý<;B�-î�ú-��ú�ý�ð�ô<ñóòXú�ñ�� í ô<ï¨ð0ñóî�ï<÷��4þ�ÿ)ô<ñóï[ü2ý&þ(ÿ*�0î_ô<þl�(þ�ÿ)ô<ñãïl�0ò
ô<ñ-÷

øKî9ò�öXî)÷m�0î&�óî)ð<î9ò�� íRý&ö';4ñóü<þ�n ÷�ù��

876oÔÕikZ^3©;\5:ikZ�p@X(Ñaj^698:5<;"1«X4Z�ÔÕikZ^3©;\5:ikZ�p@X(8¶|ÙX©Àm/21 U 5:X4Z^34X ° {´|Ó69/^/ U X¥Z¤;\5:WYW\69nkX(X4W®;xp^5 U X43©;x/^j@5:WYÑaj×|Ù5:8@Z^X«Z@143¥X4WYWÖ5<;"X
p^X�34ikZ@ZG695:WYW\69Z@34X�/ U 1¥69876kl@8:X�Z^5Úp^X�876gÔÕikZ^3©;\5:ikZ�p^X�; U 69Z^WY5<;\5:ikZQÏQZ@5�p@X�876gÔÕikZ^3©;\5:ikZ�p@X U 143¥ik¦>/2X4Z@WYX °×s X$;
6k8:nki U 5<;\¾^¦>XxX¥¦>/ U j@Z¤;"X�69j`ÔÕi U ¦Â698:5:WY¦>X�p@X4WC/ U ia34X4WYWYj@WCp@Xxp^14345:WY5:ikZ`¦Â6 U ñki¥¨m5:X¥Z@WC876(/2ikWYWY5:l@5:8:5<;\1�p@Xx/ U X4Z@p U X
X¥ZÂ34i¤¦>/0;"X�8:X4W�693$;\5:ikZ@W¥ÏaX©;u5:8G¦>X$;uâ(ª¬ikj U 8:X4W�ÑajG698:5<;\14W�34ikZ@ÔÕi U ¦>14¦�X4Z¤;«69j�¦>iap^¿48:Xzp@X y X4WY34i U 876M¹¶Å)6knkZ@X U4°

{QX¥W>Ñaj^69875<;\14W�69WYWYia345:1¥X4W�â�3"¾^69Ñ0j@XÐ3¥ikj@/^8:XÐ1©;"6M;Y¹�693©;\5:i¤Z#WYikZ[;�5:Z^5<;\57698:5:WY14X4WÂ64¨[X43�p@X4W�¨k698:X4j U W>Zaj@8:8:X¥W °
{V|Ù14Ñ0j^6M;\5:i¤Z�p@X�¦>5:WYXuâxª¬ikj U p^X4W�Ñaj^698:5<;"14WÚ3¥ikZ@WY5:p@¿ U X�WYj^3434X4WYWY5<¨[X4¦�X4Z¤;´8:X4W�ÑajG69p U j^/@8:X©;"W

(st−1, at−1, rt, st)
°

v Z�ÔÕikZ^3©;\5:ikZ�p^X`34X4W�5:Z^ÔÕi U ¦Â6M;\5:ikZ@W¥Ï¯â�3"¾G69Ñaj@X`/^6kW�p@Xo;\X4¦�/@W¥Ï^j^Z@X`Ñaj^6k8:5<;\1`X4W®;e¦>iap^5áØ^14X`p@X`876�¦Â69Z@5:¿ U X
WYj^5<¨k69Z¤;"X�o�=

Q(st−1, at−1)← Q(st−1, at−1) + β

(
rt + γmax

a∈A
[Q(st, a)−Q(st−1, at−1)]

) µ Ý ° 3 ·
w Z@X�WYX4j@87X�Ñaj^6k8:5<;\1�X4W®;�p@ikZ@3Â¦>5:WYXÂâ�ª®ikj U â�3"¾G69Ñaj^X�/^69W`p^X�;\X4¦�/@W¥Ï×X4Z�ÔÕi¤Z@3©;\5:i¤Z�p@X¥W]ÑajG698:5<;\14W�/ U 143¥1©¹
p^X4¦>¦�X4Z¤;�3¥6k8:34j@8:14X¥W ° {V|Ó69/@/ U X4Z¤;\5:WYW\69nkX�ZQ|Ùjm;\5:8:5:WYXÐ/G69W�876�ÔÕikZ@3$;\5:ikZ#p^X�; U 69Z^WY5<;\5:ikZ

T : S × A × S →
[0, 1]

Ñ0j@5z/2X U ¦�X©;Ðp×|Ó69Z¤;\5:3¥5:/¯X U 8:X4Wg34i¤Z@WY14Ñaj^X4Z@34X4Wgp^X4WÐ693©;\5:ikZ^W °us X*Z×|ÙX4W®;ÐÑaj^X¼8:i U WÖÑ0jQ|Ùj@Z^X»; U 6kZ@WY5<;\5:ikZ
(st−1, at−1, rt, st)

WYj U ¨m5:X4Z[;>ÑajQ|ÙX48:8:XÐX4W®;>j0;"5:8:5:WY14Xg/2ikj U ¦>X$;Ö; U XÐâ�ª¬ikj U
Q(st−1, at−1)

X4Z#ÔÕikZ@3$;\5:ikZ�p^X4W
Ñ0j^698:5<;"14W�69WYWYia345:14X4W�â>8¶|Ù1©;"6I;�WYj^5<¨k69Z¤;

st
°

p 	���
�
��Xqã/!��,�%<����
� �/�;D3��7�ê' G�$&%<�9
: R/U;a32%jrtsAu-ß�Ù�Ú:ä2áêä�v�����
{��,."<��%2;!
IG��76$w!/�����qã/yx+ ���z&{T|-})}kMy~



§k§ ���@?���NOLOQHC��0���d���cQRCH�@LONÆG�GR?&�oCd�f?9QÙQRCH���O�
QR��CHIKCH�@LÓC9LÛ?��B�cQHCH�cLONÆG�GH?��oC°BD?ML³CH�@L
s i¤Z¤; U 695 U X4¦>X4Z[;�69j)¦>iap^¿48:XÂp@X y X4WY34i U 876M¹EÅ)69nkZ^X U Ñaj^5xp@143 U 5<;�8:XÂ34i¤Z@p@5<;"5:ikZ@Z^X4¦>X4Z[;�3¥8769WYWÖ57Ñaj@XkÏCX48:8:X

/¯X U ¦>X©;�p@Xo/ U X4Z^p U XoX4Z�34ik¦>/m;\XÃ8¶|þ693©;\5:ikZ °^v Z�W¥|Ù5:Z@WY/^5 U 69Z¤;�p@Xo8¶|Ó69/^/ U X4Z[;\5:WYW\69nkX]69Z@5:¦Â698àX$;(p^jÐ34ikZ^p@5<;"5:ikZ0¹
Z@X4¦�X4Z¤;x3¥8769WYWÖ5:Ñ0j@XkÏkikZÂ6Ãp@ikZ^3«34ikZ@²¥j>p@X4Wx698:nki U 5<;\¾@¦�X4WVpQ|Ó69/^/ U X4Z[;\5:WYW\69nkX«/^6 U´U X4Z@ÔOi U 34X4¦�X4Z¤;xÑaj^5@5:Z@348:j^X4Z¤;
8¶|Ó693©;"5:ikZ °

oqp0� rts ïqu`u�î2ûVý�í2ü\ËGËGïdv(û wÖïuí¯ûVý�íÒu·Ç�Ì`î wYû´Ë Ç(ît��ü\ý`ïuí¯ûVÌ�îàË

y�z*ª�z:y |q}��[¡�£0�4�.��É���}��[�.��[�Ì&��}B�{£4�����7®
ã LOä4RCQ��$D2PSFgúÎgáPÚASR*ä4R0PÚç�R*NQPSJ¯çOL�K¥è-(CJ^Fm(ÚJ^ä�úSR�K¥R0Hl(Úä

{V|Ó698:nki U 5<;\¾@¦�X�A.G³�Æ�����Rà,�DàMñÐ/¯X U ¦�X©;�pQ|Ó6k/@/ U X4Z@p U Xgj^Z@X�69/^/ U i¥À@5:¦�6M;\5:i¤Z#p@XÐ876�ÔÕikZ@3$;\5:ikZ#p^XÐÑaj^6k8:5<;\1 °
~ 8eX4Z�34ikZ@W®; U j@5<;�j^Z ¦>i0p@¿48:X*3¥ikZ@W®;\5<;"j@1*p@X�; U 5:/@8:X$;\W

(s, a,Q(s, a))
Ï�X4Z�69ª¬j@W®;"69Z[;�8:X4W�¨k6k8:X4j U W

Q(s, a)/ U ikn U X4WYWY5<¨[X4¦�X4Z¤;+Ï¤;\ikjm;u69j�8:ikZ^n`p^X�WYikZ�X©Àm/21 U 5:X4Z^34X ° .m5G34X$;u698:nki U 5<;\¾@¦�Xz34ikZ¤¨[X U nkXe64¨[X43zj@Z^X�/ U ikl^69l^5:8:5<;\1
p@X]Ý«¨[X U Wxp^X4WxÑaj^698:5<;"14Wxik/0;"5:¦�698:X4W¥Ï[5:8^WYX U 1$¨[¿48:X(X¥Z�/ U 6M;\5:Ñaj^X�69WYWYX4Ü(5:Z^X�
�3¥6k34X(p@¿¥WVÑ0j@X(8:X�Z@ik¦�l U X(p×|Ù1©;"6M;"W
X©;zp@Xe; U 69Z@WY5<;\5:ikZ^W�69j@nk¦�X4Z¤;\X °

0.9

F
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0.90.81

F

 *¡p¢*£j¤
ËR�
¥b�tïâ½�§³«Vª­·e´¶·�¨j��íq§°§­¾Ç¾�«V´ �9Ë
v Z»X��2X©;+Ï^8:X¨A>Gh�Æ���q�Hà,�DàMñoZ@X]p@5:WY/2ikWÖX]/^69W(p^Xo876>ÔÕikZ@3©;"5:ikZ»p@Xe; U 69Z@WY5<;\57ikZ

T : S ×A× S → [0, 1]
°��

3"¾^6kÑaj@Xo5:Z^W®;"69Z¤;+Ï^5:8QZ×|Ùj0;\5:8:5:WYX]Ñaj@Xo8:X]ÑajG69p U j^/@8:X©;
(st−1, at−1, rt, st)

/2ikj U ¦>X©;Y; U X]âeª®ikj U 876�ÔÕikZ^3©;\5:ikZ»p@X
ÑajG698:5<;\1 °Gs X©;z698:nki U 5<;\¾@¦�XoZQ|Ó69/^/ U X¥Z@p�X4Z�¦>i0p@5áØG69Z[;�8:X4W(Ñaj^6k8:5<;\14W(Ñaj@Xo8:i U WÖÑ0jQ|Ù5:8QXX�2X43©;\j^X U 14X48:8:X¥¦>X4Z¤;zj@Z@X
693©;\57ikZ °

~ 8(X4Z U 14WYj@8<;"X�j^Z@X»34X U ;"6k5:Z@X»8:X4Z¤;\X¥j U p×|Ó69/@/ U X4Z¤;"5:WÖW\69n¤X�5:8:8:j^W¬; U 14X»/^6 U 8:X4W�Ø^nkj U X4W»Ý ° ß�X©;¼Ý ° Þ °xq 69Z^W
34X©;ÃX$ÀmX4¦>/^8:XkÏ¯8¶|ÙX©Àm/21 U 5:X¥Z@34X�X4W®;Ã34i¤¦>/2ikWÖ1¥X�pQ|ÙX4WYW\695:WeWYj@3434X4WYWY5:ÔÕW °às ¾^69Ñaj^X`X¥WÖW\695Ú34ik¦>¦�X4Z@34X�pG69Z@We876Â3¥69WYX
Z@i U p0¹ ikj^X4W®; °^q ¿4W(Ñaj^Xo8¶|Ó6knkX4Z¤; U X®ª®ik5:Z¤;�8�6�3¥6kWÖX]34ikZ¤;"X4Z^69Z[;�p^Xo876>Z@ikj UÖU 5<;\j U X µ ¦Â6 U Ñaj^14X ±´· Ï^5:8 U X¥²4ik5<;zj@Z@X
U 143¥ik¦>/2X4Z@WYXoWY3¥6987695 U X]X©;�j@Z»Z@ikjm¨[X48QX4WYW\695×34ik¦>¦�X4Z@34X °

� j�p^14l@jm;�p@X�876]/^¾^69WYX�pQ|Ó69/^/ U X4Z[;\5:WYW\69nkXkÏ[8¶|Ó69nkX4Z¤;uZQ|Ó6`69j^34j@Z@X�34ikZ^Z^695:WYW\69Z@34X�p^X(WYikZÂX¥Z¤¨m5 U i¤Z@Z@X¥¦>X4Z¤;
X©;Ã;"ikj0;\X¥Wo8:X4WoÑajG698:5<;\14WoWYikZ[;]Zaj^8:8:X4W °Qv Z¤; U X�/^8:j@WY5:X4j U W]693©;\5:ikZ^Wo3"¾^693¥j@Z@X>3 U 14p^5<;\14X4Wop×|Ùj@Z@X�Ñ0j^698:5<;"1�Zaj^8:8:XkÏ
1©;"69Z[;�p@i¤Z@Z@1Âj@Z@X�WY5<;\jG6M;\5:ikZ×Ï×8¶|Ó69n¤X4Z¤;�X4Z�3"¾^ik5:WY5<;�j^Z@XÂ6kj�¾^6kWY6 U p ° {S6�/2ik8:5<;\57Ñaj@X�5:Z^5<;\57698:XÂX4W®;�p@ikZ@3Âj@Z@X
/¯i¤8:5<;\5:Ñaj^X(6k8:1¥6M;\ik5 U X °[q j U 69Z¤;�W\6o¦�6 U 3"¾^X�698:1¥6M;\i¤5 U XkÏ¤5:8^Z@X U X4²4ik5<;�69j^34j@Z U X4Z^ÔÕi U 3¥X4¦>X4Z[;xX©;�ZQ|Ó6k/@/ U X4Z@p U 5:X4Z
ª¬j@WYÑ0jQ|Óâg34X>ÑajQ|Ù5:8V6M;Ö;\X45:n¤Z@X�876Ð3¥69WYX�¦Â6 U Ñaj^14X ± X©;]Ñ0jQ|Ù5:8 U X¥²4ik5<¨[X>j@Z^X U 1434i¤¦>/¯X¥Z@WYX µ ¨[ik5 U Ø^nkj U XÐÝ ° ß ·©°Q~ 8



�(�g�K�¨§a© ?U���cQRCH�@LONÆG�GR?&�oCÃBD?MLhCH�cL+���o�
QÙBDCHGÃ�9Q�EeNÆ�c?MLhC��
Q�G § /

¦�X©;�698:i U W�âuª¬ikj U 876oÑajG698:5<;\1(3¥i UÖU X4WY/2ikZ@pG69Z¤;\X�69j�34ikj^/@8:X(1©;"6M;Y¹�693©;\57ikZ�Ñaj@5^8:j@5G6o/¯X U ¦>5:WVp^X U X434X©¨[i¤5 U 34X©;Ö;"X
U 1434ik¦�/¯X4Z^WÖX °

w Z]Z@i¤j0¨[X48¤X4WYW\695¤p^14l@j0;"XV698:i U WSX©;C8¶|Ó69nkX¥Z¤; U X434ik¦>¦�X4Z@3¥X´j^Z@XV¦Â6 U 3"¾@Xx698:1+6M;\ik5 U Xx/@j^5:WÖÑ0jQ|Ù5:8¤ZQ|þ6�;\ikj9ª®ikj U W
U 5:X4Z�69/@/ U 5:WC34ikZ^34X U ZG69Z¤;�8:X4WC1©;"6I;\WC1487ik5:nkZ@14WÚp@X�876�WÖi¤j U 34X�p@X U 1434i¤¦>/2X4Z@WYX °Is X�Z×|ÙX4W®;ÚÑ0j@X�8:i U WYÑajQ|Ù5:806 UYU 5<¨[X U 6
/G6 U ¾^69W\6 U p»pG69Z@W�8E|Ù1©;"6M;e/ U 14341¥p@X4¦�¦>X4Z¤;e¦>5:Weâoª¬ikj U Ñaj×|Ù5:8S/¯ikj UÖU 6�¦>iap^5áØ^X U WYikZ�¦�iap@¿48:X`X4Z�¦�X©;Ö;"69Z[;Ãâ
ª®ikj U j@Z@X�Z^ikj0¨aX48:8:X�Ñ0j^698:5<;\1�X4Z�ÔÕikZ@3©;"5:ikZ�p@X�3¥X48:8:X�3¥698:34j^8:14X�/ U 14341¥p@X4¦�¦>X4Z[; µ ¨[ik5 U Ø^nkj U XgÝ ° Þ ·©°Qs X�Z×|ÙX4W®;
Ñ0jQ|Ó69/ U ¿4W�j^Z�n U 69Z@pgZ^ik¦�l U Xzp×|ÙX4WYW\695:W�34i¤¦>¦>X¥Z@²¥69Z[;«3"¾^6934j^Zg/^6 U j@Z@Xe¦Â6 U 3"¾@XÃ698:1+6M;\ik5 U XÃÑaj@Xe8:X4W�¨k698:X4j U W
i¤/0;\5:¦Â698:X4W(WYX U ikZ[;«; U ikj0¨[1¥X4W µ ¨[ik5 U Ø^nkj U X>Ý °S;¤·©°

{´|Ó6k8:nki U 5<;\¾^¦>X�A.G³�Æ�����Rà,�DàMñ�ZQ|Ùj0;"5:8:5:W\69Z¤;�/^69W�p^X�¦>i0p@¿48:X»p@X�876�ÔÕikZ^3©;\5:ikZ�p@XÐ; U 69Z^WÖ5<;"5:ikZQÏV5:8«Z@X»/¯X4jm;
¦�X©;Ö; U XÃâzª®ikj U Ñ0jQ|Ùj@Z^XeWYX4j^8:XÃÑajG698:5<;\1oâ�3"¾G69Ñaj@XÃ/G69Wup^Xz;\X4¦�/@WÃ=m34X¥8:8:Xo69WYWYia345:1¥Xoâ

(st−1, at−1)
° .à|Ù5:8à1©;"695á;

3+69/^69l^8:X�p^X�¦�X©;Ö; U XgâÂª¬ikj U /@8:j^WY5:X4j U W�Ñaj^698:5á;\14W�â¼3"¾^69Ñ0j@Xg/^69W�p@XÂ;\X4¦>/^W¥ÏCW\6�¨@5<;\X4WYWYX�p×|Ó69/@/ U X4Z¤;"5:WYWY69n¤X
WYX U 695<;z693¥3 U j@X °

� è0ækR0ä¥ä+L�K¥è*úÎg:PCASR-(´DàçOL�KMLONQPSR*ä$K¥D×æ
`SJGä$KMLONQPSR

0.9

F

0.81

0.73 0.66

0.590.530.480.430.39

0.34

 j¡D¢j£*¤9Ë¶¤k�9¥b�tïO½¿§³«Vª­·e´¶·�¨j��·o±h²­§­¾Ç¾­´¶µO±J¯.Ö º�·o§�¬q»7½0´pµp´pÀ�ºM§©¾�µ�»R²�®q«X¾­µD´pÀ�ºM§H�7Ë

v Z*ikj0; U XkÏG5:8ÚWÖX�/2X4j0;ÃÑaj@X�8¶|Ó69nkX¥Z¤;o69/^/ U X¥Z@Z@X�j@Z@X�ÔÕi¤Z@3©;\5:i¤Z
Q
3¥ik¦>¦�X�34X48:8:X�5:8:8:j^W¬; U 14X�/^6 U 876�ØGnkj U X

Ý ° Ý¥¢ °aq 69Z@W�34X©;�X©ÀmX¥¦>/@8:X¤Ï¤8:X4W�X©Àm/^8:i U 6M;\57ikZ@W�698:1+6M;\ik5 U X¥W�WÖj^3434X4WYWY5<¨[X4W�69j U ikZ¤;�34ikZ@p^j@5<;�8¶|Ó69nkX4Z[;uâ]Z@X(¦�X©;Ö; U X
â«ª¬ikj U Ñaj^X(3¥X U ;"695:Z^X4WxÑajG698:5<;\14W�69WÖWYi0345:14X4W�69j0À�3¥69WYX4Wxn U 5:WÖ1¥X4W °as X4WxÑajG698:5<;\14W�34ikZ@p^j@5:WYX4Z¤;�8¶|Ó69nkX4Z[;uâ U 14/¯1©;"X U
W\69Z^Wo3¥X4WYWÖX�876Ð/2ik8:5<;\5:Ñaj^X>WÖikj^W®¹ ik/0;"5:¦�698:X�34ikZ@p^j@5:W\69Z¤;�âÐ8�6�; U 6Iª®X43©;\ik5 U X>5:Z^p@5:Ñaj^14X>X4Z�/2ik5:Z¤;\5:8:8:1¥W ° {V|Ó69nkX4Z¤;
X$Àm/@8:ik5<;"Xz34XzÑ0jQ|Ù5:826�69/^/ U 5:W�X©;uZ^X(¨m5:WY5<;\Xe/@8:j@W�pQ|Ó69jm; U X4W�1©;©6M;\W�Ñaj@Xz3¥X4j0ÀÂÑaj×|Ù5:826`p^1®ª®âo¨m5:WY5<;\1¥W °@reU X©À@/@8:i U X U
p^XzZ^ikj0¨[X+69j0À�1©;"6M;"W�X4W®;«8:XeWÖX¥j@8¯¦�i ­ X4Zgp@Xep@1¥34ikj0¨@5 U 876�/2ik8:5<;\5:Ñ0j@Xeik/0;\5:¦Â698:X °mT 6 U X©ÀmX¥¦>/@8:X¤Ïal@5:X¥ZgÑaj@Xe8:X4W
Ñ0j^698:5<;"14Wo3¥698:34j^8:14X4Wo8:j^5�p@5:3©;"X4Z¤;]p×|Ó698:8:X U âg8¶|Ùikj@X¥W¬;�âg/G6 U ;\5 U p@X�876g3+69WÖX>p@X�¨¤698:X4j U

0.66
ÏQj@Z�¦�ikj0¨[X4¦�X4Z¤;

¨aX U W�8:X�WYj@p)8:j@5�/2X U ¦>X$;Ö; U 695<;�p@X�p@1¥34ikj0¨ U 5 U 876�/2ik8:5<;\5:Ñ0j@X�ik/0;\5:¦Â698:X�X©;�p@X�3 U 14p^5<;\X U 8¶|Ù1©;"6I;�X4Z�Ñ0j@X4W®;\5:ikZ
p×|Ùj@Z^Xe¨k698:X4j U p@X`¢ ° ßmÝ °

v ZÐÔO695<;MÏ08¶|Ó698:nki U 5<;\¾@¦�XÏA.Gh�Æ���q�Hà,��àeñeZ@XÃ34ikZ¤¨[X U nkXÃ64¨aX43Ãj@Z@XÃ/ U iklG69l@5:8:5<;"1ep@X�ÝÃÑaj@XÃWÖ5¯;\ikj^W�8:X¥Wu34ikj@/^8:X4W
(s, a)

WYikZ¤;e¨@5:WÖ5<;"14WeWYj�
�W\69¦>¦�X4Z¤;oWYikj0¨aX4Z¤; °2~ 8 ­ 6�87â�j@Z*p^5:8:X4¦�¦>X�X4Z¤; U X�X©Àm/@87i U 6M;\5:ikZ�X©;oX©Àm/^8:ik5<;"6M;"5:ikZ °
{V|ÙX©À@/@8:i U 6I;\5:ikZ*/2X U ¦�X©;op@X]¨@5:WY5<;\X UeU 14n¤j@8:5:¿ U X¥¦>X4Z[;z;"ikj@WÃ8:X4We1$;"6M;\WÃ¦�695:WÃ148:ik57nkZ@X�p^X4WeWYikj U 34X4Wep^X U 1434ik¦�¹
/2X4Z@WYX4W¥Ï×X©;�8¶|ÙX$Àm/@8:ik5<;©6M;\5:ikZ�/¯X U ¦>X©;�p^X>¦Â6MÀm5:¦�5:WYX U 876 U 1434ik¦�/¯X4Z^WÖX�¦Â695:W`/^69W`p@X�¨m5:WY5<;\X U ;\ikj@W`8:X4W`1©;©6M;\W



§
3 ���@?���NOLOQHC��0���d���cQRCH�@LONÆG�GR?&�oCd�f?9QÙQRCH���O�
QR��CHIKCH�@LÓC9LÛ?��B�cQHCH�cLONÆG�GH?��oC°BD?ML³CH�@L
WYjo
ÂWY69¦�¦>X¥Z¤;`WYikjm¨[X4Z¤; ° {S6�ÔO69²4i¤Z�8�6Ð/^8:j@W]3¥ikj U 69Z[;\X�pQ|Ó69l2i U p@X U 3¥X>p^5:8:X4¦>¦�X>X¥W¬;�p^X>p^1$Ø^Z^5 U j^Z@X>/2ik8:5<¹
;\5:Ñaj^XgW®;\ia3"¾G69W®;\5:Ñaj^XgX4Z�ÔÕikZ^3©;\5:ikZ#p@X¥W�ÑajG698:5<;\14W�3+698:34j@8:1¥X4W�/^6 U 8¶|þ698:nki U 5<;"¾@¦>X�A.G³�Æ�����Rà,�DàMñ ° {S6*/¯ik8:5<;\57Ñaj@X
ZQ|ÙX¥W¬;Â698:i U W�/^6kW�p^14p@j^5<;\Xgp@X4W�Ñaj^6k8:5<;\14W�X4Z#3"¾@ik5:WY5:WYW\69Z¤;>W ­ W¬;"14¦�6M;"5:Ñaj@X4¦�X4Z¤;>876*¦>X45:8:8:X¥j U X�693©;\5:ikZ×ÏÚ¦�6k5:W
X4Z�3"¾@ik5:WY5:WYW\69Z¤;�/^6 U ÔÕik5:W`j^Z@XÂ693$;\5:ikZ�5:p@X4Z[;\5áØ^1¥X�34ik¦�¦>XÂWYikj@W®¹ ik/m;\5:¦�6k8:X °Sq ikZ^3�8:X4W`3 U 5<;\¿ U X4W`/¯X U ¦>X$;Ö;"69Z¤;
pQ|Ó69/^/ U X¥Z@p U Xep^X4WuÑajG698:5<;\14W(69p^14Ñaj^6I;\X4WuWYikZ[;(X4ZÐ34ikZ¤; U 69p@5:3$;\5:ikZ�64¨[X¥3Ã876`¨[ik8:i¤Z¤;\1Ãp×|Ùikl0;"X4Z@5 U j@Z^XÃ/¯ik8:5<;\57Ñaj@X
ik/0;"5:¦�698:X °

y�z*ª�z*  |b« ��£(~BZ��*�0}�~K�(��£0}�� Ó��7�
{×X4W`/ U ikl^8:¿4¦>X¥W]p×|ÙX�
�3+69345<;\1�p^X>8E|Ó698:nki U 5<;"¾@¦>X¾A.G³�������Hà,��àMñ�¨m5:X4Z^Z@X4Z¤;�WYj U ;\ikj0;�p@X�34X�Ñ0j@X�8¶|Ó69nkX4Z¤;�Z@X

¦>X$;o/^69Woâ�/ U i9Øm;e;"ikj0;\X�8¶|Ù5:Z^ÔÕi U ¦Â6M;\5:ikZ�i��àX U ;\X�/G6 U W\6�l2ikj@348:X�WÖX¥Z@WYi U 5<¹ ¦�iI; U 5734X °àq X�876g¦>Û4¦�X�¦�69Z^5:¿ U X
Ñaj^Xup^69Z^W�8:X4WÚ;\¾^14i U 5:X¥W�p^j�34ikZ@p^5<;\5:ikZ^Z@X4¦�X4Z¤;Vik/21 U 69Z¤;xX4Z�/@W ­ 3"¾^ik8:iknk5:X(69Z@5:¦Â698:XkÏ9578mZQ|Ó69/^/ U X¥Z@p�Ñaj@Xu3¥XuÑaj@5
U X48:¿$¨[X�p@X�876 U 1434ik¦�/¯X4Z^WYX °MT ikj U ¦>X©;Y; U X�âVª¬ikj U /^8:j@WY5:X4j U WCÑ0j^698:5<;\1¥WÚâ�3©¾^69Ñaj^X�/^69WÚp@XV;\X4¦�/@W¥ÏM8¶|Ó698:nki U 5<;\¾@¦�X
A.G³�Æ�����Rà,�DàMñ«p^X©¨ U 695á;�Û©; U X(3¥69/G69l@8:X�p@X(3¥ikZ@WY5:p@1 U X U p^X4W´; U 69Z^WÖ5<;"5:ikZ@Wx¾ ­ /¯iI;"¾@1©;\5:Ñ0j@X4W¥Ï¤5:Z^p@14/2X4Z@pG69¦>¦�X4Z¤;�p@X
876�p^X U Z^5:¿ U Xo; U 6kZ@WY5<;\5:ikZ¼ikl@WYX U ¨[1¥X °¯º 695:Wz/¯ikj U 34X4876mÏG5:8CÔO69j0;ÃÛ©; U X�3¥69/^69l^8:X`pQ|Ó6kZ¤;\5:345:/2X U 8:X4We34ikZ@WY14Ñ0j@X4Z@3¥X4W
p@XoWYX4W(6k3©;\5:ikZ^W4Ï@X©;�p^ikZ@3op@Xop@5:WY/2ikWÖX U p^XÃ876�ÔÕi¤Z@3©;\5:i¤Z�p@Xe; U 69Z^WÖ5<;"5:ikZ °^q 69Z@W(j@Z�X4Z¤¨m5 U ikZ@Z^X4¦>X4Z[;����@�R�����R�
5:Z@3¥ikZ@Zaj×ÏÚ34X©;Ö;"XgÔÕikZ@3$;\5:ikZ�X4W®;>5:Z^34ikZ^Zaj@XgX©;>5:8uÔO69j0;>X4Z�69/@/ U X4Z@p U Xgj@Z�¦>i0p@¿48:X °VreU 876¼l2ikj@3¥8:X�WYX4Z^WYi U 5<¹
¦>iI; U 5:34X�i�� U X�69j^WÖWY5C8¶|Ù5:Z^ÔÕi U ¦Â6M;\5:ikZ*Z@1434X¥WÖW\695 U X�âÂ8¶|Ó69/^/ U X4Z[;\5:WYW\69nkX�876M;"X4Z¤;Ãp@X�876�ÔÕikZ@3$;\5:ikZ¼p^X]; U 69Z^WÖ5á;\5:ikZQÏ
/@j^5:WYÑaj@X«8:X4W´3¥ikZ@WY14Ñaj^X4Z@34X¥W´pQ|Ùj^Z@X(693©;\5:i¤Z>Z@X«34ikZ@WY5:W®;\X¥Z¤;x/^69WVWÖX¥j@8:X4¦�X4Z¤;xX4Z>j@Z^X U 1¥34ik¦>/2X4Z@WYXkÏk¦�6k5:WV69j^WYWÖ5
X4Z�j^Z@XoZ^ikj0¨[X¥8:8:XoWY5<;\jG6M;\5:ikZ °

.mj0;Ö;\i¤Z µ Ý¥ÞkÞ¤§ · / U ik/¯ikWYX(8¶|Ó6 U 3"¾@5<;"X43©;\j U XX@Â�
à@�(/¯ikj U /¯X U ¦>X©;Y; U X(pQ|Ó69/^/ U X¥Z@p U X«j^Z�¦>i0p@¿48:X(p^X(876oÔÕi¤Z@3©¹
;\5:ikZ�p@XÐ; U 69Z^WÖ5á;\5:ikZQÏVX©;Â/2ikj U 8¶|Ùj0;"5:8:5:WYX U 69Ø^Z�pQ|Ó6934341¥8:1 U X U 8¶|Ó69/^/ U X4Z[;\5:WYW\69nkX»p@X4W�ÑajG698:5<;\14W�69WYWÖi0345:14X4W�69j0À
34ikj^/@8:X4W(1$;"6M;Ö¹�6k3©;\5:ikZ °

E
nvironnem

ent

récompense

situation

action

DECISION

Modèle Modèle
des transitionsdes récompenses

 *¡p¢*£*¤9ËÆ¤9¤9¥�ÚJÖ «Vªh²�®
´pµ�§³²�µDº�ª³§�`m�0ï ýeË

q 69Z@Wx@���à@��ADCuÏ[8:X�¦�iap@¿¥8:X�p@X4W U 143¥ik¦>/2X4Z@WYX4W�5:¦>¦�14p@576M;"X4W�WY/¯143¥5áØ^X�8:X4W U 143¥ik¦>/2X4Z@WYX4W�69WYWYia345:14X4Wu69j0À
34ikj^/@8:X4W

(st, at)
° {×X»¦>i0p@¿48:X�p@X»8¶|ÙX4Z¤¨@5 U ikZ@Z^X4¦>X¥Z¤;�X4W®;�34i¤Z@W®;\5<;\j^1»pQ|Ùj@Z�X¥Z@WYX4¦�l^8:X»p@XÐ; U 57/@8:X©;\W

(st, at,

st+1)
p@143 U 5<¨k69Z[;z8:X4W(; U 6kZ@WY5<;\5:ikZ^W U X4Z^34ikZ¤; U 14X4W °,� 3"¾G6934j^Z»p@X`3¥X4W«; U 5:/^8:X©;\WzX4W¬;Ã6kWÖWYia3¥5:14X`876�/ U iklG69l@5:8:5<;"1

p



�(�g�K�¨§a© ?U���cQRCH�@LONÆG�GR?&�oCÃBD?MLhCH�cL+���o�
QÙBDCHGÃ�9Q�EeNÆ�c?MLhC��
Q�G § ;

p^X�876Ã; U 69Z@WY5<;\5:ikZ °0s X©;Y;\X�/ U i¤l^69l@5:875<;\1�X4W®;�¦�5:WYXzâ«ª¬ikj U X4ZÂÔÕikZ^3©;\5:ikZ�p@X�8¶|ÙX©Àm/21 U 5:X¥Z@34X U 14X48:8:X�p^X�8¶|Ó69nkX4Z[; °0s X
¦�iap@¿¥8:Xop@X]8¶|ÙX4Z¤¨@5 U ikZ@Z^X4¦>X¥Z¤;�X4W®;e69/@/ U 5:W(p@Xo¦Â69Z@5:¿ U Xo876M;\X¥Z¤;\XkÏ^5:Z@p^14/¯X¥Z@p^69¦�¦>X4Z[;(p^Xo876 U 1434ik¦�/¯X¥Z@WYX °
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WYX4Z[;"6M;\5:ikZ�â>lG69WYXop^X]348769WYWYX4j U W�i�� U 69Z[;z876>/¯ikWYWY5:l@5:8:5<;"1]p@X]nk14Z^1 U 698:5:WYX U4°¯s X©;Ö;\X]/ U 14WYX4Z¤;"6M;"5:ikZ»X4W®;z5:Z@WY/@5 U 1¥X
p^X]{S69Z@Ü45 µ §9¢k¢k¢ · °

{QX�;"6kl@8:X¥69jÒ§ °0/ ¦�ikZ¤; U X*j@Z X©ÀmX4¦�/@8:X*p@X U X4/ U 14WYX4Z¤;"6I;\5:ikZ�;"69l^j@87695 U X¼p×|Ùj@Z^X¼ÔÕikZ^3©;\5:ikZ p^X¼ÑajG698:5<;\1 °
w Z@X(;"X48:8:X U X4/ U 14WYX4Z¤;"6M;"5:ikZ�;©69l@j^87695 U Xz/2X4j0;«Û©; U X�; U 69p^j@5<;\XeX4Z�j^Z�X4Z^WÖX¥¦�l@8:Xep@X(; U 5:/@8:X$;\W�WY5<;\j^6M;"5:ikZ0¹�6k3©;\5:ikZm¹
Ñ0j^698:5<;"1 °

q 6kZ@Wx34X©;Y;\X U X4/ U 14WYX4Z¤;©6M;\5:ikZQÏ¤8:X¥W U ¿4nk8:X4Wx34i UYU X4WY/¯i¤Z@p^69Z[;�âo34X4W´; U 57/@8:X©;\WxWY5<;\j^6M;"5:ikZ0¹�6k3©;\5:ikZm¹ ÑajG698:5<;\1(WYikZ[;
U X4/ U 1¥WÖX¥Z¤;\14X4Wop@X�¦�69Z^5:¿ U X�X©À@¾^69j@W®;\5á¨[XkÏà34ik¦>¦�X�p^69Z^WÃ8:X�;"69l^8:X¥69j�§ ° 3 °Qq 69Z^WÃ34X©;]X$ÀmX4¦�/@8:XkÏàZ@ikj^WÃ34ikZ^WÖ5á¹
p^1 U ikZ^W(ÑajQ|Ù5:8×ZQ| ­ 6�/^69W(p×|Ó69j0; U X4W(WY5<;\j^6M;"5:ikZ@W(Ñaj^Xo34X48:8:X]Ñ0j@5QWYikZ¤;z/ U 14WYX4Z[;\14X4W °

T ikj U ;"69Z[;+Ï@8:X¥W(W ­ W®;\¿4¦>X¥W«p^Xo348769WYWYX4j U W(WYikZ¤;zp@1©¨[ik87j@W�â�p^X4W(/ U i¤l@8:¿4¦�X4W(p^69Z@W(8:X¥WÖÑ0j@X48:W(8:X¥W(WÖ5<;"j^6M;\5:i¤Z@W
WYX`34ik¦>/2ikWYX4Z¤;ep@X]/@8:j^WY5:X4j U Wz6M;Ö; U 5:l@jm;\W U X4/ U 14WYX4Z¤;©69Z¤;e69jm;"69Z¤;ep@X]/ U ik/ U 5:1$;\14W�/¯X U 34X4/m;\5:l@8:X¥W(p^X]8¶|ÙX4Z¤¨@5 U ikZm¹
��� L ���="2����,> R�����{�*T<�*
���,.����3<��#����!������%�����J�ú4	{Sq -;<#���%2��J2��/�;�
+3< R
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Q�G

.05<;\jG6M;\5:ikZ � 3©;\5:ikZ �Ãj^69875<;\1
¢.¡"¡B¡	 " B �¤ ¢� �¤ ¢ ° ßmÝ
¢- �¡� " " k¡�¤ ¢� �¤ ¢ ° ßmÝ
¢.¡"¡� " �¡B¡�¤ ¢� �¤ ¢ ° ßmÝ
¢- " k¡"¡"¡� �¤ ¢� �¤ ¢ ° £k§
¢.¡	 k¡"¡	 B �¤ ¢� �¤ ¢ ° £k§

§4¨	©c£Êí<Ë Y�¥	þ�¸�¨7½�§­¾©¾�«V·<¾Û¨
±�·o±�ª�«7½0´Æ¾�«7µD´p»V·K²Ç»Vª­ª³§­¾�¬<»V·o¯9«V·MµtÁ=½�«=ª³§O¬�ª³±Ç¾H§�·Mµ�«7µD´p»V·)µ�«
¼�º<½S«V´¶ª³§°¯
§°½S«1µ�«
¼�½¿§
íqË�ø�Ë.Ì�§�ºq½¿§­¾Ù½�§­¾Ùªh¸�¨7½¿§­¾J²³»V·�²­§�ª­·�«V·Mµj½�Ö «9²Hµp´p»V·¯ÿ����m¾�»V·Mµf´¶·�¯V´pÀ�ºM±Ç§­¾HË

s ikZ@p^5<;\5:ikZ � 3©;\5:ikZ �Ãj^698:5<;\1
¢I¦ ¡�¦"¦"¦B¦B¤ ¢- �¤ ¢ ° ßmÝ
¢I¦? �¦"¦"¦B¦B¤ ¢- �¤ ¢ ° £k§

§4¨	©c£�íqË¦é
¥���±�·o±�ªh«7½Õ´Æ¾�«7µp´p»V·)¯
§­¾Ùµpªh»V´Æ¾t¬�ª³§�¹°´�¸�ªh§­¾Ùªh¸�¨7½¿§­¾J¯
§J½S«=µ�«
¼�½¿§ÙíqË Y

Z@X4¦�X4Z¤; °×~ 8xX4W®;�698:i U W`/2ikWYWY5:l@8:XÂp@XÂp@57¦>5:Zaj^X U 8:X�Z@ik¦�l U XÂp@X U ¿4nk8:X¥W`X¥Z�j0;\5:8:5:W\69Z[;�p^X4W`W ­ ¦�l¯ik87X4W9¦ � H>Z@X
ÔO695:W\69Z¤;z/2i U ;\X U 69j@34j^Z@Xo34i¤Z¤; U 695:Z[;\XoWYj U 876�¨¤698:X4j U p@Xo3¥X U ;"695:Z^W�6M;Ö; U 5:l@jm;\W °

q 69Z@Wx8¶|ÙX©À@X4¦>/^8:X(p@X(876e;©69l@8:Xz§ ° 3^Ï9; U ik5:W U ¿¥nk8:X4Wx/ U ik/2ikW\69Z¤;�8¶|Ó693$;\5:ikZ÷¢� �¤`WYikZ[;�3 U 14p^5<;\14X4WxpQ|Ùj^Z@X(Ñaj^6k8:5<;\1
p@X

0.81
°Sq X4j0À�69j0; U X4W]i¤Z¤;�j@Z^X�Ñaj^69875<;\1�p@X

0.72
X©;�ÔOikZ¤;�5:Z[;\X U ¨[X¥Z@5 U 876»¦>Û4¦�XÂ693©;\5:ikZ °Sq 69Z@W`3"¾^6k34j@Z^X

p@X4W(; U ik5:Wz/ U X4¦>5:¿ U X4W U ¿4nk8:X4W¥Ï¯34X48:8:X¥Wzp@X`Ñ0j^698:5<;"1
0.81

Ï¯8:X`p^X4j0À@5:¿4¦>X�6M;Ö; U 5:l@j0;�¨¤69j0;�¡ °2rÃU ÏGpG69Z@Wz8:X4Wzp^X4j0À
p@X U Z@5:¿ U X4W U ¿4nk8:X¥Wz/ U ik/¯ikW\69Z[;e876Â¦�Û4¦>X�693©;\5:ikZ¼¦Â695:We64¨[X¥3�j@Z@X�Ñaj^6k8:5<;\1�p@5��21 U X4Z¤;\X¤ÏG34X$;Ã6I;Ö; U 5:l^j0;z¨k69j0;j  °
{×Xep@X4jmÀm5:¿4¦>XÃ6M;Ö; U 5:l@jm;u/2X U ¦�X©;up^ikZ@3Ãâ�8:j@52WYX4j@82p@Xep@5:WY3 U 5:¦>5:Z@X U 8:X¥W�WY5<;\jG6M;\5:ikZ@Wup^6kZ@W�8:X4WYÑaj^X48:8:X4Wu8¶|Ó693©;"5:ikZ
¢� �¤Â6>j@Z@X]Ñaj^698:5<;"1op@X

0.81
p@X4W(WY5<;\j^6I;\5:ikZ@W(pG69Z@W(8:X4WYÑaj^X48:8:X4W�34X©;Ö;\X`693©;\5:ikZ�6>j@Z@XoÑ0j^698:5<;"1op@X

0.72
°

v Z�5:p@X4Z[;\5áØG6kZ¤;u8:X4W�6M;Y; U 5:l^j0;\W�Z@ikZ�/2X U ;"5:Z@X4Z¤;"W�/^6 U p@X4W�W ­ ¦�l¯ik8:X¥W�¦��
J9Ïa5:8¯X4W®;�/2ikWYWÖ5:l^8:X�p^X U X4/ U 14WYX4Z¤;\X U
3"¾^6kÑaj@X`n U i¤j@/¯X`p^X`WÖ5<;"j^6M;\5:i¤Z@We64¨[X43`j@Z^X`WÖX¥j@8:X`34ikZ^p@5<;\5:i¤Z °G� 5:Z^WY5¶Ï^pG69Z@Wz8¶|ÙX©ÀmX4¦�/@8:X`p^X]8�6>Ø^nkj U X�§ °S; ÏG8:X¥W
; U i¤5:W�/ U X4¦>5:¿ U X4W U ¿4nk8:X¥W�WYikZ¤; U X4¦>/^87693414X¥W�/^6 U j@Z)j@Z@5:Ñ0j@XÂ3¥8769WYWÖX¥j U ¢I¦ ¡�¦"¦"¦B¦B¤í¢� �¤£¡��	�? kÏSX©;�8:X4W�p^X4j0À
69j0; U X4W(/^6 U 8:Xo3¥8769WYWÖX¥j U ¢I¦? <¦B¦"¦B¦B¤÷¢� �¤a¡
���Bô °

v Z U 14WYj@¦>1¤ÏSp^69Z^W :zs .2ÏCj@Z^XÂ/ U 1¥p@5:3©;"5:ikZùñ�X4W®;�69WYWYia345:1¥X�â�3"¾^69Ñaj^XÂ34876kWÖWYX4j U ¶K¸<¹IºB»<¼�»0¸2¹ ½B¿2¼�»0¸2¹ °
v 8:8:XÂ/ U 14p^5<;�876 U 1434i¤¦>/¯X¥Z@WYX�6M;Y;\X4Z@p^j@XÂÑ0j^69Z@p)8¶|Ó693©;\5:i¤Z)WY/¯14345:Ø^14XÂ/G6 U 87XÂ34876kWÖWYX4j U X4W®;�X4Z¤; U X4/ U 5:WYXÂp^69Z^W
3"¾^6k34j@Z@Xxp@X4WCWY5<;\j^6M;"5:ikZ@WC69/^/^6 U 5714X4WC64¨[X¥3xWY6(/^6 U ;\5:X�¶K¸2¹KºB»<¼�»(¸<¹ °+� 5:Z@WY5¶ÏM698:i U WCÑaj@Xx8:X`A.G³�Æ�����Rà,�DàMñ�;"69l@j^87695 U X
34ikZ^WÖ5:p^¿ U Xup@X4WÚ; U 5:/@8:X$;\W

(s, a, q) ∈ S×A×< /¯ikj U ¦>i0p@148:5:WYX U 876eÔÕikZ@3$;\5:ikZ Q : S×A→ < Ï98:X4W�W ­ W®;\¿¥¦>X4Wp@X>34876kWÖWYX4j U W]34ik¦>¦�X :zs .*34ikZ^WÖ5:p^¿ U X4Z[;`p@X4W]348769WYWYX4j U Wb¶I¸<¹Kº�»�¼�»0¸<¹ ½B¿2¼�»(¸<¹«ñ ° {S6Ð/^6 U ;\5:X ¶K¸2¹Kº�»�¼�»(¸<¹
/¯X¥j0;»34ikZ¤;\X¥Z@5 U p@X4W�W ­ ¦�l2ik8:X4W7¦�X©;»Û©; U X�69/^/^6 U 5:14X�64¨[X43�/^8:j@WY5:X4j U WÐWY5<;\j^6I;\5:ikZ@W¥ÏuX©;»876�/G6 U ;\5:XË½�¿<¼�»(¸<¹
U X4/ U 14WYX4Z¤;"X�876�3¥ik¦>¦Â69Z@p@X�WÖj U 8:X4W�XX�2X43©;\X¥j U W ° {S6�/ U 14p^5:3©;\5:ikZ÷ñ 3¥i UÖU X4WY/2ikZ@p×Ïup^69Z^WÐ876);\X U ¦>5:Z@i¤8:iknk5:X
j0;"5:8:5:WÖ1¥X�p^69Z^Wz8:XËA.G³�Æ�����Rà,�DàMñkÏ¯69jmÀ»Ñ0j^698:5<;"14We69WYWYia3¥5:14X4WÃ69j0À�34ikj^/@8:X4WeWY5<;\j^6I;\5:ikZ0¹¬693©;\5:ikZ °2T ikj U ¦�6MÀ@5:¦>5:WYX U
876 U 1434ik¦�/¯X4Z^WYXÐ6M;Ö;\X¥Z@p@j^XkÏÚÑajG69Z@p#5:8�/2X U ²4ik5<;�j^Z@XgWY5<;\jG6M;\5:ikZQÏ :zs .)WY148:X43©;"5:ikZ@Z^Xg8:X¥W�348769WYWYX4j U W�p@ikZ¤;�876
� L�
 ��8!#��7�!%�Éa��T�,�10/��R���c»kJ2#�����
:�! -;����=�!�!�R�)%�����34' ��
�
��� R1�%&
:��"0��%&���);!
{5�
�����/�,> ����)� { ��/U R�+����#

: R/�;�|&?�M�?�M ~ ?� V��O;D�*T<,710/����X»>���*
O��"<"2�!�� �G7������#�;('  -,."0/!��
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/G6 U ;\5:XX¶K¸<¹IºB»<¼�»0¸2¹�X4W®;«69/^/^6 U 5714Xe64¨[X43e876`WY5<;\jG6M;\5:ikZ °a~ 8¯3"¾^ik5:WÖ5á;uX4Z^WÖj^5<;\Xz8¶|Ó693©;"5:ikZgp@j�348769WYWYX4j U WY148:X43©;"5:ikZ@Z^1
Ñ0j@5×6>876�/^8:j@W(n U 69Z^p@Xo/ U 14p^5:3©;\5:ikZ�ñ °

{QX(/ U ikl@8:¿¥¦>X«p^X(876Ãn¤14Z@1 U 698:5:W\6M;\5:ikZ�pG69Z@Wxj@Z�W ­ W¬;"¿4¦>X(p@X(348769WYWYX4j U WV34ik¦�¦>X :zs .�34ikZ^WY5:W¬;"X�âz; U ikj0¨[X U
8:X¥W`/G6 U ;\5:X¥W`¶I¸<¹IºB»�¼�»0¸2¹�X$;¬½�¿<¼�»0¸2¹�p@XÂWYi U ;"X�Ñ0j@XÂ8:X4W�W ­ ¦�l2ik8:X4WÐ¦*WYik5:X4Z¤;�l@5:X4Z�/^87693414W °CT ikj U 3¥XÂÔO695 U XkÏ
:es .gjm;\5:8:5:WYXop@X¥W(698:nki U 5<;\¾@¦�X4W(nk14Z^1©;\5:Ñ0j@X4W ��³ /¯ikj U ÔO6k5 U Xo1©¨[ik87j@X U j@Z@Xo/2ik/@j^876M;\5:ikZ�p^Xo348769WYWYX4j U W¥Ï@34i¤Z@ÔÕi U ¹
¦�14¦>X¥Z¤;�69jÐW®; ­ 8:X^� º 5:3"¾^5:n¤69ZÏ��� Õ °^s ¾G69Ñaj^Xe3¥8769WYWÖX¥j U X4W®;(j@ZÐ5:Z@p^5<¨m5:p@jÐÑaj^52X¥W¬;(1©¨¤698:j@1z;"ikj0;�69jÐ8:ikZ^n�p^X
8¶|Ù57Z¤;\X U 6k3©;\5:ikZ�p@XÃ8¶|Ó69nkX4Z[;�64¨[X43o8¶|ÙX4Z¤¨@5 U ikZ@Z^X4¦>X¥Z¤; °@T ikj U 34X$;Ö;\XÃ1©¨¤698:j^6M;"5:ikZQÏm34ik¦�¦>XÃ5:8:8:j^W®; U 1Ã/^6 U 876�ØGnkj U X
§ ° ÞmÏ@ikZ»8:j@5S69WYWÖi0345:X�=

� j^Z@X>/ U 14p@5:3$;\5:ikZ±ñ*Ñaj@5 U X¥/ U 14WYX4Z[;\X>8:X>34j@¦�j^8´p@X4W U 1434ik¦�/¯X4Z^WYX4Wo5:¦�¦>14p@5�6M;\X4W]X©;`ÔÕjm;\j U X¥W]âÐ/^6 U ;"5 U
p^X4W(34ikj^/@8:X4W

(s, a)
3¥ikj0¨[X U ;\W(/^6 U 8:Xo34876kWÖWYX4j U �

� j^Z@XoX UÖU X4j U Â>Ñ0j@5 U X¥/ U 14WYX4Z[;\Xo8¶|ÙX UYU X4j U X4W®;\5:¦>1¥XoWYj U 8�6�/ U 14p@5:3$;\5:ikZ�/F�
� j^Z@Xe¨k698:X¥j U WÖ1¥8:X43©;\5<¨[X¬Á>Ñ0j@5QX4W®;�ÔÕikZ@3©;"5:ikZ�p@Xo8¶|ÙX UÖU X4j U p@Xo/ U 1©¨m5:WY5:ikZ ° .m5à8¶|ÙX UÖU X4j U X4W®;�n U 69Z@p@X¤Ï@698:i U W
8�6�¨¤698:X4j U WÖ1¥8:X43©;\5<¨[X]X4W®;�Ô 695:l@8:X]X©;�5:Z[¨[X U WYX4¦�X4Z¤; °

{×X4Wgik/21 U 6M;\5:i¤Z@W�p^X¼¦>5:WYX*â»ª¬ikj U p^X¼34X4Wgp@5��21 U X4Z¤;\WgX4W®;\5:¦Â6M;\5:ikZ^W�X$;Ð8:X4W�¦�iap^6k8:5<;\14WgpQ|Ó6k/@/@8:5:3+6M;\5:ikZ p^X
8¶|Ó6k8:nki U 5<;\¾^¦>X]nk14Z^1©;\5:Ñaj^XoWYikZ[;�p@1©;©695:8:8:14X4W�/^6 U(Á jm;\ÜoX©;(Å�5:8:WYikZ µ §9¢k¢¤§ · °

Ç i¥¨k6934W µ Ý¥ÞkÞ¤£ · 6�¦�ikZ¤; U 1�Ñaj@X :zs .`p@1434ikjm¨ U X�p@X4WÚ348769WYWYX4j U WSØ¯69l@8:X¥WCX©;´69j^WÖWY5ank14Z^1 U 69j0À`Ñ0j@X�/¯i¤WÖWY5:l^8:X °
w Z)34876kWÖWYX4j U X4W®;�p@5<;�ØG69l^8:X�WY5¶ÏÚp^69Z^W�3"¾^69Ñ0j@XgWÖ5<;"j^6M;\5:i¤Z�69/^/^6 U 5:14XÐ64¨[X43g876�3¥ikZ@p@5<;"5:ikZQÏÚ3"¾@i¤5:WÖ5 U 8¶|Ó6k3©;\5:ikZ
/ U ik/2ikWY14XÂ¦>¿¥Z@X>;\ikj9ª®ikj U W�X��àX43©;\5<¨[X¥¦>X4Z¤;>69j�¦�Û4¦>XÂ3¥j@¦�j^8xp@X U 1¥34ik¦>/2X4Z@WYX4W¥ÏS3k|ÙX¥W¬;Y¹�âM¹ p^5 U XÂWY5Xñ�/ U 14p^5<;
l^5:X4Z�876]Ñaj^698:5á;\1�69WYWYia345:1¥X�âe;\i¤j@Wx8:X4Wx34i¤j@/@8:X¥WVWY5<;\jG6M;\5:ikZm¹�693©;\57ikZ�34i UÖU X4WY/2ikZ@p^6kZ¤;�69j�3¥8769WYWÖX¥j U4°[w Z�348769WYWYX4j U
Ø¯69l@8:X�6*p@ikZ^3Ðj@Z@XÐX UÖU X¥j U Â�ÔO695:l@8:XÐX©;�j^Z@XÂ¨¤698:X4j U WY148:X43$;\5<¨[XÏÁ�148:X©¨a14X ° {×X4W�3¥8769WYWÖX¥j U W�; U ik/#nk14Z^1 U 69jmÀ
X$;»Ñaj@5Ã34i UYU X4WY/¯ikZ^p@X4Z[;»â�p^X4WÐ34ikj^/@8:X4W�WY5<;\j^6M;"5:ikZ0¹�6k3©;\5:ikZÒ64¨aX43�j^Z@X�Ñaj^698:5<;"1�p@5��21 U X4Z¤;\X�WYikZ¤;»1¥8:5:¦>5:Z^14W
/G6 U 8¶|Ó698:nki U 5<;"¾@¦>Xen¤14Z@1©;"5:Ñaj@X °mv Z�XX�2X©;+Ï0j@Zg348769WYWYX4j U 69/@/G6 U 5:1Ã64¨[X43e/^8:j@WY5:X4j U W�34ikj@/^8:X4W

(s, a)
â�p@5��à1 U X4Z¤;"W

Z^5<¨[X¥69jmÀop^X U 1¥34ik¦>/2X4Z@WYX�6M;Ö;\X¥Z@p@j^XVZQ|ÙX4W®;Ú/^69W×Ø¯69l@8:Xx/^6 U 34XVÑ0jQ|Ù5:8[X4W®;×; U ik/`nk14Z@1 U 698 °+� 5:Z@WY5¶Ï :zs .onk1¥Z@1 U 698:57WÖX
X¥Z)ÔÕikZ^3©;\5:ikZ�p@X�876¼/ U 14p@5:3©;"5:ikZ)p^X�876 U 1434ik¦�/¯X4Z^WÖXg6I;Ö;\X4Z^p@j@X�X$;�5:8�jm;\5:8:5:WYX�8:Xg3 U 5<;"¿ U X�p^XÂØG6kl@5:8:5<;\1g/¯ikj U
WY148:X¥3©;\5:ikZ^Z@X U 8:X4W(348769WYWYX4j U W�69p@1¥Ñaj^6M;"W °

q XÃ/@8:j@W¥Ï034i¤¦>¦>Xe8¶|Ùi¤Z¤;«¦�ikZ¤; U 1 Á jm;\ÜeX©; T X48:5:ñI69Z µ §9¢k¢@Ý · Ï08¶|Ó6987nki U 5<;\¾^¦>XÃnk14Z@1$;\5:Ñaj@XÃp@X :zs .�ÔO64¨[i U 5:WYX
8:X>¦�6k5:Z¤;\5:X4Z�pG69Z@Wo876Ð/2ik/@j@8�6M;\5:ikZ�p@X4Wo3¥8769WÖWYX4j U Wo8:X¥Wo/@8:j^Wonk14Z@1 U 69j0À °à� 5:Z^WY5¶Ïà8:X¥Wo348769WYWYX4j U WÃØG6kl@8:X4Wo¦Â695:W
Ñ0j@5@/2ikj UÖU 695:X4Z¤;xÛ©; U X«/^8:j@WVnk14Z^1 U 69j0À�WYikZ[;x148:5:¦�5:Z@14WVX$; :zs .�p@143¥ikj0¨ U X«p@X4WV348769WYWYX4j U W´ØG69l@87X4WxâÃj@Z�Z@5<¨[X¥69j
¦Â6MÀm5:¦Â698Qp@Xonk14Z^1 U 698:5:W\6M;\5:i¤ZQÏ@3k|ÙX4W®;Y¹�âM¹ p^5 U Xop@X4W(348769WYWYX4j U W(Ñaj^5àZ^XÃWYX U 695:X4Z¤;�/@87j@WuØ¯69l@8:X4W(W¥|Ù5:8:W(34ikZ¤;\X¥Z^695:X4Z[;
/^8:j@W�p@XzW ­ ¦�l¯i¤8:X4W�¦ °av Z�ikj0; U XkÏ :zs .�;\X4Z^p>¨[X U W�p@X4W�X4Z^WÖX¥¦�l@8:X¥Wxp^X�348769WYWYX4j U W�34ik¦>/^8:X©;\W¥Ï[iq÷�3"¾^693¥j@ZÂp^X4W
3¥ikj@/@87X4W

(s, a)
/¯ikWYWY5:l@8:X4W�X4W®;z69/@/G6 U 5:1`64¨[X43`69j�¦�ik5:Z@W(j^Z�348769WYWYX4j U4°

Ä^p�� rts ïqu_u�î2ûVýzí2üYË¯Ë^ïqv(ûÅwYïuí¯ûVý�í ��ï�ý�Ë wYûVË ËV�]Ë@í��VÍòûVË²��û ð�wÖï�ËGËGû´Ì�îàË
 �z��7z
y ¶t¡�¡�£0}��+�(�����2�=®+}����=��}��+�[}B�[®{¢��7¢�£0�+�����2���4���O�

q 6kZ@W�876eWÖX¥3©;\5:ikZÐÝ °0/m° §0Ï9Z^ikj@W´64¨[ikZ^W�5:Z¤; U iap@j^5<;´8¶|Ó6 U 3"¾^5<;\X43©;"j U Xa@���à@��Ñ0j@5034i¤¦>/ U X4Z@p�j^Z�¦�iap@j^8:X�pQ|Ó69/m¹
/ U X4Z¤;"5:WYWY69n¤X>/^6 UoU X4Z^ÔÕi U 3¥X4¦>X4Z[;`X©;`j^Z�¦>i0p@j@8:X�pQ|Ó69/^/ U X¥Z¤;\5:WYW\69nkX>876M;"X4Z¤; ° .05´87X4W]W ­ W®;\¿4¦>X¥Wop^X>34876kWÖWYX4j U W
� ´ ��/U R�+����#

: R/�;�|�?gM�*×:��/U R�+����#

: R/�;�|�?gM�? Ö�? }



3¤¢ ���@?���NOLOQHC^ÔI�Ï§tCHGJG.¥,GVLhPRI)CHG�E�CF��BD?9G�GRC��
Q�G
p@143 U 5<;\WÐ/@8:j@WÐ¾^69j0;�/¯X U ¦>X©;Y;\X4Z¤;�pQ|Ù5:Z[; U iap^j@5 U X*j@Z^X¼nk1¥Z@1 U 69875:WY6I;\5:ikZ /2ikj U 8¶|Ó69/@/ U X4Z¤;"5:WYWY69n¤X*/^6 UgU X4Z^ÔÕi U ¹
34X4¦�X4Z¤;Ðp@5 U X43©;+Ï�5:8:WgZQ|Ó69l2i U p@X¥Z¤;g/G69W�876�Ñaj^X4W®;\5:ikZ p@X¼8¶|Ó69/@/ U X4Z[;\5:WYWY6knkX¼876M;\X¥Z¤; °�} ikj^W�Z@ikj^W�/ U ik/¯i¤WÖikZ^W
pQ|Ùjm;\5:8:5:WYX U 876¼nk14Z@1 U 698:5:W\6M;\5:ikZ�;\X¥8:8:X�Ñaj×|ÙX48:8:X�X¥W¬;�p^1$Ø^Z^5:X�p^69Z^W�8:X¥W�W ­ W®;\¿¥¦>X4W�p^X�348769WYWYX4j U W�p^X�¦�69Z@57¿ U Xgâ
U X4Z^p U XÐ/^8:j@W>34ik¦�/^693©;ÂX©;�57Z¤;\X48:8:5:n¤5:l@8:X�8:X U 14WYj@8<;©6M;�p@X�8¶|Ó69/@/ U X4Z¤;\57WÖW\69nkX�pQ|Ùj^Z#¦�iap@¿48:X�p@X4W>5:Z¤;"X U 693©;"5:ikZ@W
X4Z¤; U Xo8¶|Ó69nkX¥Z¤;zX©;�WYikZ»X4Z¤¨m5 U ikZ@Z^X4¦>X4Z[; °

� 3"¾G69Ñaj@Xo/G69W«p^Xz;"X4¦>/^W4Ï@X4Z�/^8:j@W«p×|Ùj@Z@X U 143¥ik¦>/2X4Z@WYXkÏ@8¶|Ó69nkX¥Z¤; U X¥²4ik5<;�876�WY5<;\jG6M;\5:ikZ U 1¥WÖj^8<;"69Z¤;�p^XÃW\6
p@X U Z@5:¿ U X�693©;"5:ikZ ° {S6�3¥ikZ@WY14Ñaj^X4Z@3¥X�p×|Ùj@Z@X>693©;\57ikZ�ZQ|ÙX4W®;]p@ikZ^3�/^6kWÃWYX4j@8:X¥¦>X4Z¤;]876 U 143¥ik¦>/2X4Z@WYX�6kWÖWYia3¥5:14XkÏ
¦�6957W�69j@WYWY5^876]Z@i¤j0¨[X48:8:X�WY5<;\jG6M;\5:ikZÂ/¯X U ²4j@X °as X4W U X¥876M;\5:ikZ^WxX4Z¤; U X�WÖ5<;"j^6M;\5:i¤Z@WxWYj@3434X¥WÖWY5<¨[X¥Wxp@ik5<¨aX4Z¤;�/¯ikjm¨[ik5 U
Û©; U X�¦>iap^148:5:WY14X4W�pQ|Ùj^Z@X�¦�6kZ@5:¿ U XzikjÂpQ|Ùj^Z@Xz69jm; U X °aq 69Z@W�34Xz3¥69p U X¤Ï[5:8GX4W®;�/¯ikWYWY5:l^8:X�pQ|Ùjm;\5:8:5:WYX U j^Z�W ­ W¬;"¿4¦>X
p@X�348769WYWYX4j U W]/2ikj U 69/^/ U X¥Z@p U X�j@Z�¦�iap@¿48:X�p^X>WYikZ�X¥Z¤¨m5 U i¤Z@Z@X4¦�X4Z¤;MÏQp^X�¦�69Z@57¿ U XÂâ�8:X�/¯ikj U ¨[ik5 U p×|Ùj@Z@X
3¥69/G69345<;\1Ââ»69Z¤;\5:3457/¯X U 8:X4W`Z@ikj0¨aX48:8:X4W]WY5<;\jG6M;\5:ikZ^W °Ss X�¦�iap@¿48:X�/¯X¥j0;`Û$; U X>jm;\5:8:5:WY1�p^69Z^W]j@Z@XÂ6 U 3"¾^5<;\X43©;"j U X
p@Xe; ­ /¯X�@���à@�Ã/2ikj U 6k3434148:1 U X U 8¶|Ó6k/@/ U X4Z¤;\5:WYW\69nkX]pQ|Ùj^Z@Xo/2ik8:5<;\5:Ñ0j@X °

T ikj U 6k/@/ U X¥Z@p U Xej^ZÂ;\X¥82¦�iap@¿¥8:Xep^Xe8�6�p ­ ZG69¦>5:Ñaj^Xep^X4Wu5:Z[;\X U 693$;\5:ikZ@W«X4Z¤; U XÃ8¶|Ó69nkX4Z[;(X©;(WÖi¤ZÐX4Z¤¨m5 U ikZ0¹
Z@X4¦�X4Z¤;MÏ ³ ik8:8769Z^p µ Ý¥Þ¤Þk¢ · 6Â/ U i¤/¯ikWY1�j@Z^X�69/@/ U ia3"¾^X�5:¦>/^8:5:345<;\X °àv Z*1©;\5:Ñ0j@X©;"6kZ¤;Ã8:X4We¦�X4WYW\69nkX4We5:Z¤;"X U Z@X¥W4Ï
5:8SX4W®;Ã/¯ikWYWY5:l@8:X`p^X`WY/¯143¥5áØ^X U WY5Sj@Z^X�693©;"5:ikZ�/2ikW¬;"14X`WYj U 8�6�8:5:W®;\X`p^X4Wz¦>X4WYW\69nkX4WzX4W®;ej^Z@X�693$;\5:ikZ�XX�2X43©;\5<¨aXkÏ
j@Z^X�6kZ¤;\5:345:/G6M;\5:ikZ�ikj�j^Z�¦>X4WYW\69nkX»5:Z¤;\X U Z@X�Ñaj@X¥8:34ikZ@Ñ0j@X °´� /@/ U X4Z@p U X�â�/¯ikW®;\X U p^X4W�¦>X4WYW\69nkX4W�5:p@X¥Z¤;\5<¹
Ø^14W>34ik¦�¦>XÐp^X4W�69Z¤;\5:3¥5:/^6M;\5:i¤Z@W>X©; U X�cG1©;"69Z[;�p@XÐ¦Â69Z@5:¿ U XgØG69l@87XÐ8:X4W>34ikZ@WY14Ñ0j@X4Z@3¥X4W�p^X4W�693©;\5:ikZ^W¥Ï�3k|ÙX4W®;
69/@/ U X4Z^p U X�j^Z�¦�iap@¿48:X>p@X>WYikZ�X¥Z¤¨m5 U ikZ^Z@X4¦�X4Z¤; °Qy 5:ik8:i µ Ý¥ÞkÞ¤¢ · 6g¦�5:WoX4Z�69/@/@8:573¥6M;\5:ikZ�3¥X©;Ö;\X>5:p@14X>p^69Z^W
su± . s § °Qt ikj0;"X4ÔÕik5:W¥ÏQ34X>W ­ W®;\¿4¦�X>X4W®;`34ik¦>/^8:X©ÀmX>X©; U X¥34ikj U ;`â�; U ik5:We; ­ /¯X4W]p@X>348769WYWYX4j U WoX©;o; U ik5:W]ÔÕi U 34X¥W
p@5��à1 U X4Z¤;"X4W °

T 8:j@W�WY5:¦>/^8:X�X©;»/¯X U ¦>X©;Y;"69Z¤;»p@X U X4/ U iap^j@5 U X�8:X4W�¦>Û¥¦>X4WÐX$Àm/¯1 U 5:X4Z@3¥X4W¥Ï �zs . µ .a;\ik8:Ü4¦Â69Z@Z×ÏeÝ¥Þ¤Þkß ·
5:¦>/^8:14¦>X¥Z¤;\X�876�;\¾^14i U 5:X�p@X ³ i��2¦Â69Z@Z µ Ý¥ÞkÞ / · 34ikZ^34X U ZG69Z¤;Ã8:X`34i¤Z¤; UÖÿ 87X`p^j�34ik¦�/¯i U ;\X4¦>X¥Z¤;Ã69Z^5:¦�698C/^6 U
8¶|Ó69Z¤;"5:345:/^6M;"5:ikZ °Ss X�W ­ W®;\¿¥¦>X>6Iª®ikj0;\X�69jmÀ*3¥8769WYWÖX¥j U Woj^Z@X�/G6 U ;\5:X�ÀKÁ Á Â0¼�Ñ0j@5´/¯X U ¦�X©;]p^X U X¥Z@p U X�34ik¦�/0;\X
p@X4W>3"¾G69Z@nkX4¦�X4Z¤;\W>/¯X U ²4j@W>p^69Z@W>8¶|ÙX4Z¤¨@5 U ikZ@Z^X4¦>X¥Z¤; ° .@69Z@W�3¥X©;Ö;\XÐ/^6 U ;\5:XÐWYj@/^/@8:14¦�X4Z¤;"6k5 U XkÏ�8:X4W>W ­ W®;\¿4¦>X¥W
p@XÐ348�69WÖWYX4j U W>34ik¦�¦>X :zs .)Z@XÐ/2X4j0¨aX4Z¤;�Ñaj×|Ùi�� U 5 U j@Z@XÐ/ U 14p@5:3©;"5:ikZ#34i¤Z@34X U Z^69Z¤;�j^Z@XÐWYX4j@87XÂ¨¤698:X4j U�µ X4Z
8¶|Ùia343¥j UÖU X4Z@34XkÏ^876�¨¤698:X4j U p@Xo876 U 1434ik¦�/¯X4Z^WYX]6M;Ö;\X4Z^p@j@X ·©°GreU Ï@/¯ikj U 69Z¤;\5:3¥5:/¯X U j@Z^XÃWY5<;"j^6M;\5:ikZ×Ï@5:8×ÔO69j0;zÛ©; U X
3¥69/G69l@8:X�p^X�/ U 14p^5 U X�/@8:j^WY5:X4j U Wo¨k698:X4j U W¥Ï×j@Z^X�/^6 U 6M;Ö; U 5:l@jm;`p^X4W`WÖ5<;"j^6M;\57ikZ@W ° {S6�Z@ikjm¨[X48:8:X�/G6 U ;\5:X ÀKÁ4ÁKÂ�¼
¦>i0p@148:5:WYX(8:X¥Wx3"¾^6kZ@nkX4¦�X4Z¤;\WxWYj U ¨[X4Zaj^Wxp^69Z^Wx8¶|ÙX4Z¤¨m5 U ikZ@Z^X4¦>X4Z[;�8:i U WYÑ0j@X�8¶|Ó693©;\5:ikZÂWY/214345áØ^1¥X(/^6 U 8:X�348769WYWYX4j U
X4W®;>X4Z¤; U X4/ U 5:WÖXgpG69Z@W�j@Z@XgWY5<;\j^6M;"5:ikZ#69/^/^6 U 5:1¥XÐ64¨[X43gW\6¼/^6 U ;\5:X�¶K¸2¹Kº�»�¼�»(¸<¹ ° {×X4W�348769WYWYX4j U W�¶K¸2¹Kº�»�¼�»(¸<¹
½B¿2¼�»(¸<¹FÀKÁ4ÁKÂ�¼�34i UÖU X¥WÖ/2ikZ@p^X4Z¤;�69jmÀ); U 5:/@8:X©;"W

(st, at, st+1)
j0;\5:8:57WÖ14W�pG69Z@W�@Â�
à@�BADC-¦�6k5:W�i�� U X¥Z¤;�j@Z@X

3¥69/G69345<;\1]p@X]nk14Z@1 U 698:5:W\6M;\5:ikZ °
q 69Z@W�876�WYX43©;"5:ikZ�WYj@5<¨¤69Z¤;\X¤Ï�Z^ikj@W>p^143 U 5á¨[ikZ@W�8:X�ÔÕi U ¦Â698:5:WY¦>X»X©;Â8:X�ÔÕikZ@3$;\5:ikZ@Z^X4¦>X¥Z¤;ÂpQ| ��s . °V} ikj^W

Z@XÂp^1©;"695:8:8:ikZ^W`57345xÑaj@XÂ8:X4W�¦>1¥3¥69Z@5:WY¦>X¥W`jm;\5:8:5:WY14W�/¯ikj U 8¶|Ó69/@/ U X4Z¤;\5:WYW\69nkXÂ8�6M;\X4Z¤; ° {´|Ó6k/@/ U X4Z¤;\5:WYW\69nkXÂp×|Ùj@Z@X
/¯i¤8:5<;\5:Ñaj^XoX©;�8�6�WY148:X43©;"5:ikZ»p@Xo8¶|Ó6k3©;\5:ikZ»ik/m;\5:¦�6987XoWYX U ikZ[;z69l2i U p^14W(p^69Z@W(8:X]3"¾^69/^5<; U X ;m°

 �z��7z*  ¶±ß[¤
 �z��7z ª �t}��lZ7}���£4���<�(�����7}���¡.�������������7}���}��¨�{��®+�+£4�*��Z���}��¨®+¢��7¢��(�����7}��

� ;"69Z¤;e5:Z@WY/@5 U 1]p@XÃ;\¾^14i U 5:X4W�/@W ­ 3©¾@ik8:iknk5:Ñ0j@X4W¥Ï ��s .�6>876�/^6 U ;"5:34j@876 U 5<;\1kÏ^/G6 U(U 69/^/¯i U ;eâ>p×|Ó69j0; U X4W(W ­ W¬¹
;\¿4¦�X4W(p@X]348769WYWYX4j U W4Ï^p@X]Z@X]/^69W(jm;\5:8:5:WYX U pQ|Ó698:nki U 5<;\¾@¦�X4W(nk1¥Z@1©;\5:Ñ0j@X4W�/¯ikj U 876�34i¤Z@W®; U j^3©;\5:ikZ»p@X]348769WYWYX4j U W



Ô����K�¨§a© ?U���cQRCH�@LONÆG�GR?&�oCÃBD?MLhCH�cLÛEo?
��GJBDCHGJG.¥,GVLhPHIKCHG�EoCF�HBD?9G�GHCq�
Q­G 3@Ý

Ø¯69l@8:X¥W4Ïa¦�695:W�pQ|Ùjm;\5:8:5:WYX U p^X4W�¾@X¥j U 5:W®;\5:Ñ0j@X4W � E ° .0/2143457698:57WÖX U Ï[3¤|ÙX4W®;�5:Z¤; U iap^j@5 U Xzj@Z^X�p@5:W®;\5:Z^3©;\5:ikZ�WYj@/@/^8:14¦�X4Z0¹
;©695 U XÂX4Z U X4¦>/@8�69²¥69Z¤;�j@Z^X�¨k698:X¥j U ¦*p^69Z^W`j@Z@XÂ/^6 U ;"5:X·¶I¸<¹Kº�»�¼�»0¸<¹�/^6 U j@Z@X>¨k698:X4j U /G6 U ;\5:34j^8:5:¿ U X °×��s .
U 1¥698:5:WYXxp^X4WCWÖ/2143457698:57WY6M;"5:ikZ@WCX©À@/@8:5:345<;"X4W¥Ï+/¯i¤j U 5:¦>/^8:14¦>X4Z[;\X U 876�Z@iI;\5:i¤Z`p@Xxp^5��21 U X4Z^34576M;\5:i¤Z`5:Z[; U iap^j@5<;\XxpG69Z@W
876`WYX43©;"5:ikZ¼Ý ° Ý ° § °ms X4W�WY/2143457698:5:W\6M;\57ikZ@W�X©Àm/^8:5:345<;\X4W�WÖi¤Z¤;unkj@5:p^14X4W�/G6 U 8¶|ÙX©Àm/21 U 5:X4Z^34Xe69j�8:5:X4j�p@X U X4/2ikWYX U p^X4W
¦�j0;"6M;"5:ikZ@W(X$;�p@X4W(3 U ik5:WYX4¦>X4Z[;\W�698:1¥6M;"ik5 U X4W °

 �z��7z�� |x}����O£(���+�����0��}��x«>¶£ß¨¤
s ik¦>¦�X�Z@ikj^W>8¶|Ó64¨[ikZ^W�p@5<;Â/ U 143414p^X4¦>¦�X4Z¤;+Ï´/¯ikj U>U 1¥698:5:WYX U 8¶|Ó69/^/ U X¥Z¤;\5:WYW\69nkX�876I;\X4Z¤;Âp@j�¦�iap@¿48:X�p^X

8¶|ÙX¥Z¤¨m5 U i¤Z@Z@X¥¦>X4Z¤;MÏ �zs .�69p9ª¬i¤5:Z¤;gj@Z^X»/^6 U ;\5:X¨ÀKÁ Á Â0¼#69jmÀ�348769WYWYX4j U W¥Ïx/¯ikj U /2X U ¦�X©;Ö; U X»pQ|Ó69Z[;\5:345:/2X U 8:X4W
3¥ikZ@WY14Ñaj^X4Z@34X¥WÐp@X4W»693©;\5:ikZ^WÐX©;»34i¤Z@W®; U j^5 U X*j^Z ¦�iap^¿48:X*p^X*8¶|ÙX¥Z¤¨m5 U i¤Z@Z@X¥¦>X4Z¤; °�� 5:Z@WY5¶Ïu/¯ikj U ¦�iap@14875:WÖX U
8¶|ÙX¥Z@WYX4¦�l^8:Xop^X4Wu; U 5:/^8:X©;\W

(st, at, st+1)
Ï ��s .gj0;"5:8:5:WÖX]p@X4W�348769WYWYX4j U W(34i¤¦>/ U X4Z^69Z[;«; U ik5:W(/G6 U ;\57X4W]=

� j^Z@X�/^6 U ;"5:X`¶I¸<¹IºB»<¼�»0¸2¹�Ñ0j@5Gª¬ikj@X�8:X�¦>Û4¦�X UYÿ 8:X�Ñaj@X�8:X4Wz/G6 U ;\57X4WD¶K¸2¹Kº�»�¼�»0¸<¹»p^6kZ@WzpQ|Ó6kj0; U X¥WzW ­ W®¹
;"¿4¦>X¥W�p^X�348769WYWYX4j U W»34ik¦�¦>X :es .ì=«X48:8:X�WY/¯14345:Ø^X�8:X�p@i¤¦�695:Z^X�pQ|Ó69/^/@8:5:3¥6M;"5:ikZÒp^jÒ348769WYWYX4j U X4Z
jm;\5:8:5:W\69Z¤;zp@X¥W(W ­ ¦�l¯i¤8:X4W'¦Â/2ikj U /2X U ¦�X©;Ö; U Xop@Xonk1¥Z@1 U 6k8:5:WÖX U �

� j^Z@Xo/G6 U ;\5:X^½B¿2¼�»(¸<¹gÑ0j@5QWY/¯1¥345áØ^Xo8¶|Ó6k3©;\5:ikZ»/ U ik/¯i¤WÖ1¥Xo/^6 U 87Xo348769WYWYX4j U �
� j^Z@X(/G6 U ;\5:XqÀKÁ Á Â�¼�Ñaj@5^p^143 U 5<;�8:X4Wx3"¾^6kZ@nkX4¦�X4Z¤;\Wx5:Z[;\X U ¨[X¥Z^69Z¤;�p^69Z^WV8¶|ÓX4Z¤¨m5 U i¤Z@Z@X¥¦>X4Z¤;�8:i U WYÑaj@X�8¶|Ó693©¹
;"5:ikZ»WY/¯143¥5áØ^14X]/^6 U 8:Xo3¥8769WYWÖX¥j U X4W®;�X¥Z¤; U X4/ U 5:WYXopG69Z@W(Z×|Ù5:¦>/2i U ;\X]8769Ñaj^X48:8:X]p@X4W(WY5<;\jG6M;\5:ikZ^W�69/^/^6 U 5:1¥X
64¨aX43]876�/^6 U ;\5:X¬¶K¸<¹IºB»<¼�»0¸2¹gp@j»348769WYWYX4j U¥°

q X4jmÀÐÔÕi U 34X4W(WYikZ¤;e69WYWÖi0345:14X4W�â>3"¾^69Ñ0j@X]348769WYWYX4j U =
� j^Z@X�ÔÕi U 3¥XÃÁ�� U X¥/ U 14WYX4Z[;"69Z¤;�876�ÑajG698:5<;\1�p^X�8¶|Ó69Z¤;\5:3457/^6M;\5:ikZ ° .@6»¦�5:WYXgâ>ª®ikj U X4W®;�p^143 U 5<;\X�pG69Z@W�876
WYX43$;\5:ikZ»WYj@5<¨k69Z[;\X��

� j^Z@XgÔÕi U 34X�Á���69WYWYia3¥5769Z¤;>j^Z@X U 1434ik¦�/¯X4Z^WYXg6M;Y;\X4Z^p@j@XÐâ¼3"¾^69Ñ0j@Xg348769WYWYX4j U¥°�v 8:8:XÐX4W®;>¦>5:WYXÐâÂª¬ikj U
3¥ik¦>¦�X�8:X�WYikZ¤;o8:X¥WeÑajG698:5<;\14WÃp^69Z@WÃ8:X A.Gh�Æ���q�Hà,�DàMñ µ ¨[ik5 U WYX43©;\5:ikZ�Ý ° § °0/¤· Ï2ikj*8:X4WÃ/ U 14p@5:3©;"5:ikZ@WepG69Z@W
:es . µ ¨[ik5 U WYX43©;"5:ikZ)§ °0/m° Ý ·©°Sv 8:8:X4W`WYikZ¤;�j0;"5:8:5:WY14X4W`/¯ikj U 8¶|Ó69/^/ U X4Z[;\5:WYW\69nkX�p×|Ùj@Z@X�/2ik8:5<;\5:Ñaj^XkÏ×X©;�ZQ|Ù5:Zm¹
cGj@X4Z[;�/^69W(WYj U 8¶|Ó69/@/ U X4Z¤;"5:WÖW\69n¤Xo876M;"X4Z¤;zp@143 U 5<;�5:345 °

Action Qualité de l’anticipation

Condition Effet Récompense attendue

[#0#1] [0] [#10#] fa=0.97 fr=0.81

 *¡p¢*£ÊíqË¶¤9¤9¥oÝjÒ
§�¹Î¬o½¿§Ø¯
§°²H½S«X¾Ç¾H§�º�ªJ¯9«V·<¾�\Ã¦@Ì�Ë

{QX¥W×348769WYWYX4j U WQZ^X´WYikZ¤;Cp@ikZ^3´/@8:j^WQp^X4W×348769WYWYX4j U W+¶I¸<¹IºB»�¼�»0¸2¹a½B¿2¼�»0¸2¹�ñÃ¦�6957WQp^X4W×348769WYWYX4j U W+¶K¸<¹IºB»<¼�»0¸2¹
½�¿<¼�»0¸<¹ÏÀIÁ4ÁKÂ�¼¨ÁKÂÃÁ�� °¯� 5:Z@WY5¶Ï¯j^Z�3¥8769WYWÖX¥j U p@X$¨m5:X4Z¤;Ã3+69/^69l^8:X�p@X�/ U 14p@5 U X`8:X¥WeZ@ikj0¨aX48:8:X4W�¨k698:X4j U Wep@X�/@8:jm¹
WY5:X4j U WÂ6M;Y; U 5:l^j0;\W ° {×6�ØGnkj U X¼§ ° ÝkÝ»p^ikZ@Z@X»j^Z�X©À@X4¦>/^8:X»pQ|Ùj@Z#;\X48(348769WYWYX4j U4° .05(8:X4W�XX�2X©;\W�WY/214345áØG14W�/^6 U
j^Z�34876kWÖWYX4j U WYikZ[;]WYikjm¨[X4Z¤;`X��2X¥3©;\5<¨[X4¦�X4Z¤;`ikl@WYX U ¨[14W¥Ï×698:i U W]WY6ÐÑajG698:5<;\1>pQ|Ó69Z[;\5:345:/G6M;\5:ikZ�WYX U 6Ðn U 6kZ@p@X ° {×X
¦�143¥69Z^5:WY¦>X�pQ|Ó69/^/ U X4Z[;\5:WYW\69nkX�876M;\X4Z[;ep×| ��s .»WY148:X43©;"5:ikZ@Z@X�34X¥Wz348769WYWYX4j U WzX©;Ã/¯X U ¦>X©;Ãp@ikZ^3`p^X`34ikZ^W¬; U j@5 U X
�AF NO	�S�;(' %&
: -�� -����"2�!� 34' �!���!/!�� R
:P<,.���(�)G�;�G�
: �$&%��)�43<��;<� ����"<����,> R�������������� R/�;�,>�! -� �R���4��ÉU
���;<�� R/�;2�43<��µ=%�
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3[§ ���@?���NOLOQHC^ÔI�Ï§tCHGJG.¥,GVLhPRI)CHG�E�CF��BD?9G�GRC��
Q�G
j@Z»¦>iap^¿48:XÃØ¯69l@8:X]p@Xo876>p ­ ZG69¦>5:Ñ0j@Xop@X¥W«57Z¤;\X U 6k3©;\5:ikZ^W(X4Z¤; U Xo8¶|Ó69nkX¥Z¤;zX©;�WYikZ»X4Z¤¨m5 U ikZ@Z^X4¦>X4Z[; °

{×X4W«/^6 U ;\5:X4W.ÀIÁ4ÁKÂ�¼ÂWYikZ¤;(34ik¦�/¯ikWY14X¥Wup×|Ó69j0;"6kZ¤;(pQ|Ó6M;Ö; U 5:l@jm;\WuÑaj^Xe87X4WuWY5<;\jG6M;\5:ikZ^WuX©;(/2X4jm¨[X4Z¤;(34ikZ¤;"X4Z@5 U
p@X4WoW ­ ¦�l¯i¤8:X4W�¦�X4Z�/@8:j^WÃp@X4Wz¨¤698:X4j U We/G6 U ;\5:3¥j@8:5:¿ U X¥WÃÑaj^X�/¯X4jm¨[X4Z¤;]/ U X4Z^p U X�8:X4Wo6M;Ö; U 5:l@jm;\WÃp^69Z@WÃ8:X4WÃp^5:Ô7¹
ÔÕ1 U X4Z¤;\X4W`WY5<;\jG6M;\5:ikZ^W`/¯ikWYWY5:l@8:X4W °Cw Z�W ­ ¦�l¯ik8:X@¦¼p^6kZ@W`j@Z^X�/^6 U ;"5:XçÀKÁ Á Â0¼*5:Z@p^5:Ñaj@XÂÑaj@X�8¶|þ6M;Ö; U 5:l^j0;�p@X�876
WY5<;\j^6I;\5:ikZ�8:j@5�34i UÖU X4WY/¯ikZ^p^69Z¤;]p@X4¦�X4j U X�5:Z@3"¾G69Z@nk1�8:i U WYÑaj^X�8E|Ó693©;\5:ikZ�/ U ik/2ikWY14X�X¥W¬;]3"¾@ik5:WY5:X ° .m5Ú876Â¨k6k8:X4j U
pQ|Ùj^Z�6M;Ö; U 5:l@j0;zp@X]876>/^6 U ;\5:X¬¶I¸<¹Kº�»�¼�»0¸<¹ÐZQ|ÙX¥W¬;z/G69W'¦¯Ï^6k8:i U W�8:X]348769WYWYX4j U 6kZ¤;\5:345:/2X]876�¨k698:X¥j U X4Z»Ñaj^X4W®;\5:ikZ
/¯i¤j U 34X$;z6M;Ö; U 5:l@j0;MÏ@p^69Z^W�;"ikj0;\X¥W(8:X4W(WY5<;\j^6I;\5:ikZ@W�69/^/^6 U 5:14X4W�64¨[X43]876>/^6 U ;"5:Xb¶I¸<¹Kº�»�¼�»0¸<¹ °

� ;"69Z¤;�p@ikZ^Z@1Âj@Z^X�WY5<;\jG6M;\5:ikZ
st
X©;�j^Z@X�693©;\5:i¤Z

at
ÏSj@Z)348769WYWYX4j U /2X4j0;�p@ikZ^3�69Z¤;\5:3¥5:/¯X U 876�Z@ikj0¨aX48:8:X

WY5<;\j^6I;\5:ikZ
st+1

WY5SW\6�/^6 U ;\5:X`¶I¸<¹IºB»�¼�»0¸2¹ÐX¥W¬;o69/@/G6 U 5:14X�â
st
ÏGX$;eWÖ5CW\6�/^6 U ;"5:Xb½B¿2¼�»(¸<¹�X4W®;Ã69/^/^6 U 5:14X�â

at
°

{S6`WY5<;\jG6M;\5:ikZÐ6kZ¤;\5:345:/214XeX4W®;uiklm;\X4Z0j@XzX4ZÐ69/^/@8:5:Ñ0j^69Z¤;«876�ÔÕikZ^3©;\5:ikZm���
U�UR��äM�­���qñ�ä]â�3"¾^69Ñ0j@XÃ6M;Ö; U 57l@j0; °0T ikj U
8:X
i �! �" 6M;Ö; U 5:l@j0;MÏ@8¶|Ùik/¯1 U 6M;\X4j U ���
U�U���äe�­���qñ�ä�X4W®;�p^1$Ø^Z^5×695:Z@WY5´=

���
U�UR��äM�­���qñ�ä
(sit, e

i) =

{
sit si ei =

¦
ei sinon

iq÷
sit
X¥W¬;�8:X

i �� �" 6M;Ö; U 5:l^j0;�p@XÂ876»WY5<;"j^6M;\5:ikZ st X©;�iq÷ ei X4W®;�8:X i �� �" 6M;Ö; U 5:l@jm;�p^XÂ876»/^6 U ;\5:X Effet p^j348769WYWYX4j U¥°

[0101]

[#0#1] [0] [#10#]

[0011] [0] [0011]

Anticipation

passthrough

Classeur

Situation initiale et Action

appariement

 *¡p¢j£ÊíqË¶¤Xíq¥B]K±³²Ç«V·e´�¾­¹F§Ø¯.Ö «V·MµD´p²�´Õ¬<«7µp´p»V·)¯.Ö º�·)²H½�«X¾Ç¾�§�ºqªJ¯9«V·<¾�\Ã¦@Ì�Ë

s i¤Z@WY5:p@1 U ikZ@W`/^6 U X©ÀmX4¦�/@8:XÂ8:X�348769WYWYX4j U ¢H¦º¡�¦? �¤ ¢0¡"¤ ¢I¦? k¡�¦B¤¼p@X�876�Ø^nkj U X�§ ° Ý+§ ° õ U �934X�69jmÀ�W ­ ¦�¹
l¯i¤8:X4W
¦Ðp^6kZ@WzW\6Â/^6 U ;\5:X_¶K¸<¹IºB»<¼�»(¸<¹2Ï¯5:8Ú69Z¤;\5:345:/2X�8:X4We34ikZ@WY14Ñ0j@X4Z^34X4Wzp^X`8¶|Ó6k3©;\5:ikZ¬¢.¡�¤gpG69Z@W°3�WY5<;\jG6M;\5:ikZ^W
/¯i¤WÖWY5:l^8:X4W�=�¢0¡B¡"¡	 �¤^Ï�¢0¡"¡� " �¤^Ï�¢- �¡B¡	 �¤gX©; ¢� k¡	 B �¤ ° .0X48:i¤Z�8�6�/G6 U ;\5:X¬ÀKÁ Á Â0¼¯ÏGX¥Z¼6k/@/@8:5:Ñ0j^69Z[;e8¶|Ùik/21 U 6M;"X4j U
���
U�UR��äM�Ç�q�qñ�ä�=

� 8:X�/ U X4¦>5:X U 6M;Ö; U 5:l@j0;op@X4¦�X4j U X�5:Z@3"¾G69Z@nk1�Ñaj^X48:8:X�Ñ0j@X�WYik5<;Ã876�¨¤698:X4j U 5:Z@5<;"57698:X µ ¡gikj� �â�3¥69j@WYX�p@j
W ­ ¦�l2ik8:X�¦Âp^69Z^W(876�/G6 U ;\5:X¬¶K¸<¹IºB»<¼�»0¸2¹ · �

� 876�¨k698:X4j U p@j»p@X4jmÀm5:¿4¦�X]6M;Ö; U 5:l@jm;�/^69WYWYX U 6�p^X9¡Ââ� ��
� 8:XÃ; U ik5:WY5:¿4¦�X]6I;Ö; U 5:l^j0;�/ U X4Z@p U 6�876�¨¤698:X4j U  oÑ0j@X48:8:X]Ñaj@X]WÖi¤5<;�876�¨k698:X¥j U 5:Z^5<;\57698:X��
� 876�¨k698:X4j U p@j»p@X U Z@5:X U 6I;Ö; U 5:l^j0; U X4W®;\X@  °

� 5:Z^WY5¶ÏIp^69Z^WÚ876zWY5<;\jG6M;\5:ikZ%¢0¡"¡B¡	 �¤^ÏIWY508¶|Ó693©;\5:ikZ%¢0¡"¤ÃX4W®;´3"¾^ik5:WY5:XkÏI8:X�34876kWÖWYX4j U 69Z¤;"5:345:/¯X�876eWÖ5á;\j^6M;"5:ikZ³¢0¡� �¡	 �¤ °
T ikj U 69Z[;\5:345:/2X U 876*WY5<;\jG6M;\5:ikZ�WYj^5<¨k69Z¤;"XÐ8:i U WÖÑ0jQ|Ùj@Z^X�693$;\5:ikZ

at
X4W®;ÂX4Z¤; U X¥/ U 5:WYX�p^69Z^W>j@Z@X�WY5<;\j^6I;\5:ikZ

st
Ï ��s .�WÖ1¥8:X43©;\5:ikZ^Z@X�87X�348769WYWYX4j U 64¨[X43�8�6#/@8:j^W�n U 69Z@p^X�Ñaj^698:5<;"1�pQ|Ó6kZ¤;\5:345:/G6M;\5:ikZ Á���/^6 U ¦�5e;\ikj@W»8:X¥W

348769WYWYX4j U W�p^ikZ¤;�876�/^6 U ;\5:X[¶K¸2¹Kº�»�¼�»(¸<¹#X4W®;g69/^/^6 U 5:1¥X�â
st
X©;�p^ikZ¤;�876�/^6 U ;\5:XÏ½B¿2¼�»0¸2¹#X4W®;g69/@/G6 U 5:14X�â

at
°�v Z�69/^/@8:5:ÑajG69Z¤;g876�ÔÕikZ@3$;\5:ikZ �o��U�UR��äe�­���<ñ
ä�â

st
X©;Ðâ�WY6�/^6 U ;\5:X¨ÀKÁ Á Â�¼2ÏV34X�348769WYWYX4j U / U ik/¯ikWYX�j@Z@X

69Z¤;"5:345:/^6M;"5:ikZ °Qs X¥8:8:X©¹ 345�X4W®;o876ÂZ^ikj0¨[X¥8:8:X�WY5<;\j^6I;\5:ikZ*/ U 14p@5<;\X�/G6 U 8:X�W ­ W®;\¿4¦>X ° .m5C8E|Ó69Z¤;\5:345:/G6M;\5:ikZ�/ U ik/¯ikWY14X



Ô����K�¨§a© ?U���cQRCH�@LONÆG�GR?&�oCÃBD?MLhCH�cLÛEo?
��GJBDCHGJG.¥,GVLhPHIKCHG�EoCF�HBD?9G�GHCq�
Q­G 3 /

tCU 6kZ@WY5<;\5:ikZ ¢.¡	 " k¡�¤ ¢0¡"¤ ¢- �¡� �¡�¤
s 69W]Ý ¢.¡�¦"¦B¦B¤ ¢0¡"¤ ¢- �¡�¦"¦ ¤ ¢- �¡	 k¡�¤ÂX4W®;�876>WY5<;\j^6M;"5:ikZ»6kZ¤;\5:345:/214X °

{S6�ÔOi U 34X¬Á��Â69j@nk¦�X4Z¤;"X °
s 69Wz§ ¢I¦"¦? k¡�¤ ¢0¡"¤ ¢I¦"¦t �¡"¤ ¢.¡	 " k¡�¤ÂX4W®;�876>WY5<;\j^6M;"5:ikZ»6kZ¤;\5:345:/214X °

{×X4W(p^X4j0À�6I;Ö; U 5:l^j0;\W(3"¾G69Z@nkX¥6kZ¤;\W(WYikZ¤;zWÖ/21434576k8:5:WY6kl@8:X4W
p^ikZ@3]8:Xo34876kWÖWYX4j U X4W®;�3¥i UÖU 5:nkX+69l@8:X °
~ 8×p@X©¨@5:X4Z¤;£¢0¡	 B �¡"¤\¢0¡"¤\¢- �¡	 k¡�¤ °

s 69W / ¢.¡	 <¦B¦B¤ ¢0¡"¤ ¢.¡	 B �¡"¤ ¢.¡	 " k¡�¤ÂX4W®;�876>WY5<;\j^6M;"5:ikZ»6kZ¤;\5:345:/214X °
{S6�ÔOi U 34X¬Á���p@5:¦�5:Zaj@X °

§4¨	©c£�íqËTS9¥�ÚÙÖ \ÎÚ.Ôü¯.Ö \Ã¦@Ì
/G6 U j^Z�348769WYWYX4j U X4W®;´14n[698:X«âe876eWÖ5<;"j^6M;\5:i¤Z�WYj@5á¨k69Z¤;\X

st+1
U 14X48:8:X4¦�X4Z¤;Vikl^WÖX U ¨[14XkÏk698:i U W�8:Xu348769WYWYX4j U 69Z[;\5:345:/2X

l^5:X4Z °mq 69Z^W�8:XÃ3¥69Wu34ikZ¤; U 695 U XkÏmj@Zg¦�143¥69Z^5:WÖ¦�XepQ|Ó69/^/ U X4Z[;\5:WYW\69nkXe876M;"X4Z¤;«/2X U ¦�X©;up^Xe¦>i0p@5áØGX U 8:X4WuÑaj^69875<;\14W
p×|Ó69Z¤;\57345:/^6M;\57ikZ¨Á#�@Ï@X$;�p^Xo34i UÖU 5:nkX U 8E|ÙX UÖU X4j U /2ikj U 69¦�148:5:i U X U 87Xo¦>i0p@¿48:X]p@Xo8¶|ÙX¥Z¤¨m5 U i¤Z@Z@X¥¦>X4Z¤; °

5 g:f 5 _ úÓgáf)[]\
q 6kZ@W ��s .2ÏIj@Z�¦>143¥6kZ@5:WY¦>XupQ|Ó69/^/ U X4Z[;\5:WYW\69nkX�5:Z^p@14/2X4Z@pG69Z¤;´p@X�876 U 1434i¤¦>/2X4Z@WYX�/¯X U ¦>X©;´p^X�p@143¥ikj0¨ U 5 U

j^Z X4Z^WYX4¦�l^8:X*p^X*348769WYWYX4j U WÐ/2X U ¦�X©;Ö;"69Z[;�pQ|Ó69Z[;\5:345:/2X U 3¥i UÖU X43$;\X4¦�X4Z¤;»p^69Z^WÐ3"¾^69Ñaj^X*3¥ikj@/@8:X�WY5<;\jG6M;\5:ikZm¹
6k3©;\5:ikZ °às X�¦>1¥3¥69Z@5:WY¦�X�X4W®;ÃZ@ik¦�¦>1 � { T µ .[;"ik8:Ü4¦�69Z^ZQÏCÝ¥ÞkÞ¤ßo� Á j0;"ÜkÏà§9¢k¢¤§96 · µ � Z¤;\5:345:/G6M;\i U¬­ {QX+6 U Z@5:Z^n
TVU i034X4WYW · Ï�3k|ÙX¥W¬;Âj@Z@XÐ5:¦�/@8:1¥¦>X4Z¤;©6M;\5:ikZ�p@X4W�;\¾^14i U 5:X4W�p@X ³ i��à¦�69Z�34ikZ^34X U ZG69Z¤;�8¶|Ó6k/@/ U X4Z¤;\5:WYW\69nkX�876M;\X4Z[;
pG69Z@W(8:X]34ikZ¤; UYÿ 8:X]p@j�34ik¦�/¯i U ;\X4¦�X4Z¤;z69Z^5:¦�698×/^6 U 8¶|Ó69Z¤;\57345:/^6M;"5:ikZ °

{´| � { T WÖ1¥8:X43©;\5:ikZ^Z@XkÏ9/^6 U ¦>5[;"ikj@W�8:X4W�348769WYWYX4j U W�/¯i¤WÖWY5:l^8:X4W¥ÏI34X4jmÀ�Ñaj^5m69Z¤;"5:345:/¯X¥Z¤;´l@5:X¥Z °
� 3"¾^69Ñaj^X�3¥8769W®¹
WYX4j U X4W®;�p^ikZ@3u69WYWÖi0345:14X�j@Z@X�ÔOi U 34X>Á��eÑaj@5 U X4/ U 1¥WÖX¥Z¤;\X�876z3¥69/G69345<;\1�p@j�3¥8769WYWÖX¥j U âz69Z¤;"5:345:/¯X U 34i UYU X43©;\X¥¦>X4Z[; °
{×X4W(3¥8769WYWÖX¥j U W(p^iI;\14W(pQ|Ùj^Z@XoÔ 695:l@8:X]ÔÕi U 34X¬Á���WÖi¤Z¤;�WYj^/@/ U 5:¦>14W °

��s . p^ik5<;�69j@WYWY5ÃÛ©; U X�X4Z�¦�X4WYj U X�p@X¼; U ikjm¨[X U p^X4WÐ348769WYWYX4j U WÐp^ikZ¤;»8:X4W�/^6 U ;\5:X4WÏ¶I¸<¹Kº�»�¼�»0¸2¹�WYikZ[;
6kj@WYWY5Cnk14Z@1 U 698:X4WeÑ0j@X�/2ikWYWÖ5:l^8:XkÏ^;"ikj0;ÃX4Z*/¯X U ¦>X©;Y;"69Z¤;Ãp^X�¦>iap^148:5:WYX U p^X�ÔO69²¥ikZ�Ø¯69l@8:X�876Âp ­ Z^69¦�5:Ñaj@X�p^X4W
5:Z[;\X U 6k3©;\5:ikZ@WSp@XV8¶|Ó69nkX4Z¤;Ú64¨aX43´8¶|ÙX¥Z¤¨m5 U ikZ^Z@X4¦�X4Z¤;&�.o ° {×i U WYÑajQ|Ùj^Zo348�69WÖWYX4j U Z×|ÙX4W®;S/G69WQØG69l^8:XkÏ48E| � { T 5:Z¤; U iap@j^5<;
p^X4W(p@5:W®;\5:Z^3©;\5:ikZ^W(WYj@/@/^8:14¦>X¥Z¤;"695 U X¥W«pG69Z@W(W\6�/G6 U ;\5:X¬¶K¸<¹IºB»<¼�»0¸2¹g/2ikj U 3 U 14X U j@Z�Z^ikj0¨[X+69j�348769WYWYX4j U4°

T ikj U ¦�X©;Ö; U X>â�ª¬ikj U 8:X4WoÔÕi U 34X4WbÁ���X©;]3 U 14X U p@X>Z@ikjm¨[X¥69j0À*3¥8769WYWÖX¥j U W¥Ï �zs .¼34ikZ^WY5:p@¿ U X�;\ikj U âÂ;\ikj U
8:X¥Wx; U 5:/^8:X©;\W�WYj@3¥34X4WYWY5:ÔÕW

(st−1, at−1, st)
°M� 3"¾G69Ñaj^Xz/^6kW�p^X(;\X¥¦>/@W¥Ï �zs .�WY1487X43©;\5:ikZ^Z@Xz8:Xe348769WYWYX4j U p@i9;\1zp^X

876�/^8:j@Wun U 69Z^p@XÃÔÕi U 34X^Á���/^6 U ¦>5G;"ikj@Wu8:X¥Wu348769WYWYX4j U Wup@ikZ[;«876�/^6 U ;"5:XX¶I¸<¹IºB»�¼�»0¸2¹ÂX4W®;(69/^/^6 U 5:14Xo64¨[X43
st−1

Ï
p^ikZ@3Â876�/^6 U ;\5:X·½B¿<¼�»0¸2¹�X4W®;�6k/@/^6 U 5:14X�64¨[X¥3

at−1
°Cv Z�jm;\5:8:5:W\69Z¤;�876�ÔÕikZ@3©;"5:ikZk���
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x�y ��¹ w6���?y � � w ��� yv�?uvï n y{z�z�yoz�u�w � ykoµ���6� � z | �6���?y � �6����y®�?��yÁÊ � y®x?y � �6� } �?y��?u¼Ê¥� | y θe ï Ï � � �����¯y �~� y®y � z� � y | �?y�� � y � ��w�u�����yv�?u � ��  ¾b¾Aq �¼y{z Éb¾ � ½�¾ � y � � � � � w�� � | yv� �¿� �6��zos � w�u�z�s � �¶�6�?u¿� � w � y�u � y � � � � � u�s � yv��z � ïkmlonqp x |~� �=� � y À z��6��z | � � z�w���z�x�y � w'x?yvu�� | �vu�y��¶yvu � yv��z | �6� � �6�?u�w���z�y st u�s � � � z�w6��z�x?y � wµx�yvu�� | ��u�yw � z | �6� ��¹ � |~��| y at−1

x¥w�� �ô� wÐx?yvu�� | �vu�y ��| z���w9z | ���
st−1

ïÆr®u�« � y À � y{z�z�y | �?����u���w9z | �6��� kmlonqp x?s{z�yvu�� | �?y
� �¯yv½¶y{zmu�svy � ¬ ���¡z�sË©sr%­���� | u�yv��u�s � yv��z�yËy¾�?w � z�y���yv��z � y � ��¹ w�� } yv��yv�¬z ��| ��z�yvu�¸�yv��� � x�w6� � x��¯yv��¸ | u��6�?��yv��y���z
y���z�u�y � y � x�yv�#�Éx�yvu�� | yvu � �¥w � x?y
z�y���� � ï n y{z»y¾½¶y{z�u�svy � � �6u�u�y � �=���?xñx?�6� � À¿� w¿�¥w�u�z | y�©�«¬«#­�¤®x��¯��� � � w ��� yv��u
�#� | w���u�w | z � �6u�u�y � z�yv��yv��zôw���z | � | �¶sÉw6�µ��w � x?yôz�y���� � ��u�s � svx�yv��z/ï

[0011]Situation initiale

[0101]Situation suivante
diff

Effet réel [=10=]

,.-0/.1�2'4�t�6JP�C#?`B�HL?	A;:g?vu :xw�:b�ÐIj�j:b?@4

n �6����yÂ���?yÂ��w�uÒz | yÄ©�«¬«�­6¤h�6u�x | ��w | u�y6�¶©sr§y � z � �6���=� � svy�x��²w9z�z�u | °?��z � ï ± wÐ¸6w � yv��u®x?y � ��w9z�z�u | °��#zÉx�y
u�w�� }

i
x�w6� � ©srÂy � z¼x?s¾z�yvu�� | �?svy¿y������6� � z | �6��x?y � ¸�w � yv�?u � x?y � i ¨|©pªzy w9z�z�u | °��#z � sit−1

y{z
sit
� ��u�u�y � �¶�6�?x�w6��z

x¥w�� �
st−1

y{z
st
ï n y{z�z�y§¸�w � yv��u�y � z'x?���?�?svyU��w�u � w����6� � z | �6� ¹ Ä {Yx�s¾Ê�� | y � �6����y � � | z'yv��z�u�y·x?yv���

w¡z�z�u | °��#z � �?y{z |~�~� � � z�u�svyt�¥w�u � wÂÊ } �?u�yÉÌ�ï Í´¢

¹ Ä { (sit, s
i
t−1) =

{ �
si sit = sit−1

sit sinon
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�¥û¾ü�ü¶ÿ����=þ�ý����{û�������û#þ����=þ��9þ���������ÿ{û��~ý��{û�þ�ý����ªû! ��#"�$%���¿ú��'&�ÿ�ý���þ�ý)(*&+���
(Îu�w�� ��| z | �6� ò»½¶y¾zou�svy �

st−1 at−1 st ¹ Ä { (st, st−1)� ���+���L� � �+� � ���	���L� � ��� �3� �
nÃ� w ��� yv��u |»¸6w � ��w9z | ���

� ��ö¬ö�ö3� � �+� �|�3� ���L� Å �6�'s{¸6w � �?s
� ��ö¬ö�ö3� � �+� � ��� �3� � l ³��6��zox��¯���µ��w6u����?y��?u

S� ö�ö^��ö3� � �+� �|�3� ���L� l ³��6��zox��¯���µ��w�u�����yv�?u
E

�Ð�	�^1Ð2'4`Î!6~}�ÑFC#?xH+C#�0����K�A;:qEgB�?DCFEGE�:�H'IGE
l ��� �~| ����svy À ��¹ w6���?yÐ��w | u�y�x��²w9z�z�u | °?��z � x?yÐ���v��y�u�w�� } x�w�� � st−1

y{z
st
� � y{z�z�yÐ���6� � z | �6�S�¶yvu���y¾zÄx?y

� w � � � � yvu ��¹ w � �?�Sx�y � w9z�z�u | °?��z � x�y�©�r � �6�?�,�6u���s���yv��z�w����Ms � sv��yv��z � x?yÐ���6u���w �~|~� ��y |~�~� � � z�u�s � ��w�u � y
z�w�° � y�w��hÌ�ï~�6ï

� ��¹ w����?yô��w � x�y¿z�y���� � � kmlonqp ¸¬svu | Ê¥y � �¯y{�?w � z | z��?x�yôx?y � wñ�¥w�u�z | yo©�«¬«�­6¤�x?y ��¹ w � �?��x?y � � � w ��� yv�?u �
��� | w���u�w | z®�?�§�{z�u�y � � �~�~| � | z�s��=���?uo�,�6�?u�� | uo���?y�w6��z | � | �¥w9z | �6��ï n y � � � w ��� yv�?u �ô� �6��zÁz�y �~� ���?y � yv�?uÁ�¥w�u�z | y
�#�¡ #¢¥£/¤¥£��9 ªy � z�w��?�¥w�u | svy�wv¸¬y � st−1

y{z � yv�?ut�¥w�u�z | yÂ¦¥¨9¤¥£��9 ªy � zñs } w � y À
at−1

ï ± w���w�uÒz | yÂ©#«�«�­�¤§x��¯�?�
z�y � � � w ��� yv�?u¿x?y{¸?u�w | zo�{z�u�y®©�r=ï lô| � ��| � � ������y |~�~� � � z�u�st��w6u � y®z�w�° � y/w��'Ì�ï����

® ��|=� w���w�u�z | yo©�«¬«#­�¤�y � zËs } w � y À ©sr¶�#w � �6u �Ã� y � � w ��� yv��uÃw�° | y���w���z | � | �¶sÁy{zq�?����w�u��#�?yv��u¼x?y � � �v� � �
S
y � zôw¡³��6��z�s À�� w�z�u�w � y�o'x?yÉ��w�u����?yv��u � °=��� � svyv� � x?� � � w ��� yv�?u � �6� ��| x�svu�sp°

® ��|q� w·��w�u�z | y�©�«¬«#­�¤Sy � z�x | ½¶svu�y���z�yµx?y�©�r=��w � �6u ��� y � � w ��� y��?u�w·��w � w6��z | � | �¶sµy{z��?�4��w�u�����yv�?ux��¯s ��¹ y � E y � zÁw¡³��6��z�s À�� wÄz�u�w � y�o�ï

THUdVXUWV �Cc�` [�h�n�a�`�n�h�f�h�i�h��%h~a�i
l ¸¬y � st y{z st−1

� � wh���6� � z | �6� ¹ Ä {^�=y�u���y{zÄx�y � w � � � � yvuñ�?�Sy¾½¶y{zÂu�svy � ©�r=ï p#| w�� � �?�Mx�y � � � w ��� yv�?u ���� | �6�¬z��?�?y���w�u�z | y����9 �¢�£/¤=£6�¡ ;y¾z��?�?y���w�uÒz | y�¦¥¨9¤=£6�9 Sw�����w�u | svy �ÂÀ
st−1

y{z
st−1

���¯�6��z � yv�?uÄ�¥w�u�z | y
©#«�«�­6¤�s } w � y À ©sr¶� |~� � �6��¸ | yv�¬zox��¯yv� � u�svyvuq�?�µ��� | u�y��?u�s � yv�¬z�y � wÄx�yvu�� | �vu�yôz�u�w�� ��| z | �6��ï Ï w�� � � y � w � �?�?�
�?�6��¸¬y�w�� � � w ��� yv��uÉy � z � u�svs�z�y � ���?y � w'��w�uÒz | y�©�«¬«#­�¤ªy � zÄs } w � y À ©sr¶� � w'��w�u�z | y�¦¥¨9¤¥£��9 Uy � z at−1

��y{z
� w���w�u�z | yñ�#�¡ #¢�£9¤¥£��9 �y � z ��¹ � |~��| yñw � s�w9z�� | u�yv��yv�¬zÁ��w6u�� |�� y � ��w�uÒz | y � �#�¡ #¢�£9¤¥£��9 �x?y � � � w ��� yv�?u � ��� | �6��z
��w � w���z | � | �=sÉy{zo��� | �6�¬zou�yvó��µ�?�'��w�u����?yv��u E ïÏ w�� �q� �¯y¾��yv��� � y®x��Ðz�w�° � y�w��µÌ�ï�Ì�� � y ��õ?� z��v��y®x�y � � w ��� yv��u � ��y � �6��z | yv��zo���?y®�#��w9z�u�y � � w ��� yv�?u � x��6��z
� �²w � z | �6�Ñy � z�w��?�¥w�u | svy À at−1

ï�Ú�w�u�� | � y � ����w¡z�u�y � � w ��� yv�?u � � � yv� ��� x?y��#�S�6��z��?��yÐ��w6u�z | y��#�¡ #¢¥£/¤¥£��9 
w�x?s�����w9z�y6�¥��w |~� w�� � ���h��y��?u��6�¶� � yñ���§y¾½¶y{z � �6�����6u���y À�� �¯yv½¶y{z®u�svy � ï È �§�?�6��¸¬y�w�� � � w ��� yv��uoy � z®x��6� �
� u�s�s ¢ � �6ö��vö3� � �L� � ��� �3� ��ï

THUdVXU�T �Cc�` [�h�n�a�`�n�h�f�h�ikj�c�e�f'bWa�bzc�e�i
|»z�w���z¿x?���?�?sô���?yôx?y � w � z | �6� � �=� ����| ° � y � � � �6u � ����y kmlon¿p u�yvó�� | zqx�y � �¯yv��¸ | u��6�?��yv��yv�¬zq�?��yô�?�6�#¸�y �~� y

��| z���w¡z | �6�
st
� |~� �=yv��z�w�u�u | ¸¬y�u��#�?y6����w�u�� | z��6� �»� y � � � w ��� yv��u � x��6��z � wÁ��w6u�z | yÃ¦�¨¡¤¥£6�¡ ñy � zmw��?�¥w�u | svy À � y{z�z�y

w � z | �6����w�� � �?�·���²w | zÉ�?�?yÂ��w6u�z | y��#�¡ #¢�£9¤¥£��9 ªw��?�¥w�u | svy À�� w ��| z��¥w9z | �6�·��u�s � s�x?yv��z�y st−1

ï Ï w�� � � y � w � �
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�ü���&¡ÿn��û�$��#"Z��&� ��{ÿvþ��}$%������&� ��vû�&5> "b��û;�q���'&�ÿq� ø6ø
(Îu�w�� ��| z | �6� ò
½¶y{zÁu�svy �

st−1 at−1 st ¹ Ä { (st, st−1)� ���+���L� � �+� � ���	�#�+� � �#� �+� �
nÃ� w ��� yv�?u � |»¸6w � �¥w9z | �6�

� ��ö^��ö3� � �+� �|�3� �#�+� | ��¹ y �
� ��ö^��ö3� � �+� � � �+� �+� | ��¹ y �
� ��ö���ö3� � �+� � � � �#�+� Å ���µs{¸�w � �?s
� ��ö¬ö�ö3� � �+� �|� �+�#�+� Å ���µs{¸�w � �?s
� ��ö^��ö3� � �+� � ��� �+� � n u�s�w9z | ���

�9�	�^1�2'4@2'6�P���H'Ñ�:�I��0H!Ij:NA;:qEN:xwl:b��E

(Îu�w�� ��| z | �6� ò
½¶y{zÁu�svy �
st−1 at−1 st ¹ Ä { (st, st−1)� ���+���L� � �+� � ���	�#�+� � �#� �+� �

nÃ� w ��� yv�?u � |»¸6w � �¥w9z | �6�
� ��ö���ö3� � �+� � � � �#�+� Å �6�hw��?�¥w�u | s
� ��ö¬ö�ö3� � �+� �|� �+�#�+� Å �6�hw��?�¥w�u | s
� ö�ö^��ö3� � �+� � ��� �+� � n u�s�w9z | ���

�Ð����1Ð2'4�t�6JP���H'Ñ�:�I��0H!Ij:NA;:qEgBG��K�A������0��KLE

� y �Òõ�� z��v��yÄx?y � � w ��� yv�?u � y � z | � � w���w�° � yÄx�yÄ�?u�s�x | u�y � y � � �6� � sv���?y�� � y � x?y � �²w � z | �6� � �6� ��| x�svu�svyÂx�w�� �ô� w
��| z��¥w9z | �6�

st−1

ï Ï � �Ã� �6u � ���?���?�6��¸¬y�w�� � � w ��� yv��u¼y � z � u�s�sÁ�¶�6�?u � �6�Ä° � yvu � yô��w������?y�ï ± w���w�u�z | yo¦�¨9¤=£6�¡ 
x�y � yo�?���#¸¬y�w�� � � w ��� yv�?umy � zËs } w � y ÀÉ� �²w � z | �6� � �6� ��| x?s�u�svy6ï p wÉ��w�u�z | y¿©#«�«�­�¤�y � z � w � � � � svyoyv�Ð���6� � z | �6��x�y
st−1

y¾zmx?y
st
� } u�« � y À®� wt���6� � z | �6� ¹ Ä {q�6x�y � wt���v��yq��w�� | �vu�y¿���?y � �²�6� � w � � � � y � �¯y¾½¶y¾zmu�s�y � ©�r=ï p wt��w�u�z | y���9 �¢�£/¤=£6�¡ ·x�� | zÄ�{z�u�yÐw��?�¥w�u | svyÐwv¸¬y � st−1

ï.Ú��6�?uñs{¸ | z�yvutz��6��z�y�u�yvx?�6��x�w�� � y6� |�� y � zÄw�� ����|m� �6� ¹ w | z�w�° � y
�#�?y � y{z�z�y � ���?x | z | �6���?y � � | zm� |�� z�u | � z�yv��yv��z¼� � � ��} sv��svu�w � y¿� | � � � ��� �=s � | w �~|~� svy¿����y � y �~� y¿x��²w�� � �?��w��#z�u�y
� � w ��� y��?uñx?�¡z�s�x�y � w'������y���w�u�z | y�¦¥¨9¤¥£��9 Æï kmlÁnqp � �6� � z�u�� | zÄ�?��y��?�6��¸¬y �~� y���w6u�z | yÐ�#�¡ #¢¥£/¤¥£��9 ;w�� ����|
} sv�?svu�w � yt����yt�¶� ����| ° � y6� � �6� � u�s � yvu�¸¬yÉ����y � y � � �6�¬z�u�w | �¬z�y � �?u�s � svx�yv��z�y �q� � | y���z � w9z |�� �,w | z�y � ï

Ï w6� �t� �¯y{��yv��� � yÂx��hz�w6° � y�w��UÌ�ï Í � � y �Òõ�� z��v��yÂx�y � � w ��� yv��u � ��y � �6��z | y���zÉ���?yÂx?y��#� � � w ��� yv�?u � x?�6�¬z
� �²w � z | �6�µy � zÁw�����w�u | s�y À at−1

ï*Ú�w�u�� | � y � x�yv�#� � � w ��� yv�?u � ��w�� � �?�µ���²wÂ�?�?yt��w�u�z | yt���9 �¢�£/¤=£6�¡ �w�����w�u | s�y
wv¸�y � st−1

ï È �Ä�?�6��¸¬y�w�� � � w ��� yv�?u�y � z»x?��� �¼� u�svs¼�¶�6�?u � ���#¸�u | u � y{z�z�y ��| z��¥w9z | �6� ¢ � ö¬ö��vö3� � �+� � �#� �3� �¥ï ± w
�¥w�u�z | y®�#�¡ #¢¥£/¤=£6�9 �x�y � yô�?���#¸¬y�w�� � � w ��� yv�?uÃy � zqw6�?��w�u | svy À st−1

�#y{zqy �~� y � �6��z | yv��z¿w��#z{w���zqx?y �Òõ ��°¶� � y �
ö§�#�?y��=� ����| ° � y�� � w�� � �{z�u�y � z�u | � z�yv��yv��z�� � � �É} sv��svu�w � y��#���¯���?y�w��#z�u�y��¥w�u�z | y����9 �¢�£/¤=£6�¡ ¶ï ± y � � w ��� yv��u
� �6ö�ö¬ö3� � �+� � �#� �+� �´w � yª���v��y·�?�6�Ä°?u�y·x?y �Òõ ��°¶� � y � ö¥�Ë��w |~�µ� wS�¥w�u�z | yU�#�¡ #¢�£9¤¥£��9  w��?u�w | zµs{z�s
� z�u | � z�yv��yv��zô� � � �o} sv�?svu�w � yñ����y � y �~� y�x?�h�?u�y�� | yvu � � w ��� yv�?uox?y � w �~|~� z�y6ï	Û � ���¯y � zôx?�6� � ��w � u�y{z�yv���hy{z � y
� � w ��� y��?u � ö¬ö��vö�� � �+� � �#� �3� � � � | y � zÁ�?u�sv�,svu�s6ï
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THUdVXU�� �H�m^dh�jSa�bdc�e�f7hmikj)^d\�i�ilhm`�n�i���\��'^dhmi

Ï y���w�� | ��u�y À s¾z�w�° �~| ut�?�·y�� � yv��° � yÂx?y � � w ��� y��?u � ��� | w���z | � | �=yv�¬zñwv¸¬y � �?u�s � |~��| �6��� kmlonqp x |~� �¶� � y
x��¯���´��s � w�� |~� ��yhx?y � �?���?u�y ����| �6�ìx�y � � � w ��� yv��u � ��� | w���z | � | �=yv�¬z���w � ï ± w·z�u�w � y�o x?yµz�w |~�~� y
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u�w�� } x¥w�� �t� y �É��| z���w9z | �6� �ÉÀ �¥w�u�z | u®x?y � ����y �~� y �É� y � � w ��� yv�?uÉw���z | � | �=y���w � ��w � �6u � � y{z�w9z�z�u | °��#zñy � z®¸�u�w | ð
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st−1 at−1 st ¹ Ä { (st, st−1)� �	�3�#�L� � �L� � �#�	���L� � ��� �3� �
nÃ� w ��� yv��u �

s ³ s ´ � |~� y �oÀ ³��6�?u
� �6ö��vö3� � �L� � �#� �3� � � �3�	���L� � ���+�+�#� µ	  ¾b¾Aq � ¹+½»ÁjÂ �'º	�ÈÄ ¾ Äu�%�!�ÈÄÈ�'ºF¶® ± w�¸6w � yv�?uqx��µx�yv�#� | ����yÉw9z�z�u | °��#zoy � zx | ½¶svu�yv��z�yÉx�w�� �

st−1

y¾zox�w�� �
s ³ ¢

� �¯y � z | ��w9z | �6�hw ��� � � | svyÉy � z | � � u�sv��yv��z�s�y6ï
® ± w�¸6w � yv�?uqx��µ���¥w9z�u | �v��yñw9z�z�u | °��#zoy � z| x?yv��z | ���?yÉx�w�� �

st−1

y{zÁx�w�� �
s ³ ¢

� �¯y � z | ��w9z | �6�hw ��� � � | svyÉy � zox�s � u�sv��yv��z�svy6ï
® ± w ��| z��¥w9z | �6� s ´ w ��� � � | s�yÉw�� � � w ��� yv�?ux?y{¸ | y���z

st−1

� � �¯y � z�ð À ð	x | u�y � �	�3�#�+�
� �6ö��vö3� � �L� � � �+� �L� � ���+�3��� � �3�	�#�+� · ¾ � ½b¾Æ¹+½»ÁjÂ �!º	�ÈÄ ¾ Äu���L�ÈÄÈ�'ºF¶® ± w�¸6w � yv�?uqx��µx�yv�#� | ����yÉw9z�z�u | °��#zoy � z| x?yv��z | ���?yÉx�w�� �

st−1

y{zÁx�w�� �
s ´ ¢� �¯y � z | ��w9z | �6�hw ��� � � | svyÉy � zox�s � u�sv��yv��z�svy6ï

® ± w�¸6w � yv�?uqx��µ���¥w9z�u | �v��yñw9z�z�u | °��#zoy � zx | ½¶svu�yv��z�yÉx�w�� �
st−1

y¾zox�w�� �
s ´ ¢� �¯y � z | ��w9z | �6�hw ��� � � | svyÉy � z | � � u�sv��yv��z�s�y6ï

® ± w ��| z��¥w9z | �6� s ³ w ��� � � | s�yÉw�� � � w ��� yv�?ux?y{¸ | y���z
st−1

� � �¯y � z�ð À ð	x | u�y � �	�3�#�+�

�9�	�^1�2'4«ª;6)¸¸��Eb:º¹ »���H'INA;:qEN:qE��0��<fC#�0����KLEJ=!��H!In?`CfEÈ=+�jBb�0C#?u�iEbC#�0����K

� yv��° � w�° � yv��yv��z | �?x | ���?st�¶�6�?u¿x |~� z | � } �?yvu � y �¿��| z���w9z | �6� � x¥w�� �¿� y � ����y �~� y �¿� y � � w ��� yv�?uow���z | � | �=yÉ° | yv�'x?y
� y �~� y � x�w�� �q� y � �#�?y �~� y �¿|~� w��¬z | � | �¶yt��w � ï lÁ| � ��| � � w���w�u�z | yÉ�#�¡ #¢¥£/¤=£6�9 �x�� � � w ��� yv�?u¿x?� | zo�{z�u�y � �=s � | w �~|~� svy
� y � �6� � y{zôw9z�z�u | °?�#zox�ytu�w6� } i y{z � �¯y � z | ��w9z | �6� eis ��� |�� � | y � zôw ��� � � | svyÉx?� | zôwv¸¬� | u¿�?��yô¸6w � yv��uqs � y{¸¬svy6ïÏ yq��w�� | �vu�y À � w � � � � yvu � y � y � z | ��w¡z | �6� � � � �6����y | �?x | ���?sqx�w�� �
� wôÊ } �?u�y¿Ì�ï~�6� À ��¹ w��#�?y � � w ��� yv�?u
y � z
w ��� � � | svy � w ��| z��¥w9z | �6� s ³ �?u�s � svx�w��¬z � w�x?yvu�� | �vu�y�yvu�u�yv�?uÁx��²w���z | � | ��w¡z | �6���=y{z � w ��| z���w¡z | �6� s ´ ��u�s � s�x�w���z� w�x?yvu�� | �vu�y�w���z | � | �¥w9z | �6� � ��u�u�y � z�y6ï	Ú��6�?u ��¹ w��#�?y � � w ��� yv��uËz�y � ����y � w���w6u�z | y��#�¡ #¢�£9¤¥£��9 �y � z®w��?�¥w�u | svy
wv¸¬y � st−1

y{z � wÂ��w�u�z | y®¦¥¨9¤¥£��9 µwv¸¬y � at−1
¢

® ��|�� y � � w ��� yv�?uow���z | � | �=yÉ° | yv����w � �6u � �=�6��u ��¹ w�����yÉw9z�z�u | °��#z ¢
® ��|Î� �²w¡z�z�u | °��#ztx?y s ³ y � zts } w �»ÀÐ� �²w9z�z�u | °?��z � �6u�u�y � �¶�6�?x¥w���ztx?y st−1

�Æw � �6u �®� �¯y � z | ��w¡z | �6� � ��u�u�y � ð
�=�6��x�w��¬z�y

eis
y � zÁx?s � u�sv��yv�¬z�svy�°

® ��|Ë� �²w¡z�z�u | °��#z�x?y s ³ y � z�x | ½Æsvu�yv��z�x�y � �²w9z�z�u | °��#z � �6u�u�y � �¶�6�?x¥w���z�x?y st−1

�
w � �6u ��� �¯y � z | ��w9z | �6�
� �6u�u�y � �=�6��x�w���z�y eis y � z | � � u�sv��yv��z�s�y�°® ��|�� y � � w ��� yv�?uow���z | � | �=yÉ��w � ���=�6��u ��¹ w��#�?yÉw9z�z�u | °��#z ¢

® ��|�� �²w9z�z�u | °��#ztx�y s ´ y � zÉs } w �
ÀÐ� �²w¡z�z�u | °��#z � �6u�u�y � �¶�6�?x¥w���zÉx?y st−1

��w � �6u �t� �¯y � z | ��w9z | �6� � ��u�u�y � ð
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�¶�6�?x¥w���z�y

eis
y � zÁx?s � u�sv��yv��z�svyp°

® ��|¿� �²w9z�z�u | °?�#zÐx?y s ´ y � zÐx | ½¶s�u�yv��zÐx?y � �²w9z�z�u | °��#z � �6u�u�y � �=�6��x�w��¬z�x?y st−1

�mw � �6u ��� �¯y � z | ��w9z | �6�
� �6u�u�y � �¶�6�?x¥w���z�y eis y � z | � � u�sv��yv�¬z�svy6ïÈ �´y{��yv��� � yµx�yµ� |~� y À ³��6��u�x�y � y � z | ��w9z | �6� � y � zÐx?�6�?��sµ�¥w�u � y�z�w�° � y/w��´Ì�ï ø ï ± y � y � z | ��w9z | ��� �

eis
� �6��z | � � u�sv��yv��z�svy � y{z�x?s � u�sv��y���z�svy �ñ� y � �6�M�?�?y�u�� }6� y�x?y½¼ | x?u���¾¿ð+¿o�6½���w�u�w���s{z�u�svy���w�uñ�?�·z�w����

x��²w��?��u�yv��z |~��� w } y
β y«À/ÁdÂ

ï lÁ| � ��| � � y �¿| � � u�sv��yv�¬z�w9z | ��� �¿� �¯y¾½¶y � z��?yv�¬z � y � �6� � w����6u���� � y ¢

eis ← (1− β y«À/ÁdÂ )eis + β yÃÀ¥ÁdÂ
� y � x?s � u�sv��y���z�w9z | ��� �¿� �¯y¾½¶y � z��?yv��z � y � �6� � wÂ����u���� � y ¢

eis ← (1− β y«À/ÁdÂ )eis
± y � ¸�w � yv�?u �¿| � | z | w � y �¿� �6��z

0.5
ï È �hw9z�z�u | °?�#zÁx?sÒ³ À�� �=s � | w �~|~� st�?u�yv�?x � wÄ¸6w � yv�?uq�¥w�uqx�sv�,w���z 0.5
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È � � � w ��� yv��uñ� � � |~�~� y � ��u � ���?y � w�z�u�w � yËo � �6�¬z | yv��z À'� w'�,� |~� x�y � ��w�u��#�?yv��u � S y{z
E
� � �¯y � z�ð À ð x | u�y

� ��u � ����� |~� w���z | � | �=yÉ��w�u���� |~� ° | y��µy{zÁ��w�u���� |~� ��w � ï p�| z�y � y � z � y � w � � � w���w�u�z | yÉ���9 #¢¥£/¤=£6�9 �x?y � y � � w ��� yv��u
x�� | zñ�{z�u�y�yv� � ��u�y � �=s � | w �~|~� svy6��x?y���w�� | �vu�y À u�svx�� | u�y�yv� � �6u�y � y�x?�6��w | �?y�x�y�¸�w �~| x | z�s�x?y � � �6��x | z | ��� � �
³Ò� � ����� À � yÄ�����¯y �~� yÄ�=yvu���y{z�z�yv��z®x�y�x |~� z | � } ��yvu � y �ô��| z��¥w9z | �6� � ° | y��ªw��¬z | � | �¶svy � x�y �ô��| z��¥w9z | �6� � ��w � w���ð
z | � | �=s�y � ï � ��¹ w6���?yñ�¥w � x?ytz�yv��� � � � �6���#z�yÉz�yv���hx�y st−1

y{zôx?y
at−1

� � yv� ���o� y � � � w ��� y��?u � ��� | �6��zôs{z�s
s¾¸6w � �?s � �6y{zm��� | �6��zmx?�6� � } w } �?sq�?����w�u�����yv�?u S �6� E � � �6��z � � � � y��#z | ° � y � x��¯�{z�u�yq� � � |~�~� w��¬z � w � �6u � ����� |~�~���y � �¯s{z�w | yv��zÉ��w � w�����w�u�wv¸�w���z/ï lÁ| � ��| � À ��¹ w6���?yÄ�¥w � x?y�z�yv��� � � kmlonqp ��¹ yvu ��¹ y À�� �¶s � | w �~|~� yvuÁz��6� �®� y �
� � w ��� y��?u � z�y �~� ���?y � yv�?u¿��w�u�z | yÉ�#�¡ #¢¥£/¤¥£��9 �y � zôw��?�¥w�u | svyñwv¸¬y � st−1

�?y{z � wÂ�¥w�u�z | yt¦�¨9¤=£6�¡ �wv¸¬y � at−1

ï
± yôz�w�° � y�w��µÌ�ï � x?�6���?y®�?��y{�?yv��� � y®x?y � �¶s � | w �~|~� w9z | �6��ï%Ú � ��zAÌ¡z¿�#�?y®x?y � �¶s � | w �~|~� yvu ��¹ w��#�?y � � w ��� yv��u

| ��x?sv�¶yv�?x¥w�����yv��z®x�� � ����� |~� � � � |~�~� y6� � �¯y � z�ð À ð x | u�yÄx?� � ����� |~� w�w��ª��� | � � �?�ª��w�u����?yv��u S y{zÉw��ª��� | � ����4��w6u����?y��?u
E
� kmlÁnqp w9z�z�yv�?x´x?y � � �~� y � z�yvu�� � � � x�� | �?�,�6u���w9z | �6� � w¡Ê¥�4x?y'u�yv�?x�u�y � y � y � z | ��w9z | ��� �

� � � � Ê¥w�° � y � ï%Ú��6�?u � y®�,w | u�y6� k¼lonqp w9z�z�yv��x�����y � wñz�u�w � yÍo'x��¯��� � � w ��� yv��u � � | z¿� � y | �?yt�=�6��u � y®x�s � � w�u�y�u
� � � |~�~� w���z/ï n y{z�z�y � �6�?x | z | �6��y � zm¸�svu | Ê�s�y � �6u � ����y � y � � w ��� yv�?u¼wñs{z�sos{¸6w � �?sÁw��Ð��� | � � θe �,� |~� ï ± wtz�w |~�~� yox�y� w�z�u�w � y�x�y � � � w ��� yv�?u � θe y � ztx?�6� � �?� � y�� |~� x?s{z�y�u�� | �¥w���z ��| ��� � � w ��� yv�?u®wÐs{z�s � �?Ç � w�����yv��zts{¸6w � ��s�¶�6�?u¿�{z�u�y � �¶s � | w �~|~� s6ï

Ï yµ� � � � � kmlonqpÑ} u��6���=y � y � � � w ��� yv�?u � � �6� ��| x?s�u�s � ��w�u � ��� � ð yv� � y���° � y � wv¸�y � � y � ���v��y � ��w�uÒz | y �
���9 �¢�£/¤=£6�¡ ·y{z�¦�¨¡¤¥£��9 ¶� y{z |~� w9z�z�yv��x;�#�?y�z��6� �ñ� y � ��yv��°?u�y � x��¯��� � �6� � ð	yv� � yv�Ä° � y�� � � |~�~� yv��zÄ�¶�6�?u � y �
� �¶s � | w �~|~� yvu�ï n y{z�z�yÐ��u��?x�yv� � yÐ�=yvu���y{zÂx?y � � �~� y � z�yvu�� � � � x�� | �����6u���w9z | �6� � y¾zÄx��²w¡Ç���yvu � y � y � z | ��w9z | ��� �
�¶�6�?u � y � u�yv��x?u�yt� � � � Ê¥w�° � y � ï

lÁ| � ��| � À·� � | �¬z�svu | yv��u�x�y ��¹ w6���?y � �6� � ð	yv� � yv�Ä° � yµx�y � � w ��� yv�?u � � � � |~�~� w���z � � � �²w9z�z�u | °?��z À·� �¶s � | w �~|~� yvu
y � z ��¹ � |~��| yv�M���6� � z | �6�Mx?y � y � z | ��w9z | �6� � x?y ��¹ w � ���Mx?y � � � w ��� yv��u � � ��u�u�y � �¶�6�?x�w6��z � ï ± y � y � z | ��w9z | ��� �
u�y � w9z | ¸¬y �ÂÀ ��¹ w � ���Sx�y � w9z�z�u | °��#z �Â� ����z � �6����svy � y¾z � �²w¡z�z�u | °��#z�x?��z�s�x?y � w§� � � �Ä} u�w���x?y � �6����y�y � z
��¹ � |~��| ï ± �¯�6�¶svu�w9z�yv��uµx?y � �=s � | w �~|~� w9z | �6�\y � z§w � ��u � w6�?� �~| �#�?s À z��6� �µ� y � � � w ��� yv�?u � x?� } u����?�=y�� � y � �6�
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(Îu�w�� ��| z | �6� ò
½¶y{zÁu�svy �
st−1 at−1 st ¹ Ä { (st, st−1)� ���+�#�+� � �L� � �#���#�L� � �#� �3� �
r®u��6���=y � x?y � � w ��� yv�?u � (Îu�w � y T ò � z | ��w9z | �6� � � |~� y �oÀ ³��6��u
� ö�ö^�vö�� � �L� � �#� �+� �

(SEES) (0.1, 0.6, 0.5, 0.8)
o*�' 3� Á�½ � ¾ZÁ �;��� ½  ���� ¹  �¡'�q�! #� ½� ö�ö^�vö�� � �L� � � �3� �L�

(SE) (0.2, 0.6, 0.5, 0.7)
º Â �'º	�����'� É � É �� �Ï¯�Z�'¼k¼ ½ º	� É Ç;� Á   É ��¶® l � � ���?y � �=s � | w �~|~� w9z | �6��ï� ��ö¬ö¬ö�� � �L� � �#� �+� �

(SEES) (0.2, 0.7, 0.5, 0.6) Ð �q�! #� ½Æ¹+½k¾FÁ �;�b� ½  ����f�� �Ï¯�Z�'¼k¼ ½ º	�� ��ö¬ö¬ö�� � �L� � � �3� �L�
(ESSE) (0.1, 0.8, 0.5, 0.7) É Ç;� Á   É �¥¶® (Î�6� �¿� y � � � w ��� y��?u � x�� } u����?�=yÉ� � � |~�~� yv��z9ï

® ± yÉx?yv�#� | �v��yñw9z�z�u | °��#zoy � z � u�s�x | z�stx�yp �6����y ¢ � w�� � � �¿} u�w��?x�y � ������yÉx��¯y � z | ��w9z | �6� �
(0.3, 1.5, 1.0, 1.3) ® ± y � � � w ��� y��?u � �6u |~}6| ��w���� � �6��z � �?���?u | ��s � ï

® ± y � � � w ��� yv��u �¿� � | ¸�w���z � �6�¬z � u�svs �}¢� �+�6ö�ö3� � �L� � ��� �+� �
� �	�vö�ö3� � �L� � ��� �+� �
� �+�6ö�ö3� � �L� � � �+� �+�
� �	�vö�ö3� � �L� � � �+� �+�

�Ð����1Ð2'4�Ñ�6�¬^:n<}��BGC�K+��Eq<�:NA;:nE)=+�jBb��C#?x��EbC#�0�0��K�A;:�M;O�P�Q
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� yª���v��yªw9z�z�u | °?�#z9ï ± y � � � w ��� yv�?u � �6u |�}6| ��w���� � �6��z�s � w�u�z�s � ï n yvu�z�w | � � x�y � � � w ��� yv�?u � ��u���x?� | z � x?y � w
� �6uÒz�y�w6��z | � | �¶yvu��6�¬zÂz��6��³Ò�6�?u � ��w � ��w |~��� yvu��6��z�s �~| � | �?s � ��w�u � y���s � w�� |~� ��y�x�y � s � y � z | �6��ï n yv�#�Ñ��� |
� � � |~�~� yvu��6��zôz��6��³����?u �Á� yvu��6�¬z � �=s � | w �~|~� s �ôÀ �?�6��¸¬y�w�����³�� � �#��� À � yñ����y � ��Ç � w�����yv��zôx�y � �=s � | w �~|~� w9z | �6� �
� � | y���z | ��z�yvuÒ¸¬yv����y � �¶�6�?u�����y � y � ��w�uÒz | y � ���9 �¢�£/¤=£6�¡ ®�=y�u���y¾z�z�yv��z»w��#� � � w ��� yv�?u � x��¯�{z�u�y
Ê=w�° � y � ï Ï w�� � ���
y���¸ | u����?�?yv��yv��z
x?s{z�y�u�� | � |~� z�y6� ��| ��� � � w ��� yv��uÎx��6��z � wÁ��w�uÒz | yÃ���9 #¢¥£/¤=£6�9 ñy � z � ����� � �¾z�yv��y���z � �¶s � | w �~|~� svy
� � � |~�~� y6� � �¯y � zÄ�#�?y � y¾zÄyv��¸ | u��6�?��yv��y���zÄy � zÂ�?�6�#ð	��w�u�Ò6��¸ | yv��ï n y � w ��� �6u�zÄx�� ��¹ w����Sx?y����¡z�u�y�s¾z��?x�y6�
��w |~�¿� yvu�wÄz��6��z�yv��� |~� x |~� � �#z�sÉx�w�� �¿� y ��¹ w�� | z�u�y � ï

Ï y�� � � � � � �¯�6�¶svu�w9z�yv�?uñx?y � �¶s � | w ��|~� w¡z | �6�M�=y��#z���u���x�� | u�y�x�y �ñ��| z���w¡z | �6� � ��� | �?y��¶yv�#¸�yv��z��¥w � �{z�u�y
u�yv� � ����z�u�svy � ï lÁ| � ��| � � y � � � w ��� yv�?u � � u�svs � �¥w�u � �¯�6�¶svu�w9z�y��?u¼x�y � �=s � | w �~|~� w9z | �6������w |~� ��� | ��y � �6��z¿w��?��w6u | s �
wv¸�y � w�� � �?��y�x?y �ñ��| z��¥w9z | �6� � x?sÒ³ À u�yv� � ����z�u�s�y � ����y � �6��zÄ��w � w¡³��6��z�s ��Àµ� w �~|~� z�y6ï n y{z�z�y��?u����?u | s{z�s�y � z
¸�svu | Ê�s�y } u�« � y À�� �¯yv� � yv�Ä° � y�$Ðx�y �¿��| z���w9z | ��� � x?s�³ À �¶yvu�óv��y � ï

T UWVXUWÓ ÔÕ�me7��n�\�^:bzil\Fasbdc�egf�h�ikj�c�e�f'bWa�bdc�e�i
�h�v��y ��|m� y���s � w�� |~� ��y�x�y � �=s � | w �~|~� w9z | �6�My � zÄ�?u���x?yv�¬z/� |~� �=yv��z��?u��#x?� | u�y�x?y � � � w ��� yv��u � x��6��z � w

�¥w�u�z | y¿���9 #¢¥£/¤=£6�9 Äy � z À �?��� | ¸¬y/w���x?y } sv��svu�w �~|~� w9z | �6� � �6� � ð ���#z | ��w � ï n �¯y � z � �?u�z��6�#z � y � w � w6�Âx�sv°?��z�x�y
� �²w6�?�?u�yv��z |~��� w } y6� � �6u � ����y kmlÁnqpµ� �=s � | w �~|~� y�w � �6u � ����� |~� ���²w��¥w � �=yvu�óv�h°=y/w�� � �6���hx?y ��| z��¥w9z | �6� � ��w�u�� |
� y �~� y � ��� |
� �6��zñ�¶� ����| ° � y � ï lÁ| � ��| ���?�U��s � w�� |~� ��y�x?y } sv��svu�w �~|~� w9z | ���Uy � zñ�?s � y ��� w | u�y��=���?utu�y{¸¬yv� | u � ��u
x�y �¿� �=s � | w �~|~� w9z | �6� �o| ��w�x�sv���¥w9z�y � ï

n �6����y � y���s � w�� |~� ��y�x�y � �¶s � | w �~|~� w9z | �6��� � y���s � w�� |~� ��y�x?y } sv��svu�w �~|~� w9z | ������y¾z�yv��Öt��¸�u�y�x�y �
¹ yv�?u |~� z | ���?y � x?y®��w�� | �vu�y À �#z |~�~|~� yvuqw���z�w���zq�#�?yô�¶� ����| ° � y � � | �����6u���w9z | �6��x?y � w�°=��� � � y � yv� � �6u | ð ���¡z�u | � y6�
� �6��z�u�w | u�yv��y���z À�lonqp ��� | yv��� � � | ytx�y � w �~} �6u | z ¹ ��y �¿} sv��s{z | �#�?y � ï

± w } s��?svu�w �~|~� w9z | �6�§u�yv�=� � y6�=y �~� yÄw�� ����| � � �?uÁx?y � y � z | ��w9z | �6� � ï È �?yñy � z | ��w9z | �6�
eig
��y � �?u�y � �²w���s �~| �¡ð

u�w9z | �6�'w9z�z�yv�?x��?y®��w6u � w } sv�?svu�w �~|~� w9z | �6�µx�w6� �q� wÂ��w�u�z | yt�#�¡ #¢¥£/¤¥£��9 Ðx�y � �²w9z�z�u | °��#zox?y®u�w�� }
i � �6� ��| x?svu�s6ïlô| � ��| �Æ���?y�¸6w � yv��u

eig
y � zñw ��� � � | svy À ��¹ w��#�?y�w9z�z�u | °��#z � �=s � | w �~|~� sÂx?y � w��¥w�u�z | y��#�¡ #¢�£9¤¥£��9 Æï È ��y�z�y �~� y

y � z | ��w9z | �6�µs{¸�w � �?ytx�w6� � �#�?y �~� yt��y � �?u�y � wÂ�¥w�u�z | y®©�«¬«#­�¤Ðx?� � � w ��� yv��uqx?y���yv��u�yvu�w | z¿Ê=w�° � y ��|�� �²w9z�z�u | °?��z
s¾z�w | zÁu�yv��� � w � sÉ��w�uq��� �Òõ ��°¶� � yÉö¥ï

n y � y � z | ��w9z | �6� �É� �6��zñ��z |~�~|~� svy � �¶�6�?u � u�s�yvutx?y��?�6��¸¬y�w���� � �6� � ð yv� � y���° � y � x?y � � w ��� yv��u � � À ��w�u�z | u
x�y � �6� � ð yv� � yv��° � y � x�y � � w ��� yv�?u ��| � | z | w��#��x?�6�¬z � y � ��w�u�z | y � ¦¥¨9¤=£6�9 Ñy{z�©�«¬«�­6¤ � ����z | x�yv��z | �#�?y � ï ± y �
���6�#¸¬y/w��#� � � w ��� yv�?u �o� �6��zô� � � �Á} sv�?s�u�w��#��� � yv��u¿���6��°�u�yÉy � zô� � � � �=y{z | zÁy{z |~�~� ���¯yv��z�u�yv��zô��w � y�� � �6� Ù¥| z
wv¸�y � x��²w��#z�u�y � � � w ��� yv�?u � x?� ��õ?� z��v��y6ï

�� S£p S£/�5§W¯°���l§x�F©�£Ê¡_�l§W¨d§�£¥�� S£p�X�~�ÊÅMÆCÇpÉË� �F¡��±¨x�°×��S©����5�m¨W§W£¥�~�5§��m©
l Ê��hx�y � w � � � � y�u � y � y � z | ��w9z | ��� � eig � k¼lonqp � ����z�u8Ì � y À ��¹ w����?yñ�¥w � x�y®z�yv��� �o� y � � � w ��� yv�?u � x?�6�¬z� wª��w�uÒz | yÐ¦�¨¡¤¥£��9 My � z�s } w � y À

at−1

��y{z�x��6��z � w§�¥w�u�z | y����9 �¢�£9¤¥£6�¡ M���¯y � z��¥w � w��?�¥w�u | svy À
st−1

ï n y �
� � w ��� y��?u � �?u����=� � yv��z � wÄ°=���?�?ytw � z | �6������w |~�q� yv��u � �6�?x | z | �6�µy � zËz�u��6� � �¶s � | w �~|~� svyt�=�6��uË����� |~�~� w | yv��z¿���
w6��z | � | �¶yvuvï

|�z{w���z¿x?�6���?sôx�yoz�y �~� � � w ��� yv�?u � ���=�6��u ��¹ w��#�?ytw9z�z�u | °?�#z � �¶s � | w �~|~� s®x?y � w��¥w�u�z | yt�#�¡ #¢¥£/¤¥£��9 Æ� kmlonqp
¸�svu | Ê�y ��|=� wñ�¥w�u�z | y®�#�¡ #¢�£9¤¥£��9 �x�� � � w ��� yv��u¼x?y¾¸ | yv�?x�u�w | z � �6���¥w9z | ° � yôwv¸¬y � st−1

��|=� �²w9z�z�u | °?��z � ��� ��| x?svu�s
s¾z�w | zÁ�?� �Òõ �Ä°=� � yÉö¥ï Ï w�� � � y � w � � � �¯y � z | ��w9z | �6� eig � ��� ��| x?svu�svyty � zÁ� |~� y À ³Ò�6�?u ¢
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(Îu�w�� ��| z | �6� ò»½¶y¾zou�svy �
st−1 at−1 st ¹ Ä { (st, st−1)� ���+���L� � �+� � ���	���L� � ��� �3� �

nÃ� w ��� yv�?u � � |~� y �oÀ ³��6��u
� ��ö^��ö3� � �+� � ��� �3� � Ø��'º ¹ Ä)�ÈÄÈ�'º
���L�%�'��Ä Éb½ Ê st−1

ï
® Ú»w � x?yt� |~� y À ³��6�?u� ��ö^��ö3� � �+� � ��� �3� � Ø��'º ¹ Ä)�ÈÄÈ�'º¦º��'º£���L�%�'��Ä Éb½ Ê st−1® ± w � ���?x | z | �6�'w���u�w | zÁs{z�sñw��?��w6u | svy ��|� yt��u�yv� | y�u¿w9z�z�u | °?��zÁwv¸6w | zÁs{z�s } sv�?s�u�w � ï
® l ¸¬y � �?��y � �6��x | z | ���µ� � � �¿} sv��svu�w � y6�� y � � w ��� yv��u¿w��?u�w | zo° | yv�hw���z | � | �=s6ï
® ± �¯y � z | ��w9z | �6�'x?�'�?u�yv� | yvu¿w9z�z�u | °��#zoy � z| � � u�s���yv�¬z�svy

� ��ö^��ö3� � �+� � ��� �3� � Ø��'º ¹ Ä)�ÈÄÈ�'º¦º��'º£���L�%�'��Ä Éb½ Ê st−1® ± w � ���?x | z | �6�'w���u�w | zÁs{z�sñw��?��w6u | svy ��|� yt��u�yv� | y�u¿w9z�z�u | °?��zÁwv¸6w | zÁs{z�s } sv�?s�u�w � ï
® l ¸¬y � �?��y � �6��x | z | ���µ� � � �¿} sv��svu�w � y6�� y � � w ��� yv��u¿w��?u�w | zo��w � w��¬z | � | �¶s6ï
® ± �¯y � z | ��w9z | �6�'x?�'�?u�yv� | yvu¿w9z�z�u | °��#zoy � zx?s � u�sv��yv�¬z�svy6ï

�Ð����1Ð2'4WÙF6~¸��iE�:�¹7»���H'IgA':GE�:qEq����<�C#�0�0��K+E.=L��H'Ig?DC�Ú;��K���I�C#?x��E�C��0�0��K



���,=��´³ÎûÆ��þ�ÿ�û�þ��b�¬ý��}$%�¸�	�ñùp
�ü���&¡ÿn��û�$��#"Z��&� ��{ÿvþ��}$%������&� ��vû�&5> "b��û;�q���'&�ÿq� � Ì

® ��|¶� wñ�¥w�u�z | yÁ©#«�«�­6¤�x?� � � w ��� yv�?u � ��u�u�y � �=���?x À�� �¯y¾½¶y¾z � w � � � � sôyv�����6� � z | �6��x?y st y¾zËx�y st−1

�#w � ��u �
��� � � w ��� yv�?umwv¸¬y � �?��yq�¥w�u�z | yo���9 �¢�£/¤=£6�¡ Ä� � � ��} s��?svu�w � yow��?u�w | z¼° | yv��w6��z | � | �¶s¿y{z � �¯y � z | ��w9z | �6��y � z
| � � u�s���yv��z�svy6ï

® ��|¼� w'��w�uÒz | y�©�«¬«�­6¤·x?� � � w ��� yv�?u��?y � �6u�u�y � �=�6��xM�¥w ��Àh� �¯y¾½¶y{z � w � � � � s�yv�S���6� � z | �6�Sx?y st y{zÄx�y
st−1

�Ëw � �6u � ��� � � w ��� yv�?u�wv¸¬y � ���?y§��w6u�z | yª���9 �¢�£/¤=£6�¡ ´� � � �Ð} sv��svu�w � y·w��?u�w | z���w � w���z | � | �=s§y¾z
� �¯y � z | ��w9z | �6�'y � zox�s � u�sv��yv��z�svy6ï

± y � y � z | ��w9z | �6� �®� �6��z | � � u�sv��y���z�svy � y{ztx�s � u�s���yv��z�svy �®� y � ���ª���?yÂu�� }6� yÂx?yK¼ | x�u���¾qð+¿Á��½Sx?y�z�w����
x��²w��?��u�yv��z |~��� w } y

β Û Á:Ü
ï ± y �¿| � � u�sv��yv�¬z�w9z | �6� �¿� �¯y¾½¶y � z��?yv�¬z � y � �6� � wÂ�,�6u���� � y ¢

eig ← (1− β Û ÁzÜ )eig + β Û Á:Ü
� y � x?s � u�sv��y���z�w9z | ��� �¿� �¯y¾½¶y � z��?yv��z � y � �6� � wÂ����u���� � y ¢

eig ← (1− β Û Á:Ü )eig
± y � ¸�w � yv�?u �¿| � | z | w � y �¿� �6��z

0.5
ï ± w�¸�w � yv�?u¿��w�u¿x?sv�,w���zox��¯���'w9z�z�u | °��#z } sv��svu�w � y � z

0.5
ï

�� ¤¯°�S¦���©X§�£�¯° ¤¢� Í×��S©����5�m¨d§�£¥�~�5§��m©
l ¸¬y �q� yË��s � w�� |~� ��yËy{z � y � y � z | ��w9z | �6� � eig � kmlonqp y � z � w��¥w�° � yËx�yËx?s{z�y�u�� | ��yvu ��| �?��w9z�z�u | °?��z�x��¯���?y�¥w�u�z | y��#�¡ #¢�£9¤¥£��9 ;x�y{¸�u�w | z��{z�u�y } sv�?s�u�w �~|~� sÐ���S��w � �Îy��S���6� � z | �6�Ñx?y �Ä| �¬z�yvu�w � z | �6� � x�� �Òõ�� z��v��y�wv¸¬y �

� �¯y���¸ | u����?�?y���yv��z9ï
Ï �¯���?y ��| z���w9z | �6�

st−1
À �?��y�w��#z�u�y

st
� � �²w � z | �6� � s � y � z | �6�?��svy at−1

�?u���¸¬������yñ���hy¾½¶y{z®u�svy � ©�r�����y
� �¯���ìx�s{z�yvu�� | �?y } u�« � y À;� w;����� � z | ��� ¹ Ä { x?s¾Ê¥� | y À;� w � y � z | �6� Ì�ï���ï��#ï k¼lonqp ��¹ yvu ��¹ y À;} sv��svu�w �~|~� yvu
� y � � � w ��� yv�?u � wv¸¬y ��� y{z�z�y���w�u�z | yÐ©�«¬«#­�¤My{z����?y��¥w�u�z | y�¦�¨¡¤¥£��9  � �6u�u�y � �¶�6�?x¥w���z À§� �²w � z | �6��yv�¬z�u�yv��u |~� y
at−1

ï n y � � � w ��� y��?u �q� �6��z � y �q� yv� �~�q� � � � yv�#z | ° � y � x��²wv¸¬� | uq° | yv�µw���z | � | �=s � y®�¥w � x?yÁz�yv��� � ��u�s � svx�yv��z/��y¾z
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x���z�w6° � y�w��hÌ�ï ² ï*Û � ��� õ wÂ�¥w � x��²w���z�u�y � u�s } � � w6u | z�s � y¾��� � � | z{w�° � y � ��w�u kmlonqp x�w�� � �ªw�@vy Í y{z��§w�@vy � ï

Ú
� |~� ���?y � yñ���6��°�u�ytz��¡z�w � x�y®z�u�w�� ��| z | �6� � x�w�� � �§w�@vy Í y{zÞ�§w�@vy � y � zôu�y � �¶y � z | ¸�yv��yv�¬zt��� ² y{zt� ²�² �
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� y � �?�6��°�u�y � �6��z | ��w6�#�'x�y � � w ��� yv�?u � ���?y kmlon¿p x�y{¸�u�w | ztw9z�z�y | ��x?u�y � �6����z�ytz�yv���§x?y � �6�h�,�6u���w �~|~� ��y
� �6��zÁu�y � �=y � z | ¸¬yv��yv��zñ�9��Ì ¬ 208− 93 + 8

­Ëy{z�� � � ¬
288− 135 + 8

­{ï
Ï yt� � � � � � �6����y � y � w�wÂs{z�st�,w | zÁ�=�6��u lonqp ¬ ?Ã�#z3@ ½ �l� Á ¶~�=���6�6��° ­ ��x?yt��w6� | �vu�y À x��6�?��yvu À�k¼lonqp� � � � x��¯� �v� w ��| �6� � x��¯�#z |~�~|~� yvu � w } sv�?svu�w �~|~� w9z | �6���¶�?�6� � wv¸¬�6� � w¡³��6�#z�sÄx?y � w¡z�z�u | °��#z �®� �?�?� � sv��y���z�w | u�y � y{z

� w�� ����|~} � | Ê � w9z | �6��w��#� ��| z��¥w9z | �6� � �¶yvu�óv��y � ï È �?yÃ¸6w � y��?u�w � s�w¡z�� | u�y��t�6� �qy � z¼w¡z�z�u | °��?svy À ��¹ w � �?��x��²yv�#�
w��'x?sv°��#zox�y ��¹ w����?yÉy ��� w | ï ± y��?uË¸6w � yv��uq��y ��¹ w6� } yÉ��w � z��6�#zôw�� � �6� } x?y � �¯y ��� w | ï n y � w¡z�z�u | °��#z � ���²w��#ð
�=��u�z�yv��z¿w�� � �?�?y | �����6u���w9z | �6����z |~� y Àñ� w�x |~� � u | � | ��w9z | �6�Ðx�y �Ã��| z���w¡z | �6� � y{zË�¶yv�#¸¬y���zË�{z�u�y |~} ���6u�s � ï�Ú��6�?u
�?� �Òõ�� z��v��yñx?sv�¶�6�?uÒ¸��'x�y � w���w � | z�s � x?y } sv��svu�w �~|�� w9z | �6��� � �6����yp!Þ#'º��ZY\[Ë� � y � w9z�z�u | °?��z � �����?yvu�w | yv��z
À � �6� ��| x?svu�y�umx?yo�?�6�Ä°?u�y�� � y �¼��| z���w9z | ��� � ���6�#¸�y �~� y � ï l ¸¬y � x?yv����w9z�z�u | °?�#z �m� �?��� � sv��yv��z�w | u�y � � � yo�?�6�Ä°?u�y
x?y ��| z���w9z | �6� � y � zm�Ä� � z | � �~| s¿��w�u����¥w9z�u�y6ï È � �Òõ�� z��v��y | � � w���w6° � y¿x?y } sv�?s�u�w �~|~� yvu�x�y{¸�u�w | zÃwv¸¬� | um�?��y �~|~� z�y
x?y ² Ì¬� ¬

208 × 4
­Ëz�u�w�� ��| z | �6� � �¶�6�?uÞ�§w�@vy Í y{zÂ�6� ø � ¬

288 × 4
­Ëz�u�w6� ��| z | �6� � �=�6��uº�ªw�@vy � ï^Ú�w�u � �6��z�u�y6�

x�w�� �Ë� w���y � �?u�yô�L§ � y � �?���#¸¬y�w�����w¡z�z�u | °��#z � �?y � �6�¬zqx��²w�� � ���?yô�#z |~�~| z�sô�¶�6�?uÃx |~� z | � } ��yvu � y � x | ½¶svu�yv��z�y �
��| z���w¡z | �6� � � � y��?�6�Ä°?u�y�x?y � � w ��� yv��u � �¶�6�?u kmlonqp x�y{¸�u�w | z�u�y � z�yvu � y����v��y����#�?y � ����y � � | z � y��?�6�Ä°?u�y
x��²w9z�z�u | °��#z �¿� �?��� � sv��yv��z�w | u�y � w¡³��6��z�s � ï

THUWTHU�T ]Í��i�`�^Wa�\]a�i�h_^ �%��nsb:ãähFe�a�\_`K^
n ������y§�=�6��u lonqp ¬ ?¼��zA@ ½ �Æ� Á ¶~�Ã�6�6�6��° ­ �m�=�6��u�u�yv��x?u�y � �6���#z�yhx�y � �¯s{¸¬� � ��z | �6� x?y � wUÊ¥w�° |~�~| z�sy{zÄx?y � w � �6��� � s{z��?x?y�x?�M����x?� � yÐw�� � �6��u � x?�·z�yv��� � � �?��� � ��z |~�~|~� �6� � �?�?y���y � ��u�y�x?�M�=�6��u � yv�¬z�w } y

x?y � �6����w |~��� w�� � yh���6��u�� | ��w6u � y§����x?� � y�ïlÚ��6��u ��¹ w����?y'z�u�w�� ��| z | �6� �=� ����| ° � y§x�w�� �Ð� �¯yv��¸ | u��6�?��yv��y���z/�
�?�6� � ¸¬svu | Ê��6� �É��|�� y ��õ?� z��v��y�x?y � � w ��� yv��u �É� w'����x�s �~|~� y � �6u�u�y � z�yv��y���z/� � �¯y � z�ð À ð x | u�y � � |~� w��¬z | � | �¶y��?�?y
� yv� � y ��| z���w9z | �6��� � y �~� y���� | y � zôyv½¶y � z | ¸¬yv��yv�¬z®�6° � yvu�¸¬s�y6ï ± y��=�6��u � yv��z{w } yñx�y � �6����w |~��� w�� � yñy � z � ytz{w��#�
x?y�z�u�w�� ��| z | �6� � ° | yv�Ñ���#x?s �~|~� svy � �¥w�u � y �Òõ�� z��v��y6ï n y{z�z�y���y � �?u�yÐ�?s � y ����| z�yÐx?y � �6�?��u�����z�yvu � yÐ���#x?� � y
w��?��u |~� ��w�u � �²w } y���z À ���U���#x?� � y���w6u��,w | z � ���?���U�¥w�uÉw |~�~� yv��u � ï�ò �~� y��?y��¶yv�#zñx?��� � ��w � �{z�u�y�y¾½¶y � z��?svy
��w�u � y �Òõ�� z��v��y � � | ð ���v��y���� |~� �����¯y �~� y � �?�?�¶� � y��?�?y � �6�?��w |~��� w�� � y���w�u��,w | z�y�x?y � �¯yv��¸ | u��6���?yv��y���z�x?� �
� y�x?s�°?�#z�x�y � �²w��?��u�yv��z |~��� w } y6ï�Ú�� |~� ����y±�§w�@�y Í y{zÊ�ªw�@vy � � �6�¬z�x?y � yv��¸ | u��6�?��yv��y���z �Â��| ��� � s � ���6��yv�
w'�?��y � �6����w |~��� w�� � yÐ��w�u��8w | z�y�y{z |~� x?y{¸ | yv��zÄ�¶� ����| ° � y�x?y���y � �?u�y�u � �²s{¸¬� � �#z | �6�Sx?y � yÐ�=�6��u � yv��z{w } y�x?y
� �6����w |~��� w�� � y6ï

n ������yô�¶�6�?u lonqp � � �²w } y���z �{¹ � |~��| z � y � w � z | �6� � w � s�w9z�� | u�yv��y���z/ïS(Î�6� �Ã� y � u�s � � � z�w¡z � �?u�s � y���z�s �Ã� �6��z
x?y � ��� õ yv�?��y �¼� �?uÁ���6�ñy{���¶svu | yv� � y � ï3Ú��6�?u kmlon¿p � � wtz�w |��~� y θe x�y � wtz�u�w � yÁx?yÁ��w�u��#�?yv��u � y � zÃs } w � y À 5y{z � y � z{w��#�'x��²w��?��u�yv�¬z |~��� w } y

β yÃÀ¥ÁdÂ
y¾z
β Û ÁzÜ

� �6��zôs } w��#� À
0.1
ï n y � z�w��#�'x��²w��?��u�yv�¬z |~��� w } y � �6��zÁ��z |~�~|~� s �

x�w�� �m� y � u�� }6� y � x?y%¼ | x�u���¾qð+¿Á��½µ�=�6��u��¶yvu���y{z�z�u�y � wt� |~� y À ³����?u�x�y � x | ½¶svu�yv�¬z�y � y � z | ��w9z | �6� � ��z |~�~|~� svy �
�=���?u � w � �¶s � | w �~|~� w¡z | �6�'y{z � w } sv��svu�w �~|~� w9z | ����ï

± y � Ê } �?u�y � Ì�ï~�����ÆÌ�ï~�/��y{ztÌ?ï~� Í ������z�u�y���z � �¯s{¸¬� � ��z | �6�ªx?�§�¶�6�?u � yv��z�w } yÄx?y � �6�?�¥w |~��� w�� � yÄw�� � �6�?u �
x?y � ��w � x�yÃz�yv��� ��� � ��� y ����| � � � � �6u � ����y kmlonqp s{¸¬� � �?y¿x�w�� � �§w�@vy Í wv¸�y � u�y � �=y � z | ¸¬yv��yv��zÃ���?�¿y{zË�®w9z�z�u | ð
°?��z �Ë� �?��� � sv��yv��z{w | u�y � ï ± y � Ê } ��u�y � Ì�ï~�6�6��Ì�ï~��ÌÂy{zoÌ�ï~� ø ���6��z�u�y���z � �¯s{¸¬� � �#z | �6�µx����?�6�Ä°?u�y®x�y � � w ��� yv�?u �
x�w�� �o� y � ���v��y � � �6�?x | z | �6� � ï ± y � Ê } ��u�y � Ì�ï~� � �¶Ì�ï~� ² �¶Ì�ï������¶Ì�ï~� ­ �=Ì?ï~� ÷ y¾z®Ì�ï��#�����6��z�u�yv��z � y � u�s � � � z�w9z �
� �6u�u�y � �=�6��x�w��¬z � �=�6��u �§w�@vy � ï

± ytz�w�° � y/w��hÌ�ï ÷ u�s � ����y6�¥�=�6��u ��¹ w � ���?yñx?y � y{�?�=svu | y�� � y � � � w���� õ yv���?yñy{z � �²s � w�u�zoz õ �¶yÉx?�h�?�6�Ä°?u�y
x?y � � w ��� yv�?u � �6°#z�yv��� � �¥w | � ��| ���?y � y �¿� z�w¡z |~� z | ����y � w9z�z�w ��¹ svy � w��'�?�6��°�u�ytx�yÉ��w � x�yôz�yv��� � ��s � y ��� w | u�y �
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Pourcentage de connaissance pour Maze4 sans attribut supplementaire
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Pourcentage de connaissance pour Maze4 avec 1 attribut supplementaire
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Nombre de classeurs pour Maze4 avec 1 attribut supplementaire
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À�kmlonqp �¶�6�?uÁw9z�z�y | ��x?u�yñ�?�h�¶�6�?u � yv��z�w } yñx?y � �6�?�¥w |~��� w�� � y�x?y���ï ÷6÷ ï ± y � y¾���=svu | yv� � y � �6��zÁz��6�#z�y � s{z�s
��yv�?s�y �Ë� �?uq���Â�6�6�Ä�¥w � x?yoz�yv��� � ï ± yô�?����°?u�y®x?y � � w ��� y��?u � ��°#z�yv�#� � y � z¿x?�6� �®� y � � | ��� | wÄs{z�s®w¡z�z�y | �¬z
w6�?u�� � � yÉx?s � w | ï

Ï ��u�w���z � y � �?u�y�� | yvu � ��w � x�yµz�yv��� � � � y§�=�6��u � yv��z{w } y§x?y � �6�?�¥w |~��� w�� � y � u��Hd�z�z�u�� � ¸ | z�y6ïÃò
� yv��ð
�,y{z/� kmlon¿p ����x�s �~|~� y�u�w�� | x?yv��yv��z � y � z�u�w�� ��| z | �6� � ��� | ��y���u���¸¬���#�?yv��z�w6� � ��� ��¹ w�� } yv��yv�¬z�x¥w�� ��� y �
��| z��¥w9z | �6� � �¶yvu�óv�?y � �¶�?� |~� �#�?yÉz�u��6�#¸¬y�u � y � ��w�u�z | y � �#�¡ #¢¥£/¤¥£��9 §w��?��u��6�?u | svy � �?yÄ�?s � y ����| z�y��#���¯���?y � yv� � y
� �¶s � | w �~|~� w9z | �6�����=�6��u��=yv�Â���?y � y{z�z�y � �¶s � | w �~|~� w¡z | �6� � � | z } � | x?svyË��w�u»x?y � y � z | ��w9z | �6� � Ê¥w�° � y � ï ± y � w��#z�u�y �
z�u�w�� ��| z | �6� �
� �6��z�� � � � � �6��� � y{��y ��À ���#x?s �~|~� yvu»y{z9� À ��y � ��u�yË���?y � yË����x?� � yËx?y{¸ | yv��z�� � � � � �6��� � y¾z/� � �¯y{�#ð
� � �6u�w9z | �6�Ðw � s�w9z�� | u�yo�����?u�� | z¼x�y¿��� | � � yv����� | � � ��u�sv���?y�����y���zÃx�� | �?�,�6u���w¡z | �6� � �#z |~� y �¼ÀÉ� �²w���s �~| �6u�w9z | �6�
x��µ����x?� � y�ï ± y � � �6�?u�°=y � x��¯s{¸¬� � �#z | �6�'x?�µ�¶�6�?u � yv��z�w } ytx?y � �6�?�¥w |~��� w�� � y � �6�¬zox��6� � w �Òõ ���#z��¡z | ����y � ï

± y � x�s } u�w�x¥w9z | �6� � x�yo�=yvu����6u���w�� � y �¼� �6u � ����y � �¯�6�Ðw�³��6�#z�yÁx?y � w9z�z�u | °?�#z �m� �?��� � sv��yv��z�w | u�y �m� yv�Ä° � yv�¬z
� � � �Ã| ���¶�6u�z�w6��z�y � �=���?u'�ªw�@vy Í ����yÁ�¶�6�?u'�§w�@vy � ï n y � w � �¯y{�?� �~| ����yÁ�¥w�u � yÁ�,w | zË����y6� � �6����y��ªw�@vy � y � z
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,.-0/.1*2'4�5At�6.M�OdP�Q�6%��ÑF�#?uH!���0��K»A�Hz=!�#H'I8ó
Bq:�K3�)C�Ú;:±A;:±BG��K+K�C���EjEbC�K�Bq:�=L��H!Iº¸�CMLZ:+t
C�Ñ�:jBgÎkC#���0Iq��a�H!�0ElEqHZ=�=�?`��<�:�K��)C���Ij:qE�4

0

50

100

150

200

250

300

350

400

0 2000 4000 6000 8000 10000

no
m

br
e 

de
 c

la
ss

eu
rs

pas de temps

Nombre de classeurs pour Maze4 avec 2 attributs supplementaires

,.-0/91 2'4�5.ª;6 M�OdP�Q 6 ��ÑF�#?xHL�0����K A�H
K���<ea�Ij:�A;:�B�?`CFEjE�:�H!IGE�=L��H!IH¸�CMLZ:+tÆC�Ñ�:jB
ÎÆC#���0Iq��a�HL��ElEqHZ=�=�?`��<}:�K3�)C���Ij:qE�4

0

0.2

0.4

0.6

0.8

1

0 2000 4000 6000 8000 10000

po
ur

ce
nt

ag
e 

de
 c

on
na

is
sa

nc
es

pas de temps

Pourcentage de connaissance pour Maze6 sans attribut supplementaire
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Nombre de classeurs pour Maze6 sans attribut supplementaire
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Pourcentage de connaissance pour Maze6 avec 1 attribut supplementaire
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Nombre de classeurs pour Maze6 avec 1 attribut supplementaire
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���?u�yv� | yvu �~| yv��� � �=s � | w �~|~� y�u»�?� | ����yv��yv�¬z � y � w9z�z�u | °?��z � ��� | ��¹ w�� } yv�¬z�x��¯�?�Â�¥w � x�y¼z�y���� ��À®� �²w��#z�u�y
�¶yv�#zqyv���¶� ��¹ yvu¼x�� | x?y���z | Ê�y�u � y � w9z�z�u | °?��z � ¸�u�w | ��yv�¬zË�¶yvu�z | �?yv��z � �=�6��u � w � �¶s � | w �~|~� w9z | �6���#���v��y � � |~�~� ��y
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�¶yvu���y{z��¥w � �?��y§x |~� � u | � | �¥w9z | �6�ºw�x�sv���¥w9z�y6ï Ï w�� ��kmlÁnqp � � �²w9z�z�yv�¬z | �6� �¶�6u�z�svy ÀS� w � sv�¥w�u�w9z | �6� x�y �
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�§yv½¶y{z/� � w���s¾z ¹ �#x?y��#z |~�~|~� s�y���w�u kmlonqp �=�6��u � �=s � | w �~|~� yvuv�=yv�
x�s � �6u�u�s � w���z � y � ��w�u�z | y � ©�«¬«�­6¤§y{zÄ���9 #¢¥£/¤=£6�9 Æ���¶yvu���y{zñx?y��?y � �=s � | w �~|~� yvut�#�?y � y � w9z�z�u | °?��z � x?����zñ�6�
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Å �6� � ���6�¬z�u��6� � w |~�~� yv��u � ¬ r®s�u�w�u�x ½ ��� Á ¶~�Î���6��� ­ ���?y kmlonqp �����v��y��?u | ¸¬s�x?y � �6�;��s � w�� |~� ��y�x�y} sv�?svu�w �~|~� w9z | �6���#��u���x�� | zq��� | � � x�y � � w ��� yv��u � ����� lonqp wv¸¬y � � y ��| yv��ï n �¯y � z � y � w � �¥w�u � y®���?y kmlon¿p �,w | z
w ��� y¥@��=y��·x��¯yvu�u�yv�?u � ����w��¬zñw�� ��¹ � | �·x?y � w9z�z�u | °��#z �ÉÀ�� �¶s � | w �~|~� yvu��Æ�?u | � � | �¥w � yv��y���zñ��w�u � y����?y kmlonqp
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¹ yv��u |~� z | �#�?y � ï
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Ï w6� �ôlon¿p � � wÐ�?u��6° � sv��w¡z | ���?yÄx?y � �²w���z | � | ��w9z | �6�·wv¸6w | z � �6��x?� | z p z�� � @v��w��?� À x�s¾Ê�� | uÁx?y � ¹ yv��u |~� ð

z | ���?y �m| � � � | u�svy � �¥w�u � y � z ¹ sv�6u | y � � �Òõ �{¹ � � � }6| �#�?y � x?yº¿o��½Æ��w��?��ï n y � ¹ yv�?u |~� z | ���?y �m� �6�¬z¼��z |~�~|~� svy � �=�6��u
� w � �¶s � | w �~|~� w¡z | �6��� y{z � w } sv�?s�u�w �~|~� w9z | �6�My � z�x?s¾¸¬� � �?y À ���;w �~} �6u | z ¹ ��y } sv�?s{z | ���?y�ï Ï w�� �®k¼lonqp �Æz���� �
� y � ��s � w�� |~� ��y � �?u�s ��| x¥w���z À�� w � u�s�w9z | �6�'x?y � � � w ��� y��?u �¿� �6��zÁx?y � ¹ yv�?u |~� z | ���?y � ï

± y � u�s � � � z�w¡z � y{���¶svu | ��yv��z�w������?u�s � y���z�s � x�w�� ��� w � y � z | �6��Ì�ï²Ì?ï²Ìt���6��z�u�yv��z¼�����?y{zËwv¸6w���z�w } y¿x�y¿�=y�u�ð
�,�6u���w6� � y � �¶�6�?u kmlonqp ���¥w�u¿u�w��?�¶�6u�z À�lonqp ï	Ú��6�?uÁw��#z{w���z/� � y � ¹ yv��u |~� z | ����y � �#z |~�~|~� svy � ��w�u kmlÁnqp yv�
�~| � | z�yv�¬z � wÂ�¶�6u�z�s�y6ï?ò����¥w�u�z | � � �~| yvu�� |~��� ytu�s{¸�s � yvu�w | z | � � w���w6° � ytx?y®��u�yv��x?u�ytyv� � �����#z�y®x?y � yv��¸ | u��6�?��y{ð
��yv��z ��� z�� ��¹ w � z | ���?y � ï Ï � ��� �6u ��� y¿�=� � y � wt���?y � z | �6� � � | ¸6w���z�y ¢ ¸6w6�#z�ð |~� � | y��#���#z |~�~|~� yvu�x�y � ¹ yv�?u |~� z | �#�?y �
����x�y � w �~} �6u | z ¹ ��y �Ë} sv��s{z | ����y � � ± yoz�u�wv¸6w |~� �?u�s � y���z�s | � | ��yô�¶yvu���y¾zq��w � x�yôu�sv�¶�6�?x�u�yôx?s¾Ê¥� | z | ¸�yv��yv�¬z
À � y{z�z�y����?y � z | �6���=��w |~�ô|~�Î� w � �6� � �{¸¬y�yv�§�?u��6�=� � w���z®���?y�w � z�yvu��¥w9z | ¸¬yÄw����hw �~} �6u | z ¹ ��y �ô} sv��s{z | ����y � �¥y¾z
y��'w¡Ç ��¹ w���zÁx?y � �=yvu��,�6u���w6� � y � w �v� u��?y � �¥w�uqu�w����=�6uÒz ÀÂlÁnqp ï

n y{z�z�y·�#�?y � z | �6�\��y � �6� � yvu���yU��w � ���?y � y �µ�Òõ�� z�����y � x?y � � w ��� y��?u � x?s{¸¬� � � �'À�� �²w��¬z | � | �¥w9z | �6�\y¾z
� �²w6�?�?u�yv��z |~��� w } y � w¡z�yv��ztx��¯�?�ª����x�� � yÄx?y � �¯yv��¸ | u��6�?��yv��yv�¬z/�¶��w |�� z��6� ��¹ y � �¯yv� � yv�Ä° � yÄx�y �ô�Òõ�� z��v��y � x�y
� � w ��� y��?u � ï Ï s�³ À ��x�w6� � B n¿p ��x�y � ¹ yv�?u |~� z | ���?y �t� �6�¬zñ�#z |~�~|~� svy � ï p y � ��s � w�� |~� ��y � x?y � �6�#¸¬yvuÒz��?u�y�y{zñx�y
� ��° � �6����z | �6����z |~�~|~� s ��� �6��z�x?y � ° | w |~��| ��z�u���x�� | z � x�w6� � x?y � w �~} �6u | z ¹ ��y ��} sv�?s{z | ���?y � ï ± w � �6�#¸¬y�u�z��?u�y
�¶yvu���y{z/��x?� � �#���¯�?��y ��| z���w9z | ���Ðy � zË�¶yvu�óv��yÁy{zË�����²w�� � �?�?yÁ�¥w�u�z | yô���9 �¢�£/¤=£6�¡ �x?y � � � w ��� yv��u � �?y � w��?u�yv��x
y�� � �6���#z�y6�mx?y � u�svyvuÐ�?� �?�6�#¸�y�w�� � � w ��� yv��u��#� | � ���#¸�u�y � w ��| z��¥w9z | �6� yv�ì�#�?y � z | ����ï n y§��s � w�� |~� ��y
x�y � �6�#¸�yvu�z���u�yÐy � zÂ�?u����?u�y À B nqp �Îy{z |~� ° | w |~� y � y � w �~} �6u | z ¹ ��y �Ä} sv�?s{z | ���?y � ���?u � �Îx�w�� ��� y � ����y �~�Ä� y �
� �6�?x | z | �6� � �?y � �6��zÂx�s � �6�#¸�yvu�z�y � ���?yÐ�¥w�u � y � ���=svu�w9z�yv��u � x?yÐ�Ä�#z�w9z | �6�Sy{zÂx?y � u�� |~� y���yv�¬z/ï lÁ| � ��| � � w
� �6�#¸¬yvuÒz��?u�y®y � z¿�?�?y ¹ yv�?u |~� z | ���?y�ï ± w � �?° � �6����z | �6��yv��y � zo�?�?ytw���z�u�y6ï Ï � � �#�?y6����w6u�� | x�yv�#� � � w ��� yv��u �
Ê=w�° � y � � � �¯�?�Uy � zÉ� � � �t} s��?svu�w � ����y � �²w���z�u�y�� � y���s � w�� |~� ��y | �?x�� | zÉ�#�?y � yv� �»� y��?u�y�� | yvuty � z � ��� � yvu�¸¬s6ï
n y � x?yv��� ¹ y��?u |~� z | �#�?y � w���s �~| �6u�yv�¬zo���¡z�w�° � yv��yv�¬z � y � �¶yvu��,�6u���w6� � y � x?y�B nqp ï

ò
���6�#z�u�y6� � y � w �~} �6u | z ¹ ��y �Î} s��?s{z | ���?y � �9���v��ym�?�6��° | w |~� s � ��w6u x?y � �6�¶svu�w9z�y��?u � x?y � �6�#¸¬y�u�z��?u�ym�6�ñx�y
� ��° � �6����z | �6��� � �6��z¿yv���,w | zqx?y � ¹ yv�?u |�� z | ���?y � �=���?uÃu�s � �6��x?u�y � y � �?u��6° � �v��y �Ã} sv��svu�w����Ðx��¯���#z | � |~� w9z | �6��ï
n y � ¹ yv��u |~� z | ����y � �#z |~�~|~� y���zÎx?y � ¸6w � yv�?u � � s � y � z | ¸¬y � � �6�6³�� | ��z�y���yv�¬z À x?y � �6�=s�u�w9z�yv��u � x�y � u�� |~� yv��yv��zÎy{zÎx�y
�Ä�#z�w9z | �6�·�=�6��u®w �v� s � svu�yvu � w � �6��¸�yvu } yv� � yÂ��w�u®u�w��?�¶�6u�z À ���?yÄu�y ��¹ yvu ��¹ y�w � s�w9z�� | u�yÂ�6� �Òõ�� z�sv��w9z | ����y6ï
Ï w�� �Â� y � w�x?u�y�x�y ����õ?� z��v��y � x?y � � w ��� y��?u � �»x?y � �6�¶svu�w9z�y��?u � x�y � �=s � | w �~|~� w9z | �6�4y{z�x?y } sv�?svu�w �~|~� w9z | �6�
y¾��� �~| � | z�y � u�yv��x?yv�¬z'�¶� ����| ° � yU�?�\u�w¡Ç���yv��yv�¬zhx?y � ¹ yv��u |~� z | ����y � w ��� � � | s�y � ïnÛ � y � z§w � ��u � �=� ����| ° � yUx�y
��wPd~z�u |�� y�uËx?y � ����x | Ê � w9z | �6� � �=���?u�z�w6��zow |~� sv��yv��z | x�yv��z | Ê¥w�° � y � �f����ÄÈ�'��Ä � ������y � �6� � ð �6��z | ��w � y � yv� � y
�#� | � �6� � yvu���y � �²w���s �~| �6u�w9z | �6�Sx��;����x�� � y6ïÎò��M��w�uÒz | � � �~| yvuv� � y�u�y���� � w � yv��y���zÄx��¯��� � � w ��� yv�?uñ� � � |��~� w���z
�¥w�u��?� � � w ��� yv��u�� � � �µ} sv�?s�u�w � ���²w�w�� � �?��y ��¹ w�� � yªx��²w���s �~| �6u�yvu � wMÊ=w�° |~�~| z�s·x?�º����x?� � y�ï Ï y§z�y �~� y �
} sv�?svu�w �~|~� w9z | �6� � �?y§x�y{¸�u�w | y���z��{z�u�y§y¾½¶y � z��?s�y � ���?y§x�y§��w�� | �vu�y§��y � �?u�s�y6�¼�=���?uÐs � w�u }6| u � �¯y � �¥w � y§x�y
u�y ��¹ yvu ��¹ yÉy{zos{¸ | z�yvuqx�y � ���^�ÈÄ)¼�� � � � w����Æï

p#|�� y � w ��} �6u | z ¹ ��y �o} s��?s{z | �#�?y �o� �6��zoz�u�� � �#z |~� y � �=���?uow9z�z�y | �?x?u�yÉ�?�'�6��z | ����� }6� ��°�w � y¾zÁy{��� � �6u�yv�¬z
yvÇ � w � yv��yv�¬zÂ���;z�u�� �Â� w�u } y � �¶y � z�u�yÐx?y � �²y � ��w � y�x?y ��� � � ��z | �6� � ���6�S�¶yv��zÂyv�Su�y¾¸6w�� ��¹ y � u�w | �?x?u�yÐ����y
� y���y � � | zÐw��4x?s¾z�u | ��yv��z�x?y � y��?u�u�w�� | x | z�s À z�u��6��¸¬yvu��?�?y � � � �#z | �6��ï ± �¯��z |~�~|~� w9z | ���4x��¯y � z | ��w9z | ��� � y¾z
x�� ¹ yv��u |~� z | ����y � �¶�6�?u } � | x?yvu � wqu�y ��¹ yvu ��¹ y�x?y � � w ��� yv��u � Ê¥w�° � y � x?� | zÎ�¶yvu���y{z�z�u�y
x��²w �v� s � svu�yvu � y��?u�� � y ��� � � ï
�ªw |~� �¶�6�?uË�?y®��w �Ë� �6�?½¶u | uËx?y � ���v��y � �?u���° � �v��y � ����y kmlÁnqp ���6���=yv��zqx?svÊ�� | uËx?y � ¹ yv�?u |~� z | ���?y � � � � �
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� �6�?� � y � �¶�6�?u��¶yvu���y{z�z�u�yÐx�yÐ�?u�yv��x?u�yÐyv� � �6���#z�yÐx�y � yv��¸ | u��6�?�?y���yv�¬z ��� z�� ��¹ w � z | �#�?y � �6�Ss{¸ | z�yvu�x?y ����^�ÈÄ)¼�� � � � w����Æï

£ �?y � �#�?y �o� � | yv��z � y � ¹ y��?u |~� z | �#�?y � �6�hw �~} ��u | z ¹ ��y � ��z |~�~|~� s � ���?��� � ���6��z�u��6� � x¥w�� �o� y ��¹ w�� | z�u�y � � | ð
¸6w��¬zq�#�?y � y � �,�6u���w �~|~� ��y � x�� lonqp y¾zqx�y kmlonqp ��yô�¶yvu���y¾z�z�yv�¬zq��w � ��x?yÁz��6��z�y � �8w�óv�6� � ��x��¯y¾���?u | ��yvuË�?�
� yvuÒz�w | �h�?�6�Ä°?u�yñx?yñu�s } � � w�u | z�s � ï ± y � � w��¥w � | z�s � x?y � y �o�Òõ�� z�����y �ÁÀ�} sv�?s�u�w �~|~� yvu � �6��z �~| � | z�svy � ��w�u � yv�?u
���6u���w �~|~� ��y�ï Ï w�� �®� y ��¹ w�� | z�u�y � � | ¸6w���z/�Æ�?��� � ��u��6�¶� � ��� � �?�·�?���#¸¬y�w��·�,�6u���w ��|~� ��yÂ�=�6��u � �²w6�?�?u�yv��z |~� ð
� w } y � w9z�yv��z�x¥w�� �»� y �»�Òõ�� z��v��y � x?y � � w ��� yv��u � ��y{z��?�6� � �?u�s � y���z��6� � ���Ä���6�#¸¬y�w6� �Òõ�� z��v��yÃ�¶�6�?u � �¯��z |~�~|~� yvu ¢
� lÁnqp ï
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² � � ����� | � | �¡�?��� � wv¸¬�6� � y{��� �~| ���?s � �6����yv��z kmlon¿p u�s�w �~|~� yÃ���Âw����?u�y���z |~��� w } y � w9z�yv��z��=���?u � �6� � z�u�� | u�y
���U����x?� � y�x?y � z�u�w�� ��| z | �6� � x¥w�� �É� �¯yv�¬¸ | u��6���?yv��yv��z/ïÐÛ � s{z�w�° �~| zñ���?y �~|~� z�y�x?y � � w ��� yv�?u � � ��¹ w � �?�;x��¯yv���
u�yv�?u�s � y���z�w��¬zm�?��yq�6��� � � ��| yv�?u � z�u�w�� ��| z | �6� � ï ± w } sv�?svu�w �~|~� w9z | �6���=yvu���y{zmx�yqu�yv��u�s � yv��z�yvu
x�y � u�s } � � w�u | z�s �
x¥w�� �¿� w�x õ �¥w�� | ����ytx?y �q| �¬z�yvu�w � z | �6� � wv¸¬y � � �¯yv��¸ | u��6�?��yv��yv�¬z/ï

Ï w6� � � y ��¹ w�� | z�u�y6�¡�?�6� �Î| x�yv��z | Ê��6� � x�y � u�s } � � w�u | z�s � ����y¼� |�lÁnqp � |�kmlon¿p ��y¼�=yv��¸¬yv��z
u�yv�?u�s � yv��z�y�uvï
Å �6� � �?u��6�¶� � �6� � � lonqp �?�#� | �#z |~�~|~� yÉ���'�?�6�#¸�y�w��'���6u���w �~|~� ��yÉy¾zox�y � ¹ yv�?u |�� z | ���?y � z�u�� �o� y���° � w�° � y �ÁÀ
� y �~� y � x�s{¸¬y � ���?�=s�y � �=�6��u kmlonqp �=���?uÃz�y�� | u � �����#z�ytx?y � y � �?�6��¸¬y �~� y � u�s } � � w6u | z�s � ï
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n �6� ��| x�svu��6� � ���Uw } yv��zñx�w�� � ���·���6��x?yÂx�y � w � y � ï n ¹ w����?y � w � y��=yv��zÉ�{z�u�y �~| °�u�yÂ�6� � �6��z�y�� | u®���
��° � z�w � � y�ï ± �²w } yv��zÁ�=yvu�óv� | z � y � ¹ � | z � w � y � w�x6³Òw � yv�¬z�y � ¬ ���¶�6�?uq���?y � w � y �~| °�u�yty{zk�t�=���?uq�?�µ�6° � z{w � � y#­{ï
± y � ¹ � | zÃw9z�z�u | °��#z � �¶yvu�óv� �m� ����zÃ�?u |~� x�w�� �m� y � yv� � x?y � w |�} � |~�~� y � x��¯�?�?yo���6�¬z�u�y6�¬yv� � �6����yv��ó�w���zÃ�¥w�u � w
� w � yôyv���,w � y®x�y � �²w } yv�¬z/ï ± ��w } yv��z¿�¶yv�#z¿wv¸�w�� � y�uÃ�6�Ðz��6��u��?y�uÃx?y ÷ �Äx�y } u�s � Ü�´ôx�w6� �Ë� y � y�� � x?y � w |~} � |~�~� y �
x��¯�?��yt���6�¬z�u�yt�6�'x�w6� �¿� y � yv� � � �6��z�u�w | u�y6ï
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Dernière situation ayant
donné lieu à une mauvaise

Dernière situation ayant
donné lieu à une bonne
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Nombre d’anticipations erronées

Nombre d’anticipations correctes
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yv��¸ | u��6�?��yv��y���z/ï Å �6� � wv¸¬�6� � ������z�u�s À � y{z�z�y�� �v� w ��| �6�§���?y��¥° | yv�h�#���¯�#z |~�~|~� w���z � y����v��yñ�,�6u���w �~|~� ��y6�
kmlon¿p w����?u�y���w | zo� � � � ¸ | z�yt����� lonqp �#z��6��zoyv� } sv�?svu�w �~|~� w���zÁ� | y��#�Æï

Ï w�� � � y{z�z�yq�¥w�u�z | y6���?�6� � � �6����w�u���� ��� y � � w���w � | z�s � x�y k¼lonqp y{zmx�y � lonqp�À y¾��z�u�w | u�yqx�y � ���#x?� � y �
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� �²w����?u�yv�¬z |~��� w } y���w�uÄu�yv�����6u � yv��yv��z�x�w�� ��� y ��¹ w�� | z�u�y ø ï ± y � u�s � � � z�w9z �Â� ����zÂx��6�?��s � x�w�� �Ä� w � y � z | �6�
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�6�¶yvu�ó�� | z � w ��| z��¥w9z | �6�
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÷ � ù�ú¶û¾ü¶ý�þ�ÿ��ef���· �ñùp
£��ÿ��Òü¶ÿ��������=þ	û�þ�ý��;�¦$%������&� ����������¿ÿ����^&;��û¡ÿ�ý�þ����¼ü���&¡ÿg��· û¾ü?üÆÿ����=þ!ý��q�{û����d��û�þj���=þ
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�§w�@vy/� ø �#���§w�@vy/� ²�² y{z��§w�@vy�Ì�� Í ï ± y � x?y��#� �Òõ�� z�����y � � ����¸¬yvu } yv��z¿z��6�6³��6�?u � ¸¬yvu � ���µ���#x?� � y � �6��� � y{z
y{zñÊ=w�° � y�x?y � z�u�w�� ��| z | �6� � ï ± y � Ê } ��u�y �ñÍ ï~����� Í ï~�9�#� Í ï~� Í y{z Í ï~� � �?u�s � yv�¬z�yv��z � �¯s{¸¬� � ��z | �6�M��� õ yv�?��y�x?�
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u | yv� � y � ï�Û �~� �?u�s � yv�¬z�yv��z � wÂ��� õ yv�?��y®y{z � �¯s � w�u�zqz õ �¶ytw ��� � � | s�y6� � �?u � y � ���6�Ây{���¶svu | y�� � y � ��x��Ðz�yv��� � � |~�
��w�u kmlon¿p y{zÞ� lon¿p �¶�6�?uow9z�z�y | �?x�u�yÉ���?y � ���?��w |~��� w�� � yÉx�yñ��ï ÷6÷�� �?u � �¯yv��¸ | u��6�?��yv��yv�¬z/ï*Û �~� ���6��z�u�yv��z
w�� ����|o� w;��� õ yv�?��yhx?�ì�?����°?u�y§x?y � � w ��� yv�?u � ��s � y ��� w | u�y � �¶�6�?u����#x?s �~|~� yvu � y �Ð| �¬z�yvu�w � z | �6� � yv�¬z�u�y � y
�Òõ�� z��v��yty{z � �6�'yv��¸ | u��6�?��yv��y���z/ï

Ú��6�?u ��¹ w����?yµyv�¬¸ | u��6���?yv��yv��z/�
x?y � z�y � z � x?yý¼ |~� � �����6�4��� |~� w9z�svu�w����Ñ����z � yvuÒ¸ |¿À z�y � z�yvu � z{w9z |~� z | ð
����yv��yv�¬z � � ¹ õ �=�¡z ¹ � � y�x?y � �¯s } w �~| z�s�x?y � z�yv��� � x�y � �6��¸¬yvu } yv� � yµwv¸¬y � � lonqp y{z�wv¸¬y � k¼lonqp � � �6�¬z�u�y
� � ¹ õ �=�¡z ¹ � � y � y � �6� � w�����y �~� y � y � z�y���� � x?y � �6��¸�yvu } yv� � yÂx?yp� lÁnqp§� yvu�w | yv��z | �?�,svu | yv��u � ï ± y � �#ð!¸6w � yv��u �
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Pourcentages de connaissance pour Maze252
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w ��� � � | svy �ÂÀ ��¹ w��#�?y � �6��� � y�x��¯s ��¹ w���z |~�~� ��� �Ä� �6�¬z�z��6��z�y �Ä| �?�,svu | yv��u�y �ÂÀ 10−5
ï ± y � z�y � z � x�yÊ¼ |�� � �����6�

w �v� yv�#z�yv��zqx?�6� � � À ��� � yv� |~� x�y 10−5
� � � ¹ õ �¶�¡z ¹ � � y � y � �6� � w�����y �~� y6�#�=�6��u ��¹ w����?yôyv��¸ | u��6�?��yv��yv�¬z¼z�y � z�s6�

� lonqp w��?��u�yv�?x'� � � � u�w6� | x?y���yv��zÁ����y kmlonqp ï
± y � Ê } �?u�y �ôÍ ï~� ­ y{z Í ï~� ² u�yv�?u�yv���?yv�¬z � y � u�s � � � z�w¡z � y{zt�?u�s � yv��z�yv�¬z � y � u�y � w9z | ��� � yv�¬z�u�y � w�z{w |~�~� yÄx�y

� �¯y���¸ | u����?�?y���yv��z9�6x��¯���?yq�¥w�u�z/��y{z � y¿�?�6��°�u�yqx�y � � w ��� yv�?u � y{z � yËz�yv��� � x?y � �6��¸¬yvu } yv� � yÃ¸¬yvu � �?������x?� � y
� �6��� � y{zoy{zoÊ¥w�° � y6�?x��²w��#z�u�yt��w�uÒz/ï

��U��7UWT �"bzi�j)`�i�i�bdc�egf�h�ikn���i�`�^Wa�\Fa�ikhZ^7����nsbvãùhFe�a�\_`K^
Ü��m¯Àk��5 Í¢� ¤¦s¨��)£.£¥ S¡��l£

l ¸¬y � � y����6u���w �~|~� ��y�x?y kmlÁnqp � � y � � � w ��� yv��u � ����x�s �~|~� yv��z � y � z�u�w�� ��| z | ��� � � �6����y��?�;z��6��z�w � �6u �
�#�?y6�¬x�w6� �m� y¿�,�6u���w �~|~� ��yox?yº� lonqp � ��¹ w�����y � � w ��� yv��u¼w���z | � | �¶y � w®¸6w � yv�?umx��¯�?� � yv� � w9z�z�u | °��#z/ï Ï w6� �¼� y �
y���¸ | u����?�?yv��yv��z � wv¸¬y � �=yv�Mx?y�u�s } � � w�u | z�s �ñ| ��� �~| �#��w���zÄx�y � w¡z�z�u | °��#z � x | ½¶svu�y���z � � � y��?�6�Ä°?u�y�x�y � � w � ð
� yv��u � �#z |~�~|~� s � �¥w�u%� lonqp x?y{¸?u�w | zo�{z�u�yt� � � �q| ���=�6u�z{w���z/�?��w |~� x�w�� � �§w�@vy9�6� ² �)�ªw�@vy/� ø �#�)�ªw�@vy/� ²�² y¾z
�ªw�@vy�Ì¬� Í ��� lon¿p � �6��¸�yvu } yq¸¬yvu � �?��� � � � �¶y{z | z¼���6��°?u�y¿x?y � � w ��� yv�?u � ���?y kmlonqp � } u�« � yow��������6�#¸¬y �~� y �
u�s } � � w6u | z�s � y¾���?u | ��w�° � y � x�w�� �q� �6�'���6u���w �~|~� ��y6ï

Ï w6� �¿� y � y���¸ | u��6���?yv��yv��z � ��z |~�~|~� s � � |��¶õ w�x?yv�#��z õ �¶y � x?ytu�s } � � w6u | z�s �}¢
® � y � �?u�yv� | �vu�y � u�s } � � w�u | z�s � x?sv�¶yv��x?yv��zÉx?�§z õ �=yÂx��¯yv��¸ | u��6�?��yv��yv�¬zÉ�#z |~�~|~� s6��� � �#z3Ì¡zÉ���?yÂx�y � w�z���ð�¶� � � }6| y;��w6u�z | � � �~| �vu�y;x?y ��¹ w6���?y;yv��¸ | u��6�?�?y���yv��z9ïgÚ�w�u'y{��y���� � y6�q�=���?u'w���z | � | �=yvu � w��?���#¸¬y �~� y
��| z���w9z | ����w6�?u�� � �?��yqu���z�w9z | �6���¡z��6�#z�y � � | �����6u���w9z | �6����s � y ��� w | u�y¿y � z¼yv�¬z | �vu�yv��yv��z¼x |~� �¶�6� | ° � yqx¥w�� �
� w ��| z��¥w9z | �6� | � | z | w � y�� | �?x�sv�=yv��x�w�����yv�¬zËx?y � wÉz��6�¶� � � }6| y®x?y � �¯yv��¸ | u��6�?��yv��yv�¬z ¢ ��¹ w����?y®w9z�z�u | °?��z
��u�yv��x � w§¸�w � yv�?u�x��¯�?�ìw��#z�u�y'w9z�z�u | °?�#z9ï�Û � yv��¸6w·x�yµ���v��yµ�¶�6�?u � �²w��¬z | � | ��w¡z | �6�´x�y � w¡z�z�u | °��#z �
� �6u�u�y � �¶�6�?x¥w���z�w��#�;z�u�� |~� � w � y � x?yvu�u | �vu�y � �²w } y���z/�»y{z�w6�#�;z�u�� |~� � w � y ��Àª� ���Ñ� | ¸¬y�w����»���¥w��?x |~�
wv¸�w�� � y ¬ ¸¬� | u®Ê } �?u�y Í ï~� ÷ ­ ¢Æ� y � w9z�z�u | °��#z � w��·� | ¸¬y�w��·x�y � �²w } yv��zñ�?u�yv���?yv�¬z � y � ¸�w � yv��u � x�y � yv���
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avec YACS
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Nombre de classeurs pour Maze288

avec YACS
avec MACS

,.-0/91�t�4�5At�6�¸ÆOdP�Qn�LTbs9M�OdP�Qk:qKÆ:j8q=�?D��ó
I�C#�0�0��K»C#?`�jC#�)����Ij:p6���ÑF�#?uH!�0����K±A�HdK���<ea�Ij:
A;:NB�?DCFEGE�:�H'IGEJ=L��H!I�¸�CMLZ:�ÎH5P5'4

��� |¶� �6��z¿x�y{¸6w��¬z � � | �#y¾z � y � w¡z�z�u | °��#z � x�yvu�u | ��u�y � �²w } yv��zo�?u�yv���?yv�¬z � y � ¸6w � yv��u � x�yô�#� |Æ� ����z � yv�#� À
� �6�'� | ¸¬y�w6��°

® � y �o� y � ���?x?y � u�s } � � w�u | z�s �o� ����z � �=s � | Ê��#�?y �oÀ�� wÄz��6�¶� � � }6| yÉx�y ��¹ w6���?yÉyv�¬¸ | u��6���?yv��yv��z/ï¥ò��'y¾½Æy{z/��¶�6�?u�w���z | � | �=yvu � w�¸6w � yv��uÉx�y � w9z�z�u | °?��z � � �6u�u�y � �=���?x�w��¬zÄw����ªz�u�� |~� � w � y � x?y¾¸6w���z � �²w } y���z/� |~� �?y
� ��Ç�z��¥w � x?y¼u�y � �6� | yvu � �²w�� � | yv�?��y
¸6w � yv�?uÎx��²w���z�u�y � w9z�z�u | °��#z � �/y¾z � wq¸6w � yv�?u�w���z | � | �=svy¼y � z�x | ½¶svu�y���z�y
�¶�6�?u ��¹ w����?yÉyv��¸ | u��6�?��yv��yv�¬z/ï

Ï w�� � � lon¿p � ��¹ w�����y�z�u�w6� ��| z | �6�Ä�,w |~� w���z | ��z�yvu�¸¬yv� | uÎ���?y¼u�s } � � w6u | z�sÃx?����u�yv� | y�u�z õ �¶y¼y � z
���#x?s �~|~� svy
��| ��� � yv��yv�¬z/�¬wv¸¬y � � y¿���v��y¿���6��°?u�y¿x?y � � w ��� yv�?u � � | ��x?sv�¶yv�?x¥w�����yv��z¼x?y � wôz�w |~�~� yox?y � �¯yv��¸ | u��6�?��yv��y���z/ï
± y � z�u�� |~� � � w ��� yv�?u �m� � | ¸�w���z �¼� ��Ç � y���z/�¬��w�umy{�?yv��� � y6� À w���z | � | �=yvu � wt¸6w � yv��umx?���?u�y�� | yvu¼w9z�z�u | °��#zËw��?u�� �
�?��ytu��¡z�w¡z | �6��¸¬yvu �¿� w } w�� ��¹ y Ý	ü ¢

� öÛÝ�öÛÝ�öÛÝ8öVÝ8öVÝ8öÛÝ~��Ý�öÛÝ�ö3� � ��� � ��Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ �
� öÛÝ�öÛÝ�öÛÝ8öVÝ8öVÝ8öÛÝb�ÞÝ�öÛÝ�ö3� � ��� � �ÞÝ ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ �
� öÛÝ�öÛÝ�öÛÝ8öVÝ8öVÝ8öÛÝ û Ý�öÛÝ�ö3� � ��� � û Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ �

Ú�� |~� ���?y k¼lonqp �?yt�=y��#zo��w � u�yv��u�s � yv��z�yvu � y � u�s } � � w�u | z�s �q| ��� �~| �#��w���zÁ� � � ��| yv��u � w9z�z�u | °?�#z � � |~� wÂ°¶y � � | �
x?y�� � � � x?y � � w ��� yv�?u � �=���?u�����x?s �~|~� y�u � y � z�u�w�� ��| z | �6� � � À ��y � ��u�y����?y � w'z�w |~�~� y�x�y � �¯yv�¬¸ | u��6���?yv��yv��z
w�� } ��yv��z�y6ï

(Î�6��z�yv��� |~� � � yo�,�6u���w �~|�� ��yox�yº� lÁnqp ���¯��z |~�~|~� yo�¥w � x?y �Òõ ��°¶� � y � ï�ò�� � �6� � sv���?y�� � y6� � y � u�s } � � w6u | z�s �
� �6����y t � ½Å¹3É � Á � ¾b½ �¦Ç ½ ���¦ �º ¼Æ ��£º ½ ���q�'Ç;�#ÀF  ½ �'  ¾  �º ¾ ���'º3¡ ½ ¼ ½ º	� ¹ �'º%� Á � ��Ä)�È %�!�ÈÄ|�'º w � � �6��z
u�yv��u�s � yv��z�svy � wv¸�y � � � � � x?y � � w ��� yv��u � x�w�� � � lon¿p ���?y¼x¥w�� ��k¼lonqp¸¢ �?���¶�6�?u ��¹ w��#�?y�¸6w � yv��uÎx?y ��¹ w6���?y
ß,��ß9áZâ�é�ãVå�ó�ó!ìqêuáZæ�é�û�â#ì�è;å�æ�é�êuìqé�ì
6#ó!ôGãVíuìqæ�öjìqé�öjáZæ�öjìGãVæ�åZæ�äáà}ï9ðÐñ'ç;è#ôqöjãVí äVìqé�ùzêDå�éÈìqö�ä~íxáZæ � � � ç;êxì�é���éÈäz
qò�ì�ó!ìGã:9jáZíxä9æ#ìqâ�ýåbä|äVãVí��;â#äVéGç�ìjä.æ#áZæ�ó;å�éÐú�â�íxäqç�ìjä.ûFâ�ì�êuìqâ#ãÐá�ãVè#ã|ì�ì�é)ä9è;í��!ôGã|ìqæZä9è#ìpöjìqêDâ�í+è#ìpê�î ì
6#ìqò�ó;êuì�è#ìpêDå�é|ìqö�äVíuáZæ � � 43�;ïJíuæ�éVíiç'êxì�ó�ã|ìqòzíuìGãåbä|äVãVí��;â#äJã|ìGó�ã|ôqéÈìqæZäVìlêuågöGå�é|ì>ìqæfýiå�öjì>ìjä�ùnüZå�â;ö~ú#ìlè#ìlêiî å�ü�ìqæZäqç'ìjä�êuìléÈìGó�äVí,
qò�ì>ã|ìGó�ã|ôqéÈì�æ�äVìlêuågöGå�é|ìlè#ìlè#ìGã|ãVí,
Gã|ì�ç!ùgüZå�â�ö�ú#ìè#ìpêiî å�ü�ìqæZä8�
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Pourcentages de connaissance pour Maze324

avec YACS
avec MACS
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I�C#�0����K±C#?@��C#�È����Ij:>6���ÑF�#?xHL�0�0��K±A�HdK���<ba�Ij:
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w¡z�z�u | °��#z/ï ò��;u�y{¸6w6� ��¹ y�� � y��?�6��°�u�y�x?y � � w ��� yv�?u � ��s � y ��� w | u�y � �=���?uñw���z | � | �=yvu � yÂz õ �=y�x?y�u�s } � � w�u | z�s �
y � z � ��� � z�w���z9�6�#�?y �~� y¿����y � � | z � wôz�w |~�~� y¿x�y � �¯yv��¸ | u��6�?��yv��yv�¬z/ï+Ú�w�u�y¾��yv��� � y6� � y � x�yv�#� � � w ��� yv�?u �m� � | ¸6w6��z �
�¶yvu���y{z�z�y���z�x��²w���z | � | �=yvu � wq¸�w � yv�?uÎx���x?yvu�� | yvu�w9z�z�u | °��#z/�9�¶�6�?uÎ��� | ���=�6uÒz�ym�#�?y � yv��¸ | u��6�?��yv��y���z»x?y¼���v��y
z õ �=yt�#�?yP�ªw�@vy/��Ì ² �)�ªw�@vy/� ø �#�)�ªw�@vy/� ²�² y¾zº�ªw�@vy�Ì�� Í´¢

� öVÝ��ÖÝ8öÛÝ�öÛÝ�öÛÝ�öÛÝ8öVÝ8öVÝV�L� � �L� �&½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ ÝV�L�
� öVÝ��ÖÝ8öÛÝ�öÛÝ�öÛÝ�öÛÝ8öVÝ8öVÝ���� � �L� �&½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý ½ Ý����

Ï w�� �m� y � ��w�u�z | y � �#�9 �¢�£9¤¥£6�¡ ¶� � y¿x�yv�#� | �v��yÁw9z�z�u | °?��z | ��x | ����y¿�������?umyv���,w � y¿x�y � �²w } yv��z9ï Ï w6� � � y � w � �
� wô¸�w � yv�?u�x?��x�yvu�� | y�u�w9z�z�u | °?��zmy � z | � ��¹ w�� } s�y � �6u � ���?y � �²w } yv��zÃwv¸6w6� � y6ïLÛ ��õ w®x�yv�#� � � w ��� yv�?u � x?y � yËz õ �¶y
�¥w�u¿w9z�z�u | °?��z/�?y¾z � yt���6��°�u�yty � z � �6� � z�w��¬z/ï

± y �
� yv� �~� w9z�z�u | °?��z � ����y%� lon¿p w��¬z | � | �¶yqwv¸¬y � �?� } u�w���xÂ�?����°?u�yËx?y � � w ��� y��?u � � � ��u�u�y � �¶�6�?x?y���zmw����
z�u�� |~� � w � y � yv�'�,w � yÉx?y � �²w } y���z/������w6�?x |~� wv¸�w�� � yÉy{zo�����²w�� � ���µ����uq�?y � yôz�u��6�#¸�yË³�� � z�ytyv�'�,w � yÉx?y � � | ï
± � | �����6u���w9z | �6� À ����x?s �~|~� yvu�x�sv�=y��?xÑw � �6u � x?y � wµz��6�=� � � }�| y���w�u�z | � � �~| �vu�yÐx�y ��¹ w����?y�yv��¸ | u��6�?�?y���yv�¬z/�
� � �#zAÌ�z¼�#�?yox?y � yv��u�x õ ��w6� | ����y } sv�?s�u�w � y6ï3Ú»w�umy{�?yv��� � y6�¬�=�6��umw6��z | � | �¶yvu � w®¸6w � y��?umx?y � y � �6�?xÐw9z�z�u | °?��z/�
x¥w�� � �ªw�@vy/�6� ² �)� lonqp ��z |~�~|~� y � y � Ì � � � w ��� yv�?u �o� � | ¸6w��¬z �}¢
â �Ðã"�Ðã"�Ðã"�Ðã"�Ðãä�lã"�Ðã"��ãäåMæ â �Mæ â�ç ãä�lã ç ã ç ã ç ã ç ã ç ã ç ã ç æ
â �Ðã"�Ðãä�lãä�lã"�Ðã�èqãä�lãä�Ðãä�Mæ â �Mæ â�ç ãä�lã ç ã ç ã ç ã ç ã ç ã ç ã ç æ
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Ï w�� � � y � w � � � y����6��°�u�y�x�y � � w ��� y��?u � x�s � �6��¸¬yvu�z � ��w�uÊ� lon¿p y � z�° | yv��� � � ��| ���=�6u�z{w���z����?yµ�=�6��u
k¼lonqp ¬ ¸¬� | uqÊ } �?u�y ø ï~� ø ­{��y{z � w � � � �#z | �6� }6� �6°�w � yÉ�=y�u�xµyv� | ��z�y �~�~|~}6| ° |~�~| z�s6ï)(Î���#z�yv�,� |~� � � y¾z | � � �6��¸¬sv� | yv��z
y � zÁyv�µ�¥w�u�z | y � �6���¶yv� � sÉ��w�u � w��¶� ����| ° |~�~| z�sÉx?y � �6� ��| x?svu�y�u � | ��� � �6� � ð �Òõ?� z��v��y � ï

ëk§��. S£�£¥ Í¢��Ã�)�����5 S©F�5§W£�£¥�)×� 
Ï ��u�w���z � y � ���6�6�h�?u�y�� | yvu � ��w � x�y�z�y���� � x?y � y{�?�=svu | yv� � y � �Î�¶�6�?u �{¹ w � ���Mx�y � yv�¬¸ | u��6���?yv��yv��z �

z�y � z�s � � � yo�¶�6�?u � yv��z�w } y¿x�y � �6�?�¥w |~��� w�� � y � u��Hd~zmz�u�� � u�w6� | x?y���yv��zËwv¸6w��¬zÃx?you�w � yv��z | uvï Ï yo� � � � � � y¿����x?� � y
� �6��� � y{zoy � zôw��?�?u |~� °¶y�w�� � �6�?�'� � � � u�w�� | x�yv��yv�¬zox�w�� � � lon¿p ����ytx�w�� �Ëkmlonqp ï

± yÂz�u�� � u�w�� | x�y } w | �Uyv� � �6����w |~��� w�� � y � w��Ux�sv°?��zÉx?y � �²w6�?�?u�yv��z |~��� w } yÄz | yv��z�w��U�,w | zñ�#�?y�x?y��?�6�Âð
°�u�yv� � y � u�s } � � w�u | z�s � �?yÃ�?s � y ����| z�yv��z
�����¯�?��y � y�� � y � �=s � | w �~|~� w9z | �6�Â�=�6��u��{z�u�yÃ����x�s �~|~� svy � ï n y � u�s } � � w�u | z�s �
| �¬z�yvu�¸ | yv�?��yv��z/�¬��w�umy¾��yv��� � y6�¬x�w�� �m� y � z�u�w�� ��| z | �6� �¼| ��� ��| ����w��¬zÃ�?�?yÁw � z | �6��x?you��¡z{w9z | �6��ï Ï yo� � � � ��x¥w�� �
� y � w � �¥��w �~} u�sñ�?�?yñy{��� � �6u�w9z | ���hw � s�w9z�� | u�y6� � y � y{�?yv��� � y � �¶yvu�z | ��yv��z � �¶�6�?uow6�?�?u�yv�?x?u�y � y � z�u�w�� ��| z | ��� �
� �6�¬zÁ�?�6�Ä°?u�y��#�Æï¥ò��hy¾½¶y{z/�¥�=���?u ��¹ w6���?y�w9z�z�u | °��#z/� |~��õ w�� � � ��| yv��u � z�u�w6� ��| z | �6� � ��� | �¶yvu���y{z�z�y���zÁx��²w���ð
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�?u�yv�?x?u�y À �?u�svx | u�y � wÂ�?�6��¸¬y �~� y®¸6w � yv��uvï

± y � w���z | � | ��w9z | ��� �ñ�~| svy ��À�� w�z��6�=� � � }�| y���w�uÒz | � � �~| �vu�y�x?y ��¹ w��#�?y�yv��¸ | u��6�?��yv��yv�¬z��?s � y ����| z�y���z�� � �#ð
��| yv�?u ��� �=s � | w �~|~� w9z | �6� �Ð� � �v� y ����| ¸¬y � ï�� lonqp ��y{z�x?��� � � � � � x?yµz�y���� ��À;� y � � w�u�w � z�svu |~� yvu�ï Ï yh� � � � �
À ��y � �?u�y�����y � y � � � w ��� yv�?u �ñ� ����z�� � � �ñ� �¶s � | w �~|�� s � � � y � y{��yv��� � y � �¶yvu�z | ��yv��z �ñ� �6��z�� � � � u�w�u�y � ï lÁ| � ��| �
yv�Uu�w |~� �6�Ux�y � �¯y{��� � �6u�w9z | ���;w � s/w9z�� | u�y�� � y ��õ?� z��v��y�y¾���=s�u | ��yv�¬z�y�°=y/w�� � �6���Ux?yÄz�u�w�� ��| z | ��� � ��� | ��y � � |
w��?�¶�6u�z�yv��zÁw�� � �?��y | �?���6u���w9z | ��� � �?��� � sv��yv��z{w | u�y6�?y¾z � �²w��?��u�yv�¬z |~��� w } yty � zÁ� � � �q� y���z/ïÚ��6�?uÈ� lÁnqp �
��w �~} u�s � y{z�z�yµy{�?� � �6u�w¡z | �6�ìw � s�w9z�� | u�y6� � w§¸ | z�y ��� y'x?y � �²w��?��u�yv��z |���� w } y'x��¯���4���#x?� � y
� �6��� � y{z � y���° � y �~| �?s�w | u�yq�¥w�u
u�w����=�6uÒz À®� wÁz{w |~�~� yqx�y � yv��¸ | u��6�?��yv��yv�¬z � z�y � z�s � ïLÚ»w�u � �6��z�u�y6� � wÁz��6�=� � � }6| y
��w�uÒz | � � �~| �vu�yÂx?yp�§w�@vy/� ²�² �¶� � yÄ��u��6° � ����y À�k¼lonqp ¬ ¸¬� | u � y � z | �6� Í ï Í ï~��­{ï ± wÐÊ } ��u�y Í ï~� ² ���6�¬z�u�yÂ���?y
� lÁnqp ��y � �6��½¶u�yÄ��w � x?�·�?u��6° � �v��y�s¾¸¬������s ÀÐ� w � y � z | �6� Í ï²Ì�ï²Ì�ï lÁ| � ��| � � w � �=s � | w �~|~� w9z | �6� | ����svx | w9z�y
x?y � � � w ��� yv�?u � ��� | � � � |~�~� yv�¬zÐ�¶yvu���y{z À � lÁnqp x��¯�{z�u�y'��� | � �Ð} �v�?sh���?y kmlÁnqp ��w�u � w·z��6�=� � � }6| yhx?y
�§w�@vy/� ²�² �6z�y �~� yo���?y � yvu�z{w | � �m� �6� � ð } u�w�� ¹ y ����| z���w9z | �6� � ��w � z | ��� �m� �6��zÃ�,w | ° � yv��yv�¬z � �6���?y � z�s � w��#��w6�#z�u�y �
� �6� � ð } u�w�� ¹ y � ï

l Ê��Ðx��²w ��� s � svu�y�u � w � �6��¸�yvu } yv� � yÁx?y�� lonqp �����6� � ���6��z�u��6� � ��x�w6� �¼� y ��¹ w�� | z�u�y � � | ¸6w��¬z/� � �6����yv��z
�#z |~�~|~� y�u»x?y � w �~} �6u | z ¹ ��y � x�yÃ��u�� } u�w�����w9z | �6�Âx õ ��w6� | ����yÃx¥w�� � �?�?yqw�u ��¹ | z�y � z��?u�yº!�#;º��6�6w¡Ê��Âx?y } � | x?yvu
� �¯y{��� � �6u�w9z | �6�;x�y � �¯y���¸ | u����?�?y���yv��z���� | wµu�yv�=� � s | � |�� �?uÉ�?��y��¶� �~| z | ����y�w � s�w9z�� | u�y6ï n y{z�z�y�y{��� � �6u�w9z | �6�
w � z | ¸¬y � yt���6��x?y � �?u � y � z�u�w�� ��| z | �6� � x?sÒ³ À ���#x?s �~|~� svy � �?y{z � �?uË���?ytu�s � �6���=yv� � y | ��z�y�u��?yt��� | x?s��=yv��x�x?�
} w | ��yv� | �?���6u���w9z | �6��w9z�z�y��?x?��x¥w�� � ��¹ w��#�?y ��| z���w¡z | �6��ï n y } w | ��y � zm���6� � z | �6��x����?�6�Ä°?u�yqx��²s{¸6w � �¥w9z | �6� �
x?y ��¹ w6���?y � � w ��� yv�?u�x��6��z � wÑ��w�u�z | yU�#�9 �¢�£9¤¥£6�¡ ìy � zhw�����w�u | s�yUwv¸¬y � � w ��| z���w9z | �6� � �6� ��| x�svu�svy�ï l ¸¬y �
�?� z�y � ��s � w�� |~� ��y6�Ã�?�6� � ���6��z�u��6� � ����y � �²w } yv��z'�¶yv�#zµ�#z |~�~|~� yvu���� ���#x?� � yª�¥w�u�z | y � �=�6��u�w �v� s � svu�yvu
� �²w����?u�yv�¬z |~��� w } yôx?������x�� � y � �6��� � y{z/�#yv��y¾��� � �6u�w���z¿w � z | ¸¬yv��yv��z � �6��y���¸ | u����?�?yv��yv��z } u�« � y À�� w�u�s{z�u��¡ð
�?u��6��w } w9z | �6�'x?� } w | �µy�� | �?����u���w9z | �6�hw9z�z�yv��x?�µx¥w�� � ��¹ w����?y ��| z���w9z | ����ï

g�Ô&� �êß�à¥ä�æÄà¥à=ß�Ù�N
Ú»w�u�u�w��?�¶�6u�z Àtlon¿p ����� | ���6� � wÁz�yv��� �~| yv��x?y¿u�sv��s�u�yv� � yqx¥w�� � �����?u�y�� | yvu»z�y���� � � kmlonqp x?s � �6u�u�� � y

� y � ��w�uÒz | y � �#�¡ #¢¥£/¤¥£��9 Uy{z�©�«¬«#­�¤·x?y � � � w ��� yv��u � ï�� lon¿p ¸6w'� � � ��� � | �Mx�w6� � � y � yv� � � yv�Mx?s � �6u�u�s � w���z
� y � w9z�z�u | °��#z � x?y � w���w�u�z | yÉ©#«�«�­�¤¶ï	Û � ��u��6�¶� � yñw | � ��| ���?yñ�?�6��¸¬y �~� y���w�� | �vu�yñx�y � �6� ��| x�svu�yvu � w�����y � z | �6�
x?y � �²w��¬z | � | ��w¡z | �6�µx�w�� �q� y �Ë�Òõ?� z��v��y � x?y � � w ��� yv�?u � ï~�ªw |~�Ë| � | � � y{z�z�yôx�s � �6u�u�s � w9z | �6�µ�?y®�?u��/¸ | yv��z¿��w � x?y �
��s � w�� |~� ��y � �?��w |~� x?�µ����u���w �~|�� ��y � � | ð ������y6ï

± �6u � ����y � �¯�6� ��¹ � |~��| zqx?yoz�u�w | z�yvuÃ�?��z õ �=yôx?yô�?u��6° � �v��yôx�w�� �Ã� yv����y �¶� y �Ë��| z���w9z | �6� �Ë� �6��z � �6���=� � svy �
x��²w9z�z�u | °��#z � � ��|�� �¯��� ��¹ yvu ��¹ y À w���z | � | �=yvuqx�y �q��| z���w9z | �6� � �����µ�=yv��z/� � �6����ytx�w�� � � lon¿p ��w���z | � | �=yvu � y �
w9z�z�u | °?��z �Ë� s���w�u�s���yv��z9ï ± yô���#x?� � y®x?y � z�u�w�� ��| z | �6� � y � z¿w � �6u � � �6���=� � sôx�yô� � � ��| yv��u � ����x�� � y � ��w�uÒz | y �~� �
��¹ w � �?� � �6���=� � sÉx?y � � w ��� yv�?u � w���z | � | ��w��¬z � yÉ���v��yÉw¡z�z�u | °��#z/ï n yÉ�,w |�� w��¬z/���6� } w } ��yt���?yÉ� � � �¿} u�w���x?y
� w��¥w � | z�s�x��¯y¾���?u�y ����| �6��y{z |~� x?y{¸ | yv��z��=� ����| ° � y�x?y�����x�s �~|~� yvuÄ�,w � |~� yv��yv��z�x?y � u�s } � � w�u | z�s �Â| ��� �~| ���¥w���z
� � � ��| yv�?u � w¡z�z�u | °��#z � ï Ï � �q� �6u � ���?� � � w ��� yv�?uË�?y®���#x?s �~|~� y®� � � � �?�?yÁz�u�w�� ��| z | �6� À�� � |Æ� y�� � ï?ò
��y¾½Æy{z/���?�?y
z�u�w6� ��| z | �6� | ��� �~| �#�?yñz��6� �ô� y � w9z�z�u | °��#z � �¶y{z |~� x�y{¸ | yv��zÉ�?s � y ��� w | u�yÄx��¯��z |~�~|~� yvuô� � � ��| yv�?u � � � w ��� yv�?u � �¶�6�?u
�=���#¸¬� | uow���z | � | �=yvu�ï

± y��?u���° � �v��y � �6� ��|~� z{w���z À w��?�?u�yv�?x�u�yÂ���·���#x?� � y�x?y � �6�Uyv��¸ | u��6�?�?y���yv�¬zÉu�y¾¸ | yv��z À ��¹ yvu ��¹ yvu � w
���6� � z | �6�Ðx�y¿z�u�w6� ��| z | �6� T : s1× ...× sd× a1× ...× ae → s1× ...× sd

� � y � ��� õ y�� � x�� õ �¥w�u�¸¬yv� | u � �6��z
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x | ½¶svu�y���z � ï Ï w�� �®kmlonqp � � �6����y�x¥w�� �Élonqp � ��¹ w����?y � � w ��� yv�?uÉx?s¾Ê¥� | zñ�?��y����6� � z | �6�;��w�uÒz | y �~� y���w�u � y
³Òyv��x�y � ��w�u�z | y � �#�¡ #¢¥£/¤¥£��9 Æ���#� | u�y � z�u�y |~} ��yv��z � yqx��6��w | ��yqx?yË¸6w �~| x | z�sqx�� � � w ��� yv��u À ��� � �6� � ð	yv� � yv��° � y
x�y

s1 × ... × sd × a1 × ... × ae
ï ± �¯y�� � yv��° � yñx�yñx�y � z | ��w9z | �6�§x?y ��¹ w � ���?y�x?y � y � �,�6� � z | �6� � �¥w�u�z | y �~� y �

u�y � z�yt�?� � �6� � ð yv� � yv��° � ytx?y
s1 × ...× sd

ï
Ï w6� � � lÁnqp �Æ��w�u � �6��z�u�y�� ��¹ w��#�?y � � w ��� yv�?u®�?y � yÄ��u��6���6� � yÄ�#�?y � �?u®�?� � yv� � w9z�z�u | °?��z si ï lô| � ��| �� �¯y�� � yv��° � y�x�y � � � w ��� yv�?u � �?u�svx |~� w���zÄ���?y�¸6w � yv�?u��=�6��u � �²w9z�z�u | °?��z si x?svÊ�� | zÂ�?�?y��,�6� � z | �6� Ti : s1 ×

... × sd × a1 × ... × ae → si
ï%� lon¿p �¶yv�#zµx��6� � �{z�u�y§¸�� � �6����yª��� yv� � yv�Ä° � y·x?y d ����x?� � y � ���¹ w � ����x?s¾Ê¥� |~��� w���zm�?��yË�,�6� � z | �6� Ti ï ± �¯y�� � yv��° � yqx?y � ���6� � z | �6� � Ti �=yvu���y{zmx?yqu�y � �6���¶� � yvu � w®���6� � z | �6�

T : s1 × ...× sd × a1 × ...× ae → s1 × ...× sd
ï�ò��µ�#z |~�~|~� w���zox?y � � � w ��� yv�?u � ��y{z�z�w���zoyv�µu�y � w9z | �6�µ���

� yv� � w9z�z�u | °?��zÁwv¸¬y � z��6� �¿� y � w��#z�u�y � �?� � ��zAÌ¡zÁ���?ytx�y � � � w ��� yv��u � ��¹ y�u ��¹ w��¬z À ���#x?s �~|~� yvu¿x?y � z�u�w�� ��| z | ��� �
� �6��� � �{z�y � ¬ wv¸¬y � z��6� �Ë� y � w9z�z�u | °?��z � ­{�~� lÁnqpÐ� � }�} �vu�y®���?ytw�u ��¹ | z�y � z��?u�y � �6����y � y �~� y |~�~� � � z�u�s�y®��w�u � w
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Ê } ��u�y Í ï����6�?� � �#zAÌ�zo�����¯�?�?yÉw6u ��¹ | z�y � z��?u�y � ������y � y �~� y |~�~� � � z�u�svyt�¥w�u � wÂÊ } ��u�y Í ï����?ï

Ï w�� � � y ��¹ w�� | z�u�y6�=�?��� � wv¸¬�6� � x�s � u | z�� lÁnqp �=��� | ��½¶u�y�x?y����6�#¸¬y �~� y � �¶� ����| ° |~�~| z�s � x?y } sv�?svu�w �~|~� w9ð
z | �6�Ð��w�u¼u�w��?�¶�6u�z À®k¼lonqp y{z ÀÉlon¿p ï Ï yo� � � � �¬° | y��������¯�#z |~�~|~� w��¬zÃx?y � ¹ yv�?u |~� z | ���?y � y{zËx?y � y � z | ��w9z | �6� �
z�u�� �Â� yv��° � w�° � y ��À � y �~� y � x�y k¼lonqp � |~� ��½¶u�y�x?y � �=y�u����6u���w�� � y � w �v� u��?y � �=���?u � �²w6�?�?u�yv��z |~��� w } y�x��¯�?�
���#x?� � yÄx��ª���6��x?y6ï�Ú»w�u®w |~��� yv�?u � � ��| x¥w�� �®� y � y{���¶svu | y�� � y � ��yv��svy � ³�� � ����� | � | � � wÐ�¶� �~| z | �#�?yÄx��¯y{��� � �6u�w9ð
z | �6�Ss{z{w | z�w � s�w9z�� | u�y6�Îx�w�� ��� y �{¹ w�� | z�u�y � � | ¸6w��¬z/� ���6� � ���6��z�u��6� � � �6����yv�¬z |~� y � zÂ�=� ����| ° � yÐx��¯��z |~�~|~� yvu
� �²w����?u�yv�¬z |~��� w } y � w9z�yv��zÄx?yC� lon¿p x¥w�� � ���?y�w�u ��¹ | z�y � z��?u�y�x�yÂz õ �¶y±!�#;º����Îw¡Ê¥�;x��²w6�?�?u�yv�?x?u�y�u�w�� | x?y{ð
��y���z®�?��y��=� �~| z | ���?y6ï Å �6� � x�s¾Ê�� |���� �6� � x?y��#�h�¶� �~| z | ����y � x��¯y{��� � �6u�w9z | �6�§y{zt�?�?y��¶� �~| z | �#�?y��=y�u���y¾z�z�w���z
x?y���w9� | � |~� yvu � w�u�s � �6���¶yv� � y6ï Å �6� �t� y � ��u } w�� |�� �6� � x�yÂ��w�� | �vu�y ¹ | svu�w�u �{¹ | ����yÂ�¶�6�?ut�=y�u���y{z�z�u�y À�� w
��� |~� ���?yty¾��� � �6u�w9z | �6� � ��Ç � w��¬z�yty¾zo�?� � �6���¶�6u�z�y���yv��zÁ�6�#z | ��w � ï
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² � � ����� | � | ���?�6� � wv¸¬��� � s{z���x | s � �²w����?u�yv�¬z |~��� w } y � w9z�yv��z�x¥w�� �ñ� y � w�x�u�y�x�y �É�Òõ�� z��v��y � x?y � � w ��� yv�?u � ï
n y{z¿w����?u�yv�¬z |~��� w } yôy � z � w6u�w � z�s�u |~� sô�¥w�u � yô�,w | zq����� |~� y � zqu�s/w �~|~� w�° � y®yv� � �²w�° � yv� � y®x?yôu�s � �6���¶yv� � y6ï�Ú��6��u
u�yv�?u�y��?x?u�y � �²y{��yv��� � y¼��z |~�~|~� sÃx�w�� �Î� � | �¬z�u���x�� � z | �6��� � y � � ��¾o� l � } � � z�y¼�¶yv�#z
w����?u�y��?x?u�y � y � � �6� � sv���?y�� � y �
x�y � y � w � z | �6� ��| �?x�sv�=y��?x�w�����y���zÄx?y � w'u�s � �6���=yv� � y�� y{z � �6� � z�u�� | u�yÐ�?�S����x�� � y � �6����y � y � � | x?y � w
Ê } �?u�y ø ï~�6ï Ï w�� � � y ��¹ w�� | z�u�y6�����6� � ���6� �»| �¬z�svu�y ��� �6� �
Àô� �¯�#z |~��|~� w¡z | �6�Âx��¯�?�Ä����x�� � yËx?y � z�u�w�� ��| z | ��� � x¥w�� �
� �²w6�?�?u�yv��z |~��� w } yÂx��¯�?��y��¶� �~| z | �#�?y � ������y � y �~� yÄx�y � w�Ê } ��u�y ø ï��#ï ± wÐ�¶� �~| z | �#�?yÄ�6°�z�yv����yÄx?sv�¶yv�?xªx?y � w
u�s � �6���=yv� � y | ����s�x | w9z�y�ï n y �~� yÁx�y � wñÊ } ��u�y ø ï��ñy � z � w��=� �~| z | ����yÁ��� | �=yvu���y{z À�l � } � � z�yÁx�y � y¿z�u��6�#¸¬y�u
� yt� � � � u�w�� | x?yv��yv��zo�=� ����| ° � ytyv�µ�=� ��| z | �6�µx��¯yv��z{w�u�z�yvu � y � � ��¾o�µ° � w6� � ï Ï svÊ�� | uq�?��ytw���z�u�ytu�s � �����=y�� � y6�
� �¯y � zo����x | Ê¥yvu � y � ��°�³�y � z | � � x?y � �²w } yv��z9�?y{zÁx?�6� � � y � �6�?x�� | u�y À � �6� � z�u�� | u�yÉ�?�?yñw��#z�u�yt�=� �~| z | ���?y�ï

Ï w6� � � y ��¹ w�� | z�u�y6���?�6� � ��z |~�~|~� �6� � z�u�� |~� u�s � �6���¶yv� � y �q| ����svx | w9z�y �}¢
® � wt��u�yv� | ��u�y¿u�s � �6���¶yv� � y � y � w���s �~| �6u�w¡z | �6� � x?�����#x?� � y�ï¬ò ��� y¿�¶yvu���y{z¼�?��yqy¾��� � �6u�w9z | �6�Ðw � z | ¸¬y¿x�y� �¯yv��¸ | u��6�?�?y���yv�¬z9°
® � w � y � ���?x?yty � z � wÂu�s � �6���=yv� � y®y���¸ | u����?�?y���yv��z{w � y6ï�ò �~� y � �=s � | Ê�y � y � ��°�³�y � z | � � x?y � �²w } yv�¬z9°
® � wªx�yvu�� | �vu�y�u�s � �6���¶yv� � y � �¯y{�?� � �6u�w9z | �6�4x?y ����| z���w9z | ��� � ��� | ���²�6��z��¥w � s{z�sµu�yv� � �6��z�u�svy � x?yv��� |~�� �6� } z�y���� � ï#ò �~� yÁyv��z�u�wPd��?yÁ�?��yÁy{��� � ��u�w9z | �6� �Òõ�� z�s���w9z | �#�?yÁy{zËu�s } � �~| �vu�yÁx�yqz��6�#z�y �¼� y �¼��| z��¥w9z | �6� � ï

n ¹ w � ���?yµx?y � y � u�s � �6���¶yv� � y ��| ����svx | w9z�y � x��6�?��y �~| yv� À �?��yµ�=� �~| z | ���?yµx | ½Æsvu�yv�¬z�y6�
����� |~�q� �²w }6| z�x�y
� �6��° | ��yvu�wv¸¬y � � y � w6�#z�u�y � �¶�6�?uÂ�=y�u���y{z�z�u�y�x?y � s � y � z | �6�?��yvuv� À ��¹ w��#�?y���w � x?yÐz�yv��� � � � �²w � z | �6����� |
� w9z |~� �8w | z � yt� | yv�#����� � �6���?u��6� |~� yv��z�u�y � y � z�u�� |~� � u | z��vu�y � ïÚÎ�6��u � w � �6� � z�u�� � z | �6� x?y ��¹ w � �?�?yªx?y � y � �¶� �~| z | �#�?y � � � yª����x?� � yªx?y � �¯yv��¸ | u��6�?��yv��y���zµy � z���z | ð
�~|~� sÂ�¶�6�?utw �v� s � svu�yvu � �²w��?��u�yv��z |~��� w } yÄx�yñ¸6w � yv�?u � x?yÂu�yv�?����u � yv��yv��z/ï�ÚÎ�6��u � yÄ�8w | u�y6�Æ�?�6� � �#z |~�~|~� �6� � ���?y
w6u ��¹ | z�y � z��?u�ytx�yôz õ �¶y !Þ#'º�� ¬ ¸¬� | u � y � z | �6�;�6ï²Ì�ï��!­¾ï

�tÔ�Õ òUÙoÞ�ß�âÆß�ótæñ×èç�ã�×�QMIÄÞ�Ù¿Ú¶ÜËâ¶ß�Ù N Üoä�â¶ß8Lo×YÜ7Lo×�äô¸ ëOí\î
± �¯��°�³�y � z | �qx�y � �¯y{��� � �6u�w9z | �6��w � z | ¸¬y�y � zÂx?yÐ�¶�6�?u�¸�� | u � �²w } y���zÂx��¯�?��yÐ�=� �~| z | ���?y � � | �¶yvu���y¾z�z�w��¬zÄx�y

��w9� | � |~� yvu � wÐ�=y�u�z | ��yv� � yÄx?y �ô| �����6u���w¡z | �6� � z | u�svy � x�y � wÐ°¶�6� � � y � y�� � �6u | ð ���¡z�u | � y6ï Ï y � y{z�z�y���w�� | �vu�y6�
÷6÷
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Aller chez le
Clown blanc

Aller à la
pâtisserie

Aller à la
pâtisserie

Aller chez le
Clown blanc

Aller chez le
Clown blanc

Aller à la
pâtisserie

Aller chez le
Clown blanc

Aller à la
pâtisserie

Tarte :
Lieu :

Tarte :
Lieu :

Tarte :
Lieu :

Tarte :
Lieu :

Tarte :
Lieu : Domicile

Oui
Domicile
Non

Tarte :
Lieu : Clown Blanc

Non

Clown Blanc
Oui

Pâtisserie
Oui
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Aller chez le
Clown blanc

Aller à la
pâtisserie

Aller chez le
Clown blanc

Aller à la
pâtisserie

Tarte :
Lieu :

Récompense

Tarte :
Lieu :

Tarte :
Lieu :

Tarte :
Lieu :

Tarte :
Lieu : Domicile

Oui
Domicile
Non

Tarte :
Lieu : Clown Blanc

Non

Clown Blanc
Oui

Pâtisserie
Oui
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� �²w } yv�¬z ��¹ � |~��| z»x�y � w � z | �6� � �#� |�� � | �¶yvu���y{z�z�y���z»x��²w���s �~| �6u�yvu�� � � � ¸ | z�y � �6������x?� � yÃx?y � �¯yv��¸ | u��6�?��yv��y���z/ï

�XU+Y�UvY â \ n���j�c�ãÄ��hFe7ilhùb:e�a�h�nse7hùb:ã ãä��f'bd\Fa�h
Ú��6�?u } � | x�yvu � y � �6���=�6uÒz�yv��yv��zmx?y � �²w } yv��z¼x�yq��w�� | �vu�y À � yq����� |~� ��¹ y�u ��¹ y À w���s �~| �6u�y�u � �6�����#x?� � y6�

�?�6� � x�s¾Ê�� |~��� �6� � �?��yô���6� � z | �6��x�yôu�s � �6���=yv� � y | ��z�yvu��?y i : S ×A→ < ��� | y � z | ��y � y } w | � | ����svx | w9zyv� | �����6u���w9z | �6���ms{z�w6��z�x?�6���?sh�?��y ��| z���w9z | �6�ìy{z����?y§w � z | �6��ï n y{z�z�y§���6� � z | �6�ì�¶yvu���y¾z À � lÁnqp x?y
��¹ � |~��| u � y � w � z | �6� � ��� | ��w9� | � |~� y���z � y � �?�Ä� �ÆÀñ� ��� } z�yvu���yôx?y �Ã} w | � �Ë| ����svx | w9z � yv� | �?�,�6u���w¡z | �6��ï ± w
�=� �~| z | ����y � �6u�u�y � �=�6��x�w��¬z�yt�=yvu���y{zÁx��¯y¾½¶y � z��?y�uq�?��yty{��� � �6u�w9z | ���'w � z | ¸¬yÉx?y � �¯y���¸ | u����?�?yv��yv��z9ï

Ï w�� � �?��y ��| z���w9z | �6����w�uÒz | � � �~| ��u�y st � � �6u � ����y � y �Òõ�� z��v��yôx�� | z ��¹ � |~��| uË�?�?ytw � z | �����¶�6�?uË��w9� | � |~� yvu� y } w | �§yv� | �?���6u���w9z | �6���m� lonqp'� s � y � z | ���?�?yÉz��6� �Á� y � � � w ��� yv��u � x?�6�¬z � w � �6��x | z | �6�§y � ztw��?��w6u | svyÄwv¸¬y �
st
ï ± y � � �6� � sv����yv� � y � x�y � �²w � z | ��� � � }6} svu�svyÄ��w�u ��¹ w � �?�ªx?y � y � � � w ��� y��?u � �¶�6�?u�u��6��z®�{z�u�y�s¾¸6w � ��svy � w��

��w � x?y�z�yv��� ��� � | ¸�w���z ¢
� � | z � yµ�?�6��°�u�yµx��²w���z | � | ��w9z | �6� � � �6u�u�y � z�y �ùÂ w�� } ��yv��z�y�u�w�� � � | z � yµ�?�6�Ä°?u�y
x��¯y�u�u�yv��u � x��²w���z | � | ��w9z | �6� � Äµw�� } ��yv�¬z�yvu�w�ï

� ��¹ w � �?�ªx�y � y � � � w ��� yv��u � w�����w�u | s � wv¸¬y � st �]� lonqp w ��� � � | yÄ���ª� | ¸¬y�w��ªx��¯s{¸6w � �¥w9z | �6� l ∈ [0, 1]
ï

± �¯y{��� � �6u�w9z | ��� w � z | ¸¬y§w;�=�6��u�°?��zÐx��²w�� } ��yv��z�y�u � y � � | ¸¬y�w6�#�´x��¯s{¸�w � ��w9z | �6���m�=�6��u�����y � y � � � w ��� yv�?u �
� � | yv��z�s{¸6w � ��s � w�� ����| u�w�� | x?yv��yv��zÂ����yÐ�=� ����| ° � y�ï ± yÐ� | ¸¬y�w��Sx��¯s{¸6w � ��w9z | ���Ñw ��� � � | s À �?� � � w ��� yv�?uÄx?s{ð
�=y��?xSx?�S���6��°�u�yÐx?y � � ��� � � y{zÂx��¯y�u�u�yv��u � x��²w���z | � | ��w9z | �6� � x?� � � w ��� yv�?uv�Î��w |~� w�� ����| x�y � �¥w�u�w����{z�u�y �
u�yv��x�w��¬z � �����#z�yox?���?�6�Ä°?u�yox��²s{¸6w � �¥w9z | �6� � �#� |¥� �6��zÃ�?s � y ��� w | u�y � �=�6��u�x�s � � w�u�yvum�?� � � w ��� yv��um� � � |~�~� w��¬z/�
| ��w�x�sv���¥w9zo�6�µÊ¥w�° � y ¢

® ��| b > 0
y{z
g > 0

�Îw � �6u �ñ� y � � w ��� yv�?uñ� � � |~�~� y6� ��w |~�ñ|~� �=yv��z��{z�u�y��#z |~� y�x�y � �¯s{¸�w � �?yvuñ� � � � wv¸6w���z
x?yÂ��w�� | �vu�y À�} w�u�w���z | u®���?yÂ��y |~�~� y��?u�yÄÊ=w�° |~�~| z�sÄx�y � y � z | ��w9z | �6� � ��z |~�~|~� s � x¥w�� �t� yÄ��u�� � y ��� � � x?y
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 �����

nË� w ��� y��?u �
(g, b)

ÅÁ| ¸¬y�w�����x��¯s{¸6w � �¥w9z | �6�
� �6ö�ö¬ö�� � �L� �q½�½ � ½ �

(3, 1) 1.0� ö^��ö¬ö�� � �L� �q½�½�½ ���
(1, 1) 0.5� ö¬ö��vö�� � �L� �q½ � ½�½ �
(2, 1) 0.75� ö¬ö�ö��+� � �L� � � ½�½�½ �
(1, 2) 0.75� ö¬ö�ö��+� � �L� � � ½�½�½ �
(2, 0) 0.5

¿ õ �¶�¡z ¹ � � y � ÅÁ| ¸¬y�w�����x��¯s{¸6w � �¥w9z | �6� rÉw | � � x�� | �?���?ï
st at st+1� �	�3�#�+� � �L�

� �	�+���L���
1.0× 0.5× 0.75× 0.75 = 0.28125 0.71875� �	�+�3�����
1.0× 0.5× 0.75× 0.5 = 0.1875 0.8125

�9�	�^1_ª;4�5�6JP�C#?DBbHL?	A;:qE�Ú�C���K+EnA�u ��K�ê���Iq<�C#�0����K¸��<d<��jA��0C#�0E

� �¶s � | w �~|~� w9z | �6��ï Ï w�� � � y � w � � l = min((b+ g)/θe, 1)
°

® ��| b = 0
y{z
g > 0

��w � ��u �t� y � � w ��� yv�?utw�z��6�6³��6�?u � ° | y��Uw���z | � | �¶sÂ��w |~� �¶yv�#zñwv¸¬� | u®°¶y � � | �·x��¯�¾z�u�y
s¾¸6w � ��st� � � � wv¸6w���zÁ�=���?uq�{z�u�ytx?s � � w�u�stÊ¥w�° � y6ï Ï w�� � � y � w � � l = min(g/θe, 1)

°
® ��| b > 0

y¾z
g = 0

�=w � �6u �Á� y � � w ��� yv��uo���²wt³Òw���w |~� ° | yv�ªw���z | � | �=s���w |~�Á|~� �=yv��zô�{z�u�y��?s � y ��� w | u�yñx?y
� �¯s{¸6w � ��yvu¿x�wv¸6w��¬z�w } yñwv¸6w���zÁx?y � y � �?���?u | ��yvuvï Ï w�� � � y � w � � l = min(b/θe, 1)

°
® ��| b = g = 0

�¥w � �6u �o� y � � w ��� yv��uq���²wô³Òw���w |~� s{z�sts{¸6w � ��sty{z l = 0
ï

Ï ��� � � � y�� | ¸�y�w�� l y � zñ°¶�6u���sÂyv�¬z�u�y���y{z��6ï�Û � y � zñs } w ��À 1
��|
� y � � w ��� yv�?ut���²w�� � � � °=y � � | �·x��¯�{z�u�y

s¾¸6w � �?sÂwv¸�w���ztx��¯�{z�u�y � �?���?u | ��s6� � �=s � | w �~|~� sÄ�6� } sv��svu�w �~|~� s6ï^Û � y � z � z�u | � z�yv��yv��z | �?�,svu | yv��u À � � �6u � ���?y � y
� � w ��� y��?uox�� | zôyv� � �6u�y��{z�u�y�s{¸6w � ��s6ï ± y � yv� |~� θe u�yv�?u�s � y���z�y � y��?�6�Ä°?u�yñx��¯s{¸6w � ��w9z | �6� � �?s � y ��� w | u�y � �=�6��u��u�yv��x?u�yt�?��ytx?s � |~��| �6� � �6� � y�u���w��¬zo�?� � � w ��� yv�?uvï

n �6����yhx�w�� ��� yµz�w�° � y�w�� ø ï~�§wv¸�y � � �²w � z | �6� � �+��� � y � � � w ��� y��?u � w��?�¥w�u | s � wv¸¬y � st � ����z } u��6���=s ��¥w�u¿w � z | �6� �¿� yv�Ä° � w�° � y � ï*Ú��6�?u ��¹ w � �?�?yÉx?y � w � z | �6� � �¶� ����| ° � y � �)� lonqp � �6� � z�u�� | z � �¯y�� � yv��° � y Sst,a x�y��| z��¥w9z | �6� ��� � � � yv��z | ° � y � x�y � �?u�¸�yv� | u�w��Ä��w � x�y�z�yv��� ��� � | ¸�w���z/�9x��²w��?u�� ��� y¼���#x?� � yÃx?y � �¯yv�¬¸ | u��6���?yv��yv��z/ï
Ï w�� �o� y � w � �!§ � y � � � w ��� y��?u � �?y � �6�¬zô��w � Ê¥w�° � y � � � y{zôy�� � yv��° � yñ�=y��#z � �6�¬z�yv� | uo� � � ��| yv��u �o��| z��¥w9z | �6� � ï
p yv� � y �m� y �¼��| z���w9z | �6� � x?sÒ³ À u�y�� � �6�¬z�u�svy � y{zÃ�?u�s � y���z�y � x�w�� �m� �¯yv� � yv�Ä° � y P � � �6��z � �6� ��| x?svu�s�y � x¥w�� � Sst,a ïn ¹ w�����y§z�u | � � y{z (st, a, st+1)

�¼z�y � ���?y
st+1 ∈ Sst,a

�Ëy � zh�?��y·x?y � z�u�w�� ��| z | �6� � ��� | �=�6��u�u�w | yv�¬z'�{z�u�y
��° � yvu�¸¬svy �¿��|�� �²w } yv�¬zÁyv��z�u�y��?u�yv�¥w | z � �²w � z | �6� a x�w�� �q� w ��| z���w¡z | �6� st ïÅ �6� � x?s¾Ê¥� |~��� �6� ��� y§� | ¸¬y�w�� x��¯s{¸�w � ��w9z | �6�ºw ��� � � | s À �?�?y'z�y �~� yhz�u�w�� ��| z | �6� (s0, a, s1) � �6����y � y��u���x�� | zÉx?y � � | ¸¬y�w��#�ªx��¯s{¸6w � �¥w9z | �6�Ux?y ��¹ w � �?�·x�y � � � w ��� yv��u �®| ��� �~| ����s � x¥w�� �®� w���u�svx | � z | �6�·x?y � y{z�z�y
z�u�w�� ��| z | �6� ¢

l(s0, a, s1) =
∏

c≈(s0,a,s1)

lc

± y ��õ ��°¶� � y ≈ y � zË�#z |~�~|~� sÁ�=�6��umu�yv��u�s � yv�¬z�yvu � �²w�����w�u | yv��yv�¬zÃx�y � ��w�u�z | y � x��¯��� � � w ��� yv��u¼wv¸¬y � � �²w � z | �6�Ðy{z� y �t��| z���w9z | �6� �t� � ��� y ����| ¸¬y � � �6� ��| x?svu�s�y � ï ± y � � � w ��� yv��u � c w6�?��w6u | s � wv¸¬y � (s0, a, s1)
� �6��z®z�y �~� ����y � yv��u

�¥w�u�z | yË���9 �¢�£/¤=£6�¡ Éy � z�w�����w�u | s�yËwv¸¬y � s0

� � y��?u���w�u�z | y¼¦�¨9¤=£6�¡ Éy � z�w�����w�u | svyËwv¸¬y � a �9y¾z � yv�?u���w6u�z | y¼©#«�«�­6¤
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y � zÄw��?�¥w�u | svy�wv¸�y � s1

ï Å �6� � x?svÊ�� |~��� �6� �É� y } w | �Myv� | �����6u���w¡z | �6�Mw ��� � � | s À � y{z�z�yÂz�u�w�� ��| z | �6� � �6����y
s{z�w��¬z ¢

Ri(s0, a, s1) = 1− l(s0, a, s1)

Å �6� � x�s¾Ê�� |~��� �6� �É� y } w | �;y�� | �?����u���w9z | �6�Mw ��� � � | s À ���?y ��| z���w9z | �6�;y{z À �?��y�w � z | �6� � �6����y � y } w | �
��w9� | ��w � ��w6u�� | � y��#����� |�� �6��zôw ��� � � | s �oÀ ��¹ w � �?�?yÉx?y �¿��| z���w¡z | �6� � w6��z | � | �¶svy � �¶�6�?u � y¾z�z�yñw � z | �6� ¢

Ri(s0, a) = max
s1∈Ss0,a

Ri(s0, a, s1)

p#|�� yt����x?� � yÉ�?yt�,�6�?u�� | zo�¥w �oÀ � lonqp w��'��� | � � �?�?y ��| z���w9z | ���'w��¬z | � | �¶svy s1

� À � w�� � yÉx?y � ��� | � � �6�Äð
� � s¾z��?x�y6�»w � �6u �

Ri(s0, a)
�?u�yv�?x � w'¸�w � yv�?uÂ��w�uÂx?sv�,w6�#z

1
���#� | y � z � wh¸6w � yv��uÄ��w¡� | ��w � y��¶�6�?u � y } w | �

| ����svx | w¡zoyv� | �?���6u���w9z | ����ï
n y¾z�z�yÁ¸6w � yv��u

Ri(s0, a)
y � zq��z |~�~|~� svy � �6����yô�?��yôu�s � �����=y�� � y | ����svx | w9z�yôx�w6� �Ë� yô�?u�� � y ��� � � x��¯s � w9ð

°=��u�w9z | �6�µx��¯�?��y®�=� �~| z | ���?ytx��¯y{��� � �6u�w9z | �6�µw � z | ¸¬y6ï?ò �~� yty � z � w � � � � svy®yv�µ���6� � z | �6��x�� � yv� � ����x?� � y��#y¾z¿�?y
x?sv�¶yv��xµ��w � x | u�y � z�yv��yv��zÁx?y � �¯y���¸ | u����?�?y���yv��z9ï n �¯y � zÁx?�6� � �?��ytu�s � �����¶yv� � y | ��z�yvu��?y�ï

�XU+Y�UWV �Cc�e�i5a�ns`�jSa�bdc�egf���`�e7hé�%c�^:bWasb�� ` hËj�c�ãÄ�%c�n�a�hmãähFe�a�\_^dhËf��xhZ^7��^zc�n�\Fa�bzc�e \�jSa�bW[�h
Ú��6�?u
u�s/w �~|~� yvu
���?yËy¾��� � �6u�w9z | �6��w � z | ¸¬y6��� lonqp x�� | zm��w9� | � |~� yvu � y � �?�Ä� � x?y ��} w | � � yv� | �?�,�6u���w¡z | �6�

� �?u � y � �6� } z�yvu���y�ïF� lonqp ��z |~�~|~� y � y � � w���w � | z�s � x��²w���z | � | ��w9z | �6�ªx�y���w�� | ��u�y À x?s{z�y�u�� | ��yvu � �6����yv��z
w }6| uË�=�6��u¼��°#z�yv� | uÃx?y �Ë| �?�,�6u���w9z | �6� � �¶yvu�z | ��yv��z�y � x�w�� �Ã� yô�,�#z���uv�����v��y � � |~�Æ� yoz�u��6�#¸¬y®x�w�� � �?��y ��| z���w9ð
z | �6��z�y �~� yt�����²w�� � ���?ytu�s � �6���=yv� � y | �¬z�yvu���y | ����svx | w9z�yt���¯y � zo�¶� ����| ° � y6ï

r®u�« � y À®� �6������x?� � yqx?y � �¯yv�¬¸ | u��6���?yv��yv��z¼y{zÃw��#��u�s � �6���¶yv� � y ��| ��z�yvu��?y � �s� lonqp y � zmy�����y � �?u�y¿x?y
x?s{z�yvu�� | �?yvuô���?yÄ�¶� �~| z | �#�?y } u�« � y À x�y � ��s{z ¹ ��x?y � x�yÄ�?u�� } u�w�����w9z | ���·x õ �¥w�� | ����y6ï^Û � u�s{z�u��¡ð	�?u�����w } y
x?�6� � � w�u�s � �6���¶yv� � y | �¬z�yvu���y | ����svx | w9z�y�yv�§�#z |~�~|~� w���z®���?yt¸6w6u | w���z�yñx�y � �²w �~} �6u | z ¹ ��ybû¼w � �?y»Û!z�yvu�w¡z | �6�¬ ¸¬� | u � y � z | �6�´�6ï��#ï��!­¾ï n yv�¶yv�?x¥w���z/��x�yv�#�U�?u��6° � �v��y �É� y��¶� � yv��zñx¥w�� �É� wµ��y � �?u�y��!§ � w�x�s{z�yvu�� | ��w¡z | �6�
x?y � wÐ�=� �~| z | ���?yÂ�#z |~�~|~� yÄx�yv�#� | �����6u���w9z | �6� � z�u�� �®| � � z{w�° � y � y{zÉ��w � z��6�6³��6�?u � Ê¥w6° � y � ï n ���?���6u���sv��yv��z À
�?��y®w�u ��¹ | z�y � z��?u�yM!�#;º��6��� lonqp ��z |~�~|~� y®x?�6� � ��������x�� � y®x?y � �¯yv��¸ | u��6�?��yv��yv�¬z¿�=�6��uv� À ��¹ w��#�?y®��w � x?y
z�yv��� � �?��y¾z�z�u�y À ³��6��uq� � � ��| yv�?u � ¸�w � yv�?u � w ��� � � | svy � w���� ��| z��¥w9z | �6� � ï

± y'�?u�y�� | yvu��?u��6° � �v��y�¸ | yv�¬zÐx?y � y'���?y��
x?��u�w���z � wU�¶svu | ��x�yµx��²w��?��u�yv��z |~��� w } y6��� lonqp ��z |~�~|~� y � y
���#x?� � y | � � �6��� � y¾z��#��� |~� y � zÐyv�Ñz�u�w | �´x?y � �6� � z�u�� | u�yµ�¶�6�?u�w �~� yvu ��¹ yvu ��¹ y�u � y ��| �?����u���w9z | �6� � ��� |¿� � |
�=y�u���y{z�z�u��6�¬zÄx?yÐu�w¡Ç���yvuñ� � � � ¸ | z�y � yÐ���v��y�����x?� � y�ï ± �¯�#z |~�~|~� w9z | �6�Sx��¯���M����x?� � y | � � �6��� � y{zÄy¾zÄ��w �
z��6�6³��6�?u � Ê¥w�° � yo�=yv��zÃ� �v� w ��| �6���?yvumx�y � �?u��6° � �v��y � ï3Ú�w�u¼y{��yv��� � y6� |~� y � zÃ�¶� ����| ° � yo�����¯����w } yv��zÃx�s¾Ê�� |~��� y
�?��y
�=� �~| z | ����y
x��¯y{��� � ��u�w9z | �6�Éyv�É��u�yv��w��¬z yv� � �6����z�y
x�y � z�u�w�� ��| z | �6� � ��� | �?y��=yv��¸¬yv��z �¥w � �{z�u�y
�6° � yvu�¸¬svy �
x�w�� �Ë� wÄu�s�w �~| z�s6ï n �¯y � z � �6�#¸�yv��z � y � w �Ë� ��u � ���?y � y � � � w ��� yv�?u �q� �6��z¿yv� � �6u�yoz�u��6� } sv��svu�w����Æï Ï w�� � � y � w � �
|~� �=yv��zÂw�u�u | ¸¬yvu����?y � wh�=� �~| z | ���?y � �6� � z�u�� | z�y À ��w�u�z | uñx��M���#x?� � yÐy{zÂx?y � w'�,�6� � z | �6�Sx?y�u�s � �6���=yv� � y
| ����svx | w¡z�y����v�?y � �²w } yv��z À u�sv�=s{z�yvu � õ � �~| �#�?yv��yv��z � wq������y � sv����yv� � y�x��²w � z | �6� � ï9ò
�ñy¾½¶y{z9� ��|�� y � w � z | �6� �
yv��z�u�yv�?u |~� y � ��w6u � �²w } yv��zÃ�?y � � | �=y�u���y¾z�z�yv��z¼��w � x�yqu�yv��y{z�z�u�y¿yv� � w�� � y � y � z�u�w�� ��| z | �6� � ��u��6° � sv��w9z | ���?y � �
|~� �=yv��z � yÉz�u��6��¸¬yvuÁ� | s } s�x�w�� � �?�§�6�#z | �Ä�?� � � � w � � � w�� � �¶� ����| ° |~�~| z�s�x?yñu�y � �6� ��| x�svu�yvu � y � s � sv��yv�¬z � x?�
���#x?� � yñ�#� | � � õ �6�¬z®w���y��?s6ï=ò�� � �6� � sv����yv� � y6� � y � w � � � � x?y � w��¶� �~| z | �#�?yñx?� | z � yñ�,w | u�y�wv¸�y � ��u��?x�yv� � y��
�?� |~� ����� |~� y � zo���6��x?s � �?uqx�y �¿| �����6u���w9z | �6� � ��w��?���¥w���zÁx?y®Ê=w�° |~�~| z�s6ï
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± y � y � �6��xÐ�?u��6° � �v��yÁy � zq���?y6�#�=yv��x�w���z � �²w����?u�y���z |~��� w } y6� � yÁ����x�� � yÁx?y � z�u�w�� ��| z | ��� � y � z � w�� � � y ��� y
w6��s �~| �6u�sµy{z � y � u�s � �����¶yv� � y ��| ��z�y�u��?y � ��¹ w6� } yv�¬z � w�� � w�u�u��{z/ï Ï �6� � � � wU�=� �~| z | ���?yµx��¯y{��� � �6u�w9z | �6�4x�y
� �²w } yv��zoy � zqz�u�� �¿| � � z�w�° � ytw6� � �6��u � x�y � ��w � x?yôz�yv��� �q� � �v� y ����| � � ï~(Î�6�#z�y���� |~� �?��w �~} u�s � y{z�z�y | � � z�w6° |~�~| z�s6�
|~� ���¯y � z
��w ��� �6� ¹ w | z�w�° � y¼x?yÃu�y � �6� � z�u�� | u�y¼yv��z | �vu�yv��yv��z»���?y¼�¶� �~| z | ����y¼�6��z | ��w � y À ��¹ w�����y¼��w � x�y�z�yv��� � �
x¥w�� ��� wo��y � ��u�y¼�!§��?�6� � ¸¬��� � �6� � ����y � �²w } yv��z
u�y � z�y¼u�s/w � z | �	ï n �¯y � z»�=�6��u � y{z�z�ymu�w |~� �6������y¼�?�6� � �#z |~�~|~� ��� �
x�y � ��s{z ¹ ��x�y �¼| z�s�u�w9z | ¸¬y � x?yÁ� � w�� | Ê � w9z | �6� |~��� �?y � x?y � w��?u�� } u�w�����w9z | �6��x õ ��w�� | ���?y6ï ± wñ�¥w�u�z | � � � w�u | z�s
x�y � y � ��s{z ¹ ��x?y �Â| z�svu�w9z | ¸¬y � y � z������¯y �~� y � �=yv��¸¬yv��z�x?���?�?y�u����Su�s � � � z�w9z | ��z�yvu���svx | w | u�y�y{��� � � | z�w�° � y À
��� | ���¶�6u�z�yô����y �~� yôs{z�w��¶yôx?� � w � � � � ï � ��¹ w�����yô��w � x?yoz�yv��� � �S� lonqp ��y¾z À ³��6��u ��¹ w � �?�?yôx?y � ¸6w � yv��u �
w ��� � � | svy � w��#�Âx | ½¶svu�yv�¬z�y ����| z���w9z | �6� � u�yv� � �6��z�u�svy � ï p w�� � ³Òw���w |~� �{z�u�yÃz��6��z À �,w | zm�6��z | ��w � y�� � w®�=� �~| z | ����y
u�s � � � z�w��¬z�y�u�y � z�y � yv�¶yv��x�w���zÄw �v� yv�#z�w6° � y6��x¥w�� �É� wµ��y � ��u�y��!§ � �¯y{��� � �6u�w9z | �6�Mw � z | ¸¬y��¶yvu���y{z À�� �²w } yv��z
x��²w��?��u�yv��x?u�yt�?�'����x�� � yt� � � � ¸ | z�yÉ����y � � |~��� � | ¸�w | zo���?yt�¶� �~| z | �#�?yÉw � s/w9z�� | u�y�ï

� ��¹ w����?y ��| z���w9z | ���·x?y � �¯yv� � yv��° � y P x�y �®��| z��¥w9z | �6� � x?sÒ³ À u�yv� � �6��z�u�svy � �Æy � zñw ��� � � | svy��?�?y�¸�w � yv�?u
u�yv�?u�s � y���z�w��¬z � y � ����� � x�s } u�y ����| �Ëx?y ��} w | � � y�� | �?���6u���w9z | �6� � w9z�z�yv��x?� ��À ��w�u�z | uÉx�y � y{z�z�y ��| z��¥w9z | �6��ï
lô| � ��| � � �¯yv� � y���° � y

P
� y�u�z Àh� z�� � Ò6yvu�� x��¯�?�S��w � x?y�z�yv��� ��� �?u � �²w��#z�u�y6� � y � ¸6w � yv��u � � w � � � � s�y ��| z�svu�w9z | ð

¸�yv��yv�¬zô��w�u � �²w �~} �6u | z ¹ ��yñx?yñ�?u�� } u�w�����w9z | �6�hx õ ��w�� | ����y6ï ± y � z�u�w�� ��| z | �6� �o� �6�¬zôx?svx�� | z�y � x�y � w �~|~� z�y
x�y � � � w ��� yv�?u �ñ} u�« � y Àµ� w'��s{z ¹ ��x�y�x�� | �¬z�s } u�w9z | �6� ¬ ¸¬� | u � y � z | ��� Í ï��!­Éwv¸¬y � � y � u�s � �6���=y�� � y �É| ��z�yvu���y �
| ����svx | w9z�y � ��� |�� yv��u � �6�¬zÁw ��� � � | svy � ï

� ��¹ w�����yñ�¥w � x?yÉz�yv��� � �F� lon¿pµ��| ��� � yñ���?y��?u |~� y�x?y�x?s � |���| ��� À �¥w�u�z | uÁx?y ��¹ w�����y ��| z���w9z | ��� s0x�y � �¯yv� � yv��° � y
P
ï	Ú��6�?u ��¹ w��#�?yñw � z | �6�h�=� ����| ° � y a � � w�u�s � �6���¶yv� � y | ����svx | w9z�yñw ��� � � | svy À s0

y¾z
a
y � z

i(s0, a)
¬ ¸¬� | u � y � z | �6� ø ï~�6ï~�#­{ï ± w�u�s � �6���=yv� � y�w9z�z�yv�?x��?y�w ��� � � | svy À ��¹ w��#�?yÄz�u�w6� ��| z | �6� (s0, a, s1)

y � z
� wÄ¸6w � y��?u

Vi(s1)
��w9z�z�sv����svyt�¥w�uq���µ�,w � z�yv�?u γ ��w ��� � � | svy À s1

x�w�� �¿� �¯yv� � yv��° � y
P
ï

n �6� � z�u�� | u�yÄ�?�?y��¶� �~| z | �#�?y � �?u � wÐ°�w � y�x��¯�?�§���#x?� � y | ����w6u��,w | zt�=yv��zô��yv�?y�u À �?��y��=� �~| z | ���?yÉz�u�� �
� �6� � ð �6�#z | ��w � y6��¸¬� | u�y À x?y � � �����=��u�z�yv��yv��z � � õ � �~| ����y � y{z � w�� � Ê¥��ï9Ú��6�?uñs{¸ | z�yvuñx?yÂz�y �~� �?u��6° � �v��y � �
� lonqp y � zo��u��?x�yv��zq¸ |~� ð À ð�¸ |~� x?y � u�s � �6���=yv� � y � w9z�z�yv��x?�?y � ï

|�z{w���zÂx?�6���?s��?��y ��| z���w¡z | �6�
s0

y¾zÄ���?yÐw � z | �6� a � ���6� � x�s¾Ê�� |~��� �6� ��� w'u�s � �6���¶yv� � yÐw9z�z�yv�?x��?y�yv�z�yvu���y � x�y } w | �'x�� | �?���6u���w9z | �6� � �6����y ¢
Ei(s0, a) = min

s1∈Ss0,a
Vi(s1)

± y
min

x�w�� � � y¾z�z�y®sv����w¡z | �6��u�y Ù �¾z�y � wÄ�?u���x?yv� � yôx?y�� lon¿p ï�ò���y¾½¶y{z/���=�6��u ��¹ w6���?ytw � z | �6��� |�� � �6� ��| ð
x��vu�y � w | ��z�yvu��?yµ� | � | ��w � y'����� |~� y � z�yv�4x�u�� | z�x��²w9z�z�yv��x?u�y��
yv�4���6� � z | �6�´x?�4���#x?� � y�ï n �¯y � z � y¾z�z�yµu�s¾ð
� �6���¶yv� � y·� | � | ��w � yU����� |~� ��¹ yvu ��¹ y À ��w9� | � |~� yvu�y�� � s � y � z | �6�?�¥w���z � �²w � z | �6�\w6�?�?u��6�?u | s�y6ï Ï y � y{z�z�y
| �����6u���w9z | �6����� lÁnqp x?s�x?� | z � wµ�#��w �~| z�s�w ��� � � | svy Àµ� w ��| z���w9z | �6� s0

y¾z Àµ� �²w � z | �6� a y��;�#z |~��|~� w6��z��?��y¸�w�u | w��¬z�ytx�y � sv����w¡z | �6� � x�yP?Ãy �~� ��w��~Ý�þ ¬ ¸¬� | u � y � z | �6�;�6ï��#ï��!­ ¢
Qi(s0, a) = Ri(s0, a) + γEi(s0, a)

Ï � �¿� ��u � �)� lÁnqp ��y{z À ³��6��u � wÂ���6�#¸¬y �~� yô¸�w � yv�?uow ��� � � | svy À s0
¢

Vi(s0) = max
a∈A

Qi(s0, a)

ß2��Ñ�å�è�í,�!ôGã|ìqæ�öjìzåGëFìqölêuìqé�ôqûFâ;åbä~íxáZæ;éJè�ì ! ìqêDêuòzå�æ}á�ãVíuüZíDæ�å�êuìqé.ä~íxìqæZäpè�å�æ;é�êiî â�ä~íuêDíuéVåbä~íxáZæ»è#ìzêDågë�å�êuìqâ#ã�òzíuæ;íuò>â;ò öjáZòzò�ìã|ôqöjáFòló!ìqæ;éÈì�åbä|äVìqæ�è�â�ì�ç�ó!áZâ#ã�äVãVå�è;â�íxã|ìpêDåló;ãVâ�è#ìqæ;öjì�è#ì�à�ï.ð�ñ��
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± yt�,w � z�yv�?u γ y � z � yt�8w � z�yv��uqx��²w����6u�z |���� yv��yv��z/ï*Û � ³����?y � yÉ������ytu8Ì � yt�#�?ytx¥w�� �¿� �¯sv���¥w9z | �6�;�6ï��#ïÈ � ��õ?� z��v��y�x��²w����?u�y���z |~��� w } y���w�utu�yv�����6u � yv��yv�¬zÉ�#� | �?y�x |~� �=� � y���w � x��¯���·����x?� � yÂx�y � �¯yv��¸ | u��6�#ð
�?yv��yv��z9� � �6����yüY�ý Á�½ �'��º*Ä�º3¡6� �?yÐ�=y��#zÄ��y{z�z�u�y À ³��6�?u � y � ¸6w � yv��u � y{z � y � ����w �~| z�s � ���?y � �6u � ����� |~� w }6| zy¾½¶y � z | ¸¬yv��yv��zox¥w�� �¿� �¯yv��¸ | u��6�?��yv��y���z ¬ ¸�� | u � y � z | ���U�6ï²Ì�ï~�#­¾ï ± yt���#x?� � yt�¶yvu���y¾z¿x��²w���z | � | �=yvu � y � � �6� � s{ð
����yv� � y � x�y � y � w � z | �6� � �?y{zox?y ��| ��� � yvuËx�y � w � z | �6� � �=�6��uË��y{z�z�u�y À ³��6�?uË� � � ��| yv��u � ¸6w � yv��u � ��w�uq��w � x?y
z�yv��� � ï

± wÂ�=� �~| z | ���?yty � zox?s{z�yvu�� | ��svytyv� ��¹ � |~��|~��� w���zox?yt��w6� | �vu�ytx?s¾z�yvu�� | � |~� z�y6�?�=���?u ��¹ w�����y ��| z��¥w9z | �6� s �� �²w � z | �6� a z�y �~� yt�#�?y Qi(s, a)
y � zo��w9� | ��w � y�ï

�tÔ+D ò;ÙoÞ�ßÒâ¶ß�ó®æ�×4ç�×4ÛWÜ�Qñß�ÛÝß�à�ÜËâÆß�Ù�N ç�×�àµÚFE�äÎÙ¿Û I�×7N�à�×�à'Ú¶×Kþ�æ�×�àµÜ�Lo×�äÿ¸ ëOí\î

± wh�¶� �~| z | �#�?yÐx?s � u | z�y Àh� w � y � z | �6�S�?u�s � svx�yv��z�yÐ�¶yvu���y{zÂx��¯y{�?� � �6u�yvu � �¯yv�¬¸ | u��6���?yv��yv��zÂx�yÐ��w�� | �vu�y
w � z | ¸¬y6��x?yË��w6� | �vu�y À � yË�����¯���Ä����x?� � yÃÊ¥w�° � yËx�y � �¯yv��¸ | u��6�?�?y���yv�¬z � � | z¼w��?�?u |~� � � � � ¸ | z�yË���?y ��|�� �¯y{��� � �¡ð
u�w9z | �6��s{z�w | z¿w � s�w9z�� | u�y6ï Ï w�� � � y{z�z�y � y � z | �6���#�?�6� � x?s � u | ¸¬�6� � � �6����yv��z � lon¿p w6�?�?u�yv�?xÐ���?yô�=� �~| z | ���?y
� � | �=yvu���y{z�z{w���ztx?yÄu�y���� ��| u � y � �6°?³�y � z | � � z�y �~� ����� |��~�®� ����ztx?svÊ�� |~� �¥w�u � wÐu�s � �6���=yv� � yÄyv�¬¸ | u��6���?yv��yv�#ð
z�w � y�ï ± wt��u�yv� | �vu�y¿�¶� �~| z | �#�?yo�=yvu���y{z¼x��6� � À w�� } � � z�yox��²w����?u�y��?x?u�y¿u�w�� | x�yv��y���z � yo���#x?� � yox?y � wtÊ } �?u�y
ø ï~�6ï ± wU�=� �~| z | ���?y � �6u�u�y � �=�6��x À � y �~� y'x�y � wªÊ } �?u�y ø ï��#ïmò �~� y'�=yvu���y{z À·l � } � � z�yµx�yµ��w9� | � |~� yvu � w
u�s � �6���¶yv� � y6� � �¯y � z�ð À ð x | u�ytx��¯yv��z�w�uÒz�yvu � y � � ��¾Á�µ° � w�� � w��µ� � � � ¸ | z�y6ï

� ��¹ w�����y��¥w � x?yÂz�y���� � ��� lÁnqp u�yvóv� | z�x�y � �6�;y���¸ | u����?�?yv��yv��z��?��y�u�s � �6���¶yv� � y � � w � w | u�y rt y{z�?��y��?�6��¸¬y �~� y ��| z���w9z | �6�
st
� � �6����y�u�s � � � z{w9z®x�y � �²w � z | �6� at−1

yv��z�u�yv�?u |~� yÂw � �6u � ���?y � w ��| z���w9z | �6�
st−1s{z�w | zÂ�¶yvu�ó��?y6ï n y{z�z�y�u�s � �6���¶yv� � y�yv��¸ | u��6�?�?y���yv��z{w � y | ����svx | w9z�yÐy � z�w ��� � � | svy À st x¥w�� �Â� �¯yv� � yv��° � yx?y �t��| z���w9z | �6� � �=yvu�óv�?y �

P
ï Å �6� �t� w��?�¡z���� �

Rp(st)
ï n y{z�z�yÂ���6� � z | �6� Rp u�y��?u�s � yv�¬z�y � y � °��#z � x�� �Òõ?� ðz��v��y6��x?s¾Ê¥� |~� �¥w�u � y � u�s � �6���=y�� � y � yv��¸ | u��6���?yv��yv��z�w � y � ï3Û � | yv� � �6u�y6���?�6� � �#z |~��|~� ��� � x?y � z�y ��¹ � | ���?y � x?y

� � w�� | Ê � w¡z | �6� | z�svu�w9z | ¸¬y � �=�6��ut�¶yvu���y{z�z�u�y À � lÁnqp x��¯�#z |~�~|~� yvu � �6�;���#x?� � y�x?y � �¯yv��¸ | u��6�?��yv��y���zñ�¶�6�?u
u�yv��� �~| u � y � �6°�³�y � z | � � ï

n ������y®x¥w�� �Ë� w � y � z | �6� ø ï~�6ï��#�~� lonqpÐ��| ��� � yô� � � ��| yv��u � w � z | �6� �qÀ ��¹ w�����yô�¥w � x?yÁz�yv��� � ï £ �¥w��?x
� lÁnqpU��| �Ä� � yÐ�?��yÐw � z | �6� À ��w�uÒz | uñx�y � w ��| z���w¡z | �6� s0

� |�� �#z |~�~|~� y � yÐ���#x?� � yÐx?y � z�u�w�� ��| z | ��� � ���6��u�� |
��w�u � w �~|~� z�y�x�y � � � w ��� yv�?u � y{z � y���s � w6� |~� ��y�x�� | ��z�s } u�w9z | �6��ï l ¸¬y ��� y ��| �����6u���w9z | �6� � �X� lon¿p � w � � � � y6�
�=���?u ��¹ w����?yôw � z | �6�Ð�=� ����| ° � y a � � �¯yv� � y���° � yÁx�y �¼��| z���w9z | �6� � w���z | � | �=svy � s1

ï È �?y¿¸6w � y��?u¼x?you�s � �6���=yv� � y
w9z�z�yv�?x?��y

Vp(s)
y � zËw ��� � � | svy À ��¹ w�����y ��| z��¥w9z | �6�Ðx�y � �¯yv� � y���° � y P ï n y¾z�z�y¿¸6w � yv��um��y � �?u�y À ���?y � �=� | ��zw9z�z�y | �?x�u�y � w ��| z��¥w9z | �6� � �6u�u�y � �¶�6�?x¥w���z�yÁ�=yvu���y{z�z�u�wÉx?yÁ��w9� | � |~� y�u � y � ����� � x�y � u�s � �����¶yv� � y � ����z��?u�y � ï

± yË��u�� � y ��� � � x��²w6�?�?u�yv��z |~��� w } yq��w�u»u�y��?���6u � yv��y���z��?u��6��u�yv��yv��z�x | z���y{z À ³��6�?u � y � ¸6w � y��?u � x?yË�8w�óv�6�
| z�svu�w9z | ¸¬y6� } u�« � yqw6�Â���#x?� � yËx�y � z�u�w�� ��| z | ��� � y¾zmw��#�Äu�s � �6���=yv� � y �»| ����svx | w9z�y � ï'Û � | yv� � �6u�y6� � yq�?u�� � y ��� � �
x��²w����?u�y���z |~��� w } yÐy � z��?u���x?yv��z9�Î�?� |~� ����yÐx?��u�w���z � �²w��?�?u�yv��z |~��� w } y � w9z�yv�¬z/� � y����#x?� � y�y � z | � � ����� � y¾zÂy{z
��w�������ytx?y®Ê=w�° |~�~| z�s6ï

ò��Ð��u�yv� | yvu �~| y�����s¾z�w���zqx?�6���?s¿z��6��z�y �Ã� y � z�u�w�� ��| z | ��� � �=� ����| ° � y �ËÀ �¥w�u�z | uÃx?y
s0

�S� lonqp � w � � � � y � y �
���¥w �~| z�s � w ��� � � | svy � w����µw � z | �6� �}¢

Qp(s0, a) = min
s1∈Ss0,a

[R(s1) + γVp(s1)]
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 ��� ø
Û � | y�� � �6u�y6� � y¿�,w � z�yv��u γ y � zÃ�����,w � z�yv��u�x��²w����6uÒz |~��� yv��yv�¬z/�¬��� | ³��6��y � yo���v��you8Ì � y¿����y¿x¥w�� �¼� �¯sv���¥w9z | �6���ï²Ì�ï¥r®ub« � y À � y � ¸�w � yv�?u � ��� lon¿p ��y{z À ³Ò�6�?u � wÄ¸6w � yv�?u¿w ��� � � | svy ÀÂ� w ��| z���w9z | �6� � �6� ��| x?svu�s�y s0

¢
Vp(s0) = max

a∈A
Qp(s0, a)

Ú�yv��x�w���z � wt� ¹ w � y¿x�y � s � y � z | �6��x?y � �²w � z | �6���¬����w���x � w ��| z��¥w9z | �6���=y�u�óv�?y¿y � z st �s� lÁnqp ��¹ � |~��| z � �²w � z | �6���u��6��u�y À ��w9� | � |~� yvu
Qp(st, a)

ï Ï y � y¾z�z�yq��w�� | �vu�y6��� lon¿p � �6� � z�u�� | zm�?��yq�=� �~| z | ���?yqx��¯y{��� � � | z�w9z | ������� |
� � | �¶yvu���y{zÁx?y ��¹ � |~��| u � wÂ��y |~�~� yv��u�yñw � z | ���'�=�6��uqu�yv��� �~| u � y � �6°�³�y � z | � � ��z�y �~� ����� |~�~�o� ����zÁx?s¾Ê¥� |~� ��w6u � w
u�s � �6���=yv� � yÉyv��¸ | u��6�?��yv��yv�¬z�w � y6ï

�tÔ Ó òUÙoÞ�ß�âÆß�ótæñ×èç�ã�×�QMIÄÞ�Ù¿Ú¶ÜËâ¶ß�Ù N à��Éà�âFE
ÛÝÜËâ¶ß�ótæñ×YÜ7LÁ×
ä§¸ ëOí\î
Å �6� � x?s¾Ê¥� |~����| �6� �¿| � | ���?yt���6�#¸¬y �~� yÉu�s � �6���¶yv� � y | ����svx | w¡z�yt�¶�6�?uq�¶yvu���y{z�z�u�y À�� �²w } yv�¬zox�yô¸ |~��| z�y�u

u�s } � �~| ��u�yv��y���zôz��6�#z�y �®� y �®��| z��¥w9z | �6� � �=� ����| ° � y � ï Ï yÂ��w�� | �vu�yÂw ��� y¥@ ��| � |~� w | u�y À !�#;º��ZY\[Ë�Æ�?�?y�¸6w � yv��u
Rx(s)

y � z¼w ��� � � | svy À ��¹ w�����y ��| z���w9z | ���Âx�sÒ³ À �=yvu�óv�?y s ï È �?yÃ¸6w � yv��u Rx(s)
y � zm� � � �
| ���¶�6u�z�w��¬z�y � �6u � ���?y

s
���²w���w � s{z�sÉ�=y�u�óv�?yÉx?yv�?� |~� �?�'� � � �¿} u�w���xµ���6��°�u�ytx�yt�¥w � x?y®z�yv��� � ï ± �6u � ����yP� lonqp �=y�u�óv� | zÁ�?��y

���6�#¸¬y �~� y ��| z���w9z | �6�
s
�
Rx(s)

y � zÁ� |~� y À ��ï n ¹ w � �?�?yÉx�y � w���z�u�y �o��| z���w9z | �6� � y � zôw�� } ��yv�¬z�svy6�¥wv¸¬y � �?��y
��u��6°¥w�° |~�~| z�s

pxd
� � y � �6�'���?ytu�� }6� ytx�y�¼ | x�u���¾qð+¿Á��½·x?yôz�w6�#��x��²w��?��u�yv��z |���� w } y

βxd
¢

Rx(s)← (1− βxd)Rx(s) + βxd
± y �®��| z��¥w9z | �6� � x | ½¶s�u�yv��z�y � x?y

s
��y � ����zt�¥w � w�� } ��yv��z�svy �®�Òõ�� z�sv��w9z | �#�?yv��yv��zt�¥w�u � yÂ���?y�� � yÂ�,w |~� w���z/�

x¥w�� �Á� y � z��6� � ��u�yv� | y�u � ��w � x�ytz�y���� � x��¯�?�?y ��| �Ä� � w9z | �����¶w � �6u � �#�?y � �²w } yv��z®���²w�yv� � �6u�yñy¾���=s�u | ��yv�¬z�s
�#���¯�?��y | ��Ê���y���w6u�z | y�x�y ����| z���w9z | �6� � � � y � wh�¶yv�#zÄyv� } yv�?x�u�yvuñx?y � °¶�6� � � y � � �6���¶�6u�z�y���yv��z{w � y � �,w |~� w���z
u�sv�=s¾z�yvu ÀÄ� �²w } yv��zox?y®��w�� | �vu�y � õ � �~| ���?y � y � ���v��y �Ë� sv����yv� � y � x��²w � z | �6� � ï ± wÄ� |~� y À ³����?uË�?u���°�w�° |~��|~� z�y
x�y � ¸6w � yv��u � �¶yvu���y¾zox��¯s{¸ | z�yvu � y{zos � ��y |~� ï

n �6����y¿x�w�� ��� y �m� y � z | �6� � �?u�s � svx�yv��z�y � �s� lon¿pÂ��| �Ä� � y¿� � � ��| yv�?u � w � z | �6� �mÀ ��¹ w����?y¿��w � x?yËz�yv��� � ï
£ ��w���xø� lon¿pÐ��| ��� � y®�?��ytw � z | �6�'wv¸¬y � � w ��| z��¥w9z | �6� s0

� �6����y®�=� | �¬z¿x?y®x�sv��w�uÒz/� |~� �#z |~�~|~� y � y®����x?� � y
x�y � z�u�w�� ��| z | �6� � ���6�?u�� | �¥w�u � w �~|~� z�yñx?y � � � w ��� yv��u � y¾z � yÉ��s � w�� |~� ��yñx�� | �¬z�s } u�w¡z | �6��ï l ¸¬y �ñ� y �Á| �?�,�6u���w¡ð
z | �6� � �s� lonqp � w � � � � y6���¶�6�?u ��¹ w�����yow � z | �6���=� ����| ° � y a � � �¯y�� � yv��° � y Ss0,a x?y �m��| z���w¡z | �6� � w��¬z | � | �¶svy � s1

ï
È �?y¿¸�w � yv��u¼x�yÁu�s � �6���¶yv� � yôw¡z�z�yv��x?�?y Vx(s)

y � z¿w ��� � � | svy À ��¹ w����?y ��| z��¥w9z | �6��x?y � �¯yv� � yv�Ä° � y P ï n y{z�z�y¸�w � yv�?u | �?x | ���?y�x�w�� � ���?y �~� yñ��y � ��u�y � w ��| z���w¡z | �6� � �6u�u�y � �¶�6�?x¥w���z�y��=yvu���y{z�z�u�w�� À�� ��wv¸¬yv� | u��¥x��¯s{¸ | z�yvuox�y
�¶yvu � y{¸¬� | u � y � ���v��y �¿��| z���w¡z | �6� � �#�?y � y �~� y � �#� | �6��zÁs{z�st�¶yvu�ó��?y � u�s � yv����yv��z/ï

|�z{w���z
x?�6���?sÃ�?�?y ��| z���w9z | �6�
s0

y{z
�?��yÃw � z | �6� a �¡�?�6� � x?svÊ�� |~��� �6� ��� wo�#��w �~| z�sËw ��� � � | svy Ào� w ��| z��¥w9z | �6�
s0

y{z À�� �²w � z | �6� a � �6����y ¢
Qx(s0, a) = max

s1∈Ss0,a
Rx(s1) + γVx(s1)

Ï � �¿� ��u � �)� lÁnqp ��y{z À ³��6��u � wÂ���6�#¸¬y �~� yô¸�w � yv�?uow ��� � � | svy À s0
¢

Vx(s0) = max
a∈A

Qx(s0, a)

Ú�yv��x�w���z � wt� ¹ w � y¿x�y � s � y � z | �6��x?y � �²w � z | �6���¬����w���x � w ��| z��¥w9z | �6���=y�u�óv�?y¿y � z st �s� lÁnqp ��¹ � |~��| z � �²w � z | �6���u��6��u�y À ��w9� | � |~� yvu
Qx(st, a)

ï Ï y � y{z�z�y'��w�� | �vu�y6��� lÁnqp � �6� � z�u�� | zÐ�?��yµ�=� �~| z | ���?y'x��¯y{�?� � �6u�w¡z | �6�
�Òõ�� z�s���w9z | ���?y6ï



��� � ù»ú=û¾üÆý�þ�ÿ��u�+��³J��¶���$zõ����}$^&k¶����^$%���9þp��û®ü����~ý�þ�ý)(	&L�}"F��¶ñü��9ÿvþ���¶����=þ�û����tû! ��#"
· �ñù�

�tÔ�g íìÙoÛ I�Ú¶ÙoÛ ß�à\×7Noâ¶Ú¶×á×XQPIÂÞ�Ù¿Ú¶ÜËâ¶ß�Ù�N ×Îâ^×XQPIÂÞ�Ù¿ßÒâ=ÜËâ¶ß�Ù�N Ü�Lo×
ä§¸ ëOí\î

Ï w�� �t� y � x?yv��� � y � z | �6� � �?u�s � svx?yv�¬z�y � �Æ�?�6� � wv¸¬�6� � x?s � u | z � �6����yv�¬zP� lonqp � �6� � z�u�� | zôz�u�� |~� �¶� �~| ð
z | ����y �g¢ x�yv�#�Â�¶�6�?u � �¯y{��� � �6u�w9z | �6��y¾z � wÁz�u�� |~��| �v��yq�=���?u � �¯y{��� � � | z�w9z | �6��ï Å �6� � w�°=��u�x?�6� �
| � |?� yq��u��6° � �v��y
x?y � �²w�u�° | z�u�w } y®yv��z�u�y � y � z�u�� |~� �¶� �~| z | ����y � �#x?y®��w�� | �vu�y À �?u��#x?� | u�yÁ��� � �����¶�6u�z�yv��yv��z }6� �6°¥w � �?u��6��u�y À
� �6�Ä° | �?y�uqy{�?� � �6u�w9z | �6�hw � z | ¸¬yÉy{zoy¾��� � � | z�w9z | �6��ï

± y � z�u�� |~� �¶� �~| z | ����y ��� �6��z | �?x?sv�¶yv��x�w���z�y � �»y{z � �²w�u�° | z�u�w } y � yµ�,w | z�x��?u�w6��z � w·� ¹ w � yµx�y � s � y � z | �6�
x?y � ��w � z | �6��ï ± �6u � ����y±� lonqp �¶yvu�ó�� | z��?��y ��| z���w9z | �6� st � |~� � w � � � � y � y � ���¥w �~| z�s � Qi(s0, a)

�
Qp(s0, a)y{z

Qx(s0, a)
u�y � �¶y � z | ¸¬y���yv��z§w ��� � � | svy �'À�� wÑ��w9� | � |~� w¡z | �6�\x?y � � | �����6u���w9z | �6��� À�� wÑ�¶�6�?u � � | z�y·x?y �

°?��z � y{z ÀM� �¯y{��� � �6u�w9z | ��� ��õ?� z�sv��w¡z | ���?y��¼wv¸6w6��z�x?y � y � w } u�s } yvu�ïÃò
� � y§��� | � ��� � yvu��?y � y � �6����u��6� |~�
y{��� � �6u�w9z | �6�{�¡y{�?� � � | z{w9z | �6��� |~� ���¯y � z���w �Ð� ��� ¹ w | z�w�° � yhx���w } u�s } y�u � y � z�u�� |~� � u | z��vu�y � yv� � w � � � � w��¬z��?�?y
���¥w �~| z�s }6� �6°�w � y � �6����y � �6����yt�=�6��x?svu�svytx?y � z�u�� |~� ���¥w �~| z�s � s � sv��y���z�w | u�y � ï¥ò��µy¾½Æy{z/�

® � � |~��õ w�°¶y�w�� � �6�?�Ux�y } w | � �É| ����svx | w¡z � x�� | �����6u���w9z | �6� À w9z�z�yv�?x�u�y6� � y � �?��� � x�y � y �É} w | � � w��� �6� } z�yvu���y®�=yv��zq�¾z�u�yÁz�u�� �q| ���=�6u�z{w���z¿y{z � w�� � � �6�����?��yô��y � �?u�y®wv¸¬y � � wÄu�s � �6���¶yv� � y®yv��¸ | u��6�#ð
�?y���yv��z{w � yÉw9z�z�yv��x?�?yp°

® � wô����w��¬z | z�sÃx�yÃu�s � �6���=y�� � yÃyv��¸ | u��6�?��yv��yv�¬z�w � yÃ��yÃ�=yv��z
��w � �{z�u�y � �6�?�#�?yËwv¸�w���z
�#�?y � yË�?u�� � y ��� � �x��²w6�?�?u�yv��z |~��� w } yñw | zÁw¡z�z�y | ��z¿z��6��z�y �¿� y �¿� �6��u � y � x�ytu�s � �6���¶yv� � y6ïÛ �Æ� yvu�w | z¿x��6� � x | Ç � |~� y®x�y®x?s¾Ê¥� | u ÀÄ� �²wv¸�w�� � ytx?y � �¶� | x � w6x?sv���¥w9z � �=���?u ��¹ w � ����x?y � � u | z��vu�y � ï�(��6�#ð
z�yv�,� |~� � |~� u�y � z�yª�=� ����| ° � yªx?y§x�s¾Ê�� | uÐ�?��y ¹ | s�u�w�u ��¹ | y§yv�¬z�u�y � y � � u | z��vu�y � ïzÚ
� |~� ���?y � �²�6�#z | ��w �~| z�sªx�y � w
�=� �~| z | ����yÄx��¯y{��� � � | z�w9z | ���·x?sv�¶yv�?xªx�y � w�Ê=w�° |~�~| z�sÄx��ª����x?� � yÄx�y � �¯yv�¬¸ | u��6���?yv��yv��z/� � w�u�y �{¹ yvu ��¹ yÂx�� | �#ð
���6u���w9z | �6� � w���s �~| �6u�w��¬z � yo����x�� � yoy � z¼��u | �6u | z{w | u�y6ï9û | y���z¼y�� � � | z�y � wÉ��w9� | � |~� w9z | ����x?y � wÉu�s � �6���=yv� � y��
�?� |~��� �¯y{��� � �6u�w9z | �6� �Òõ?� z�sv��w9z | ���?y6ï¼ò�� � ��� � sv����yv� � y6� � y ��¹ � | �´x?y � �²w � z | �6�ì�6�¶�vu�y'x�y � w � �6u�z�y ¬ �?�6� �
�?�¡z��6� �

A\{a0}
� �¯yv� � yv��° � y l �?u | ¸¬stx�y � �¯s � sv��yv��z

a0

­ ¢
® � � |~� y{� |~� z�y��?��y�w � z | �6� a0

�Áz�y �~� y������²w6� � ���?y�w��#z�u�y�w � z | �6� a′0
���¯y � z·z�y ��� yÑ����y

Qi(st, a0) <

Qi(st, a
′
0)
�my¾z � � |~� y¾� |~� z�yªw��ì��� | � � ���?y§w���z�u�y§w � z | �6� a′′0 z�y �~� y§����y Qi(st, a0) > Qi(st, a

′′
0)
�

w � �6u �¿� �²w � z | �6� ��¹ � |~��| yÉy � z a0

°
® ��| �?�6��� � � |~� y{� |�� z�yt�?��ytw � z | �6� a1

�#z�y �~� yt�#���²w�� � �?��ytw���z�u�yÉw � z | �6� a′1 ���¯y � zqz�y �~� yÉ���?y Qp(st, a1) <

Qp(st, a
′
1)
�6y{z � � |~� y{� |~� z�y¿w������ | � � ���?yqw6�#z�u�y¿w � z | �6� a′′1 z�y �~� yq����y Qp(st, a1) > Qp(st, a

′′
1)
��w � �6u �

� �²w � z | �6� ��¹ � |~��| yÉy � z a1

°
® ��| �?�6��� � �²w � z | �6� ��¹ � |���| y a2

y � z¿z�y �~� yÉ���?y
Qx(st, a2) = maxa∈AQx(st, a)

ï
l �#z�u�y���yv��zôx | z/� ��| z��6��z�y �o� y � w � z | ��� �o� �6��zôsv��� | ¸6w � yv�¬z�y � � �6� � yvu��¥w���z � w���w9� | � |~� w9z | �6�hx?y � � | �����6u�ð

��w9z | �6����� lonqp y{�?w6� | �?y � �¯�6��z | ��w �~| z�s�x�y � w � z | �6� � � �6� � y�u���w��¬z � wµ��w9� | � |~� w9z | �6�;x�y � wµu�s � �6���=yv� � y
yv��¸ | u��6�?��yv��y���z�w � y6ï p�|¬� y � x | ½¶svu�yv��z�y � �=� ����| ° |~��| z�s �Î� �6�¬z�yv� � �6u�y¼sv��� | ¸6w � yv�¬z�y ��� y � �6� � y¼x?yv��� | �v��y � u | z���u�y6�
� lÁnqp ��¹ yvu ��¹ y À y¾��� � ��u�yvu � �¯yv��¸ | u��6�?�?y���yv�¬zox?yÉ��w�� | �vu�y �Òõ�� z�sv��w9z | �#�?y6ï

�tÔ&� á·â¶æÄçñ×Y×�QMIÈE»ÚÆß�ÛÝ× NÁâ=ÜoÞ�×
�XUd�XUvY �$^7�'^dc�n�\Fa�bzc�e \�jSa�bd[�h

Ï w�� � � y{z�z�y � y � z | �6���¶�?��� � x?s{z{w |~�~� �6� � x�y � y{���¶svu | y�� � y � �¶�6�?uo¸6w �~| x?yvu®y{���¶svu | ��yv��z�w � y���yv��z � �¯y{��� � �¡ð
u�w9z | �6�hw � z | ¸¬yÉx�yM� lonqp yv� � w � �6����u��6��z{w���z À�� �¯y{��� � �6u�w9z | �6�hw � s�w9z�� | u�y6ï n y � z�y � z � �#z |~�~|�� y���z � y � ���v��y �



�3���+��àqþ�&+$��}��>�üJ�{ÿ�ý�¶����=þ	û���� ��� ­
y���¸ | u����?�?yv��yv��z � ���?y�x¥w�� �ô� w � y � z | �6� Í ï Í ï~�6ï^Û �~� ��u�s � yv��z�y���z®x�y � ��� õ y��?�?y �®� ��u����6� ��| ��� � w9z | �6� � ï ± y �
Ê } �?u�y � ø ï²Ì�� ø ï ø � ø ï ­ y{z ø ï ÷ ���6��z�u�yv��z � �¯s{¸¬� � ��z | �6�M��� õ yv�?��y�x?�;�=�6��u � yv�¬z�w } y�x?y � ���?��w |���� w�� � y��=�6��u
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� ��u � �����¯��� ��¹ yv� | ��y � zq° � �����?s�ï�Û � | ���?�6� � ���6��z�u��6� � � �6����yv�¬z � �¯��z |~�~|~� w9z | �6��x��¯�?������x�� � yôx?y � �¯yv��¸ | u��6��ð
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ò��ªu�y{¸6w6� ��¹ y��=���ªw } y���z � w���w�° � yÄx��²w���z | � | �=y�uÁ�¶yv�#zt��y{z�z�u�y À ³��6��u � wÐ�=� ��| z | ����y�� � � � u�w�� | x?yv��yv��z/ï
Ï � � ���?y � w � �6�?u � yªx?yª���6�?u�u | z��?u�y§x |~� ��w�u�wHd~z/� � �²w�° � yv� � y·x?yªu�s � �6���¶yv� � yªy � zµu�s¾z�u��¡ð	�?u��6�¥w } svy6�Ëy{z � w
�=� �~| z | ����y�y � z�� |~� y À ³��6��u � ���?���6u���sv��yv��z À·� w·��w�u�z | y � yv�¬z�u�w � yµx�y � wªÊ } ��u�y ø ï������ � �¯y � z�ð À ð	x | u�yµ���?y
z��6��z�y �®� y � ¸�w � yv�?u �®� �²w��?�#� � yv��z9ï n y � |»� � | �¶yvu���y{ztx�y�z�u��6��¸¬yvu®� � � � u�w�� | x?yv��yv��z � w��?���#¸¬y �~� y � �6��u � yÂx?y
�?�6��u�u | z��?u�y6ï�Û � �=yv��z�w � �6u � � w � � � � yvuÄz�u�� � u�w6� | x?y���yv��z � wª�?�6��¸¬y �~� yµ�=� ��| z | ���?y } u�« � y Àª� �6�4����x�� � y�x?y
� �¯yv��¸ | u��6���?yv��yv��z/ï
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± y � Ê } ��u�y � ø ï����6� ø ï��6�Äy{z ø ï��6Ì |��~� � � z�u�yv�¬zou�y � �=y � z | ¸¬yv��yv��z � yôz�yv��� � � |~� ��w6u � lon¿p �¶�6�?u¿w ��¹ y¾¸¬yvu

� y � y ��� w |~�É� � �v� y ����| � � x¥w�� � �§w�@�y/�#� � n �_�ªw�@vy/��� ² n y{zM�ªw�@vy�Ì?�/� n ï n y � u�s � � � z�w9z �t� �6�¬zÉx�y � ��� õ y��?�?y �
� �?u����6�hy{���¶svu | yv� � y � ï � ��¹ w�����y���� |~� ��� lonqp ��z |~�~|~� y�z��6� �ñ� y � � | ¸¬y�w��#�Mx?y � �6� �Òõ�� z��v��y�x?y�x�s � |~��| �6�
¹ | s�u�w�u ��¹ | ���?y6ï

Ï w�� � ��¹ w � �?�?y¼x?y � y � y{���¶svu | yv� � y � � � y � ������y � �¥w�u�w����{z�u�y � ���?y¼�?u�s � svx?y�����yv��z � �6��z»��z |~�~|~� s � � � �¯y � z�ð
À ð x | u�yo����y � y � z{w��#��x��²w��?��u�yv�¬z |~��� w } yox�y � y � z | ��w9z | �6� � � �6� � yvu���w���z � �²w��?��u�yv��z |~��� w } y � w9z�y���z � �6�¬zÃx�y 0.1

ï
± y � y�� |~� x?yô�?�6�Ä°?u�yôx��¯s{¸6w � �¥w9z | �6� �

θe
y � zqs } w �ÆÀ
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¬ ¸¬� | u � w � y � z | �6� Í ­{ï ± y � �,w � z�y��?u � x��²w����6u�z |~��� yv��yv��z

γ
x�y � �¶� �~| z | �#�?y ��� �6�¬z�x?y

0.5
ï ± w·��u��6°�w�° |~�~| z�s'x��²w�� } ��yv��z�yvu � �²w9z�z�u�w | zÐx��¯�?��y ��| z���w9z | ���Ñz�w��¬z������¯y �~� y

���¯y � zË�¥w � �=yvu�óv�?yÁy � z
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ï n y{zqw9z�z�u�w | z¿w�� } ��yv��z�y � y � �6�Ð����z�w��#�Ðx��²w����?u�yv�¬z |~��� w } yÁx�y
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y{z � yoz�u��6��¸¬y

u�svx�� | z À
0
x�� � ���?y � w ��| z��¥w9z | �6� � �6u�u�y � �=�6��x�w���z�yty � zo�¶yvu�óv��y6ï

n y � u�s � � � z�w9z � ���6��z�u�yv��z � w�u�w�� | x�yôu�s�w�x¥w��#z�w¡z | �6��x�y�� lonqp�À ��¹ w��#�?y ��¹ w�� } yv��yv��z¿x?y � w��¶� ��| z | �6�
x?y � w·���6�?u�u | z���u�y6ï (Î�6� ��� y � ���Uy ��� w |~� �
�?�4y ��� w | � � � ��� �6� } y � z � yµu�s � � � z�w9zÐx��¯�?� ��¹ w�� } y���yv�¬z�x?y � w
�=� ��| z | �6�4x�y � w � �6��u � y'x?yµu�y��?���6u � yv��yv�¬z/ï £ ��w���x � y � w;w�u�u | ¸¬y���z����#z�y ��� y � u�s � �6���=yv� � y ��| ����s�x | w9z�y �
w ��� � � | svy � w���� ��| z���w9z | ��� � x�y{¸ | y��?�?y���z¿s } w � y �oÀ �Ây{z � y � u�s � �����¶yv� � y � w9z�z�yv�?x��?y � � } u�« � y ÀÂ� �¯��z |~�~|~� w9z | �6�
x?y � �²w���z | � | ��w9z | �6����z��6��°¶yv��zÁy �~� y � w�� ����| À ��ï
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Temps pour achever les essais successifs pour Maze216C
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x?s � u | z � x�w�� �Á� w � y � z | �6�S�6ï���ï��#�¶w������?y � ���ªw¡³��6��z�y��?�§yv� � yv��° � y�x |~� � u�y{z®x�y ��õ ��°=� � y � x�y
Ω
y{zo���?yt�,�6� � z | �6�µx��¯�6° � yvu�¸�w9z | �6� O : S → Π(Ω)
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Ï w�� ��� y � w�x?u�y | �����6u���w9z | ����y6� S y � z � �6�#¸�yv��zm�?�Ä¸¬y � z�yv�?u
x��¯��° � yvu�¸6w¡z | �6� � y{z Ω

�?��yË��u���³�y � z | �6��x?y p �
u�yv��u�s � yv��z{w9z | ¸¬yox�y � yo�#�?y � �²w } yv�¬zÃ�=y�u�óv� | z9ï ± wÉx | Ç � � � z�sox?y � �¯�6° � yvu�¸�w9z | �6���¥w�u�z | y �~� yo�?u���¸ | yv��zÃx�y � yo���?y
� �²w } yv�¬zË�¶yv�#zqwv¸¬� | uÃx?y � �¶yvu � yv��z | �6� �¼| x?yv�¬z | ���?y � �¶�6�?u � yÁ���v��y �Òõ �Ä°=� � y Ω

x¥w�� � x�yv�#��s{z{w9z � x | ½¶s�u�yv��z �
x?y � �6�'yv�¬¸ | u��6���?yv��yv��z/ï

± y·�?u��6° � �v��y·x?y � wS��u |~� yªx�yªx�s � |~��| �6�ºx�w�� � �?� Ú�®�� Ï Ú ¬:9 w�y � ° | � } ½ �¸� Á ¶~�ô� ÷6÷ � ­ � �6� ��|~� z�y À� �?�?�¶� � yvuÄ�#�?y � �²w } yv��z��?y � w | z��¥w � x�w�� � ���?y � s{z�w9z |~� y � zÄðÉ��w |~� � �6�?�¥wPd~z����Ñ���#x?� � y�x?���?u�� � y ��� � �
��w�u�Ò6��¸ | yv� � �6� � ð�³Òw � y���z ÀÐ� y � �6° � yvu�¸�w9z | �6� � ðË��� |~�®À�| ��z�u��#x?� | u�y � �¯s{z�w¡z®x¥w�� �ô� yv����y ��� �²w } yv��z � u�� | zt�{z�u�y
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¬>= ½FÁ Ä ½@? ���V�L� ½ ­{ï n y¾z�s¾z�w9zµu�yv�?u�s � yv��z�y � �¯s{z�w9z | ��z�y�u��?yªx?y � �²w } yv��z9ï%®ô� � w | zµw � �6u � �Ãyv�´z ¹ sv�6u | y���z�u��6�#¸¬y�u� �²w � z�yvu��¥w9z | ¸¬yq�6�#z | ��w � y�����w�u�� | z����#z�y �
� y �
� sv����yv� � y � x��²w � z | ��� � �=� ����| ° � y � ��yv�Â�#z |~�~|~� w���z�x�y � w �~} �6u | z ¹ ��y �
x�yt�?u�� } u�w�����w9z | �6�µx õ ��w�� | ����y � �?u � y±Ú�®Þ� Ï Ú�ï

ò
�S��u�w9z | ���?y6�Î�¶�6�?u � �6�¬z��6�?u��?yvu��?�S�?u��6° � �v��yÐx��¯y{��� � � ��| �6� � �6��° | ��w9z�� | u�y6�Îx?y � ¹ yv��u |~� z | ����y ��� �¶s{ð
� | Ê�����y � � � �6����y � �²w ��} �6u | z ¹ ��y ö Ä)�Èº ½ �b� ¬ ±�| z�z���w�� ½ �d� Á ¶~��� ÷6÷ ø ­ ��s{¸ | z�yv��zÄx��¯yv� } yv�?x�u�yvu � y �ñ� sv���?y�� � y ��#� | �6��zô�¶yv�hx?y ��¹ w�� � yñx��¯�{z�u�yñ�6��z | ��w � y � ï�Ú � � � u�s � yv����yv��z9��¿ôw�� � yv� ¬ � ÷6÷ ² ­ ��u��6�¶� � yñ���§w �~} �6u | z ¹ ��y
x�� | z�svu�w9z | �6� � �?u � y �o� � |~� x?y � �6����w��?x�y ¬�A � Á Ä ¾ #  � ½ �q�L�ÈÄÈ�'º3­q��� | � �6� � z�u�� | zôx | u�y � z�yv��yv��zÁx�y � w���z��6��w¡z�y �u�yv�?u�s � y���z�w��¬z � w � �6����w��?x�yÂ���#z | ��w � y6ï n y � ¹ yv��u |~� z | ����y � �?u�s � yv�¬z�yv��z � � | � � �6��¸¬sv� | yv��zñx�yÂ��u�s � �?���=� � yvu
� w � �6����w |~��� w�� � yñx��Í� Ï Ú Ý�� � �6� � ð�³�w � yv��z9ï n y{z�z�y ¹ õ �¶�¡z ¹ � � y � ���?�¶� � y��?�?y�����x�s �~|~� w9z | �6�§��u�s�w � w�° � yñx�y
� �¯y���¸ | u����?�?y���yv��zÁx?y � �²w } y���zoy{zÁu�yv��x � y � w�x�u�y � � w ����| ����ytx?ytu�s � � � �#z | �6�'x?y � Ú�®Þ� Ï Ú4��w � w�x�w6�#z�sÉw����
z õ �=y � x�y®��u��6° � �v��y � �#� | ���6� �q| ��z�svu�y ��� yv��z | � |�¢ � yv�����¶�6�?u � y � ���?y �~�q� y � �6� � y��#z�yv��uË���²wÄ��w � x?y®����x?� � y
x�y � �¯yv�¬¸ | u��6���?yv��yv��z/ï

Ó UWVXUWT â$��\_����n�hFe�a�bzi�il\��_h�f�\_e�iÍ^dh�ik��n�c��'^,imãäh�iÍ��\�n�a�bdhF^:^dhmãähme�aÍc���ilh�n�[]\��'^dhmi
Ï w6� �¿� y �q� y � z | �6� �¿� � | ¸�w���z�y � �?���6� � y¾�?w�� | ���6� � x | ½¶s�u�yv��z�y � z�y ��¹ � | ���?y � �#z |~�~|~� s�y � x�w�� �q� �²w��?��u�yv��z |~� ð

� w } y���w�uÉu�yv�����6u � y���yv��z9���¶�6�?uÉw�x�³Ò� | �?x�u�y�w���� ��| z���w¡z | �6� � w6��° |~} �_v � x�y �É| �?���6u���w9z | ��� � � �6� � yvu��¥w���z � y
�¥w ��� stx?y � �²w } yv��z9ï Å �6� � x |~� z | � } �?�6� � ����w9z�u�yôz õ �=y � x�y � � � �#z | ��� �oÀÂ� w � y{¸¬s�ytx�y � w���° |�} �zy8z�s �}¢

® � y � �¶yvu � yv��z | �6� � x�y � �²w } y���zÂ�?y � ����zÄ� � � � � �6� � z | z���svy � x?y � y ��� yv� � y � �¶yvu � y��#z | �6� ��| ����svx | w9z�y � ���w |~� w�� ����| x�� | �?�,�6u���w¡z | �6� � � �6� � yvu���w���z � y �q��| z��¥w9z | �6� � y{zow � z | �6� � ��w ��� svy � ï%Ú»w�uqy{��yv��� � y6� � y � w�w
s¾z�st�8w | zo�¥w�u � � n w �~� ��� ¬ � ÷6÷ � ­ °

® � y � u�� }6� y � � �����=��u�z�yv��yv��z�w � y �t� �6��z �~| svy �É� y � ���?y � w����·w6�#z�u�y � �=�6��u®���6u���yvutx?y �É� s����?yv� � y � ��� |s¾¸ | z�yv�¬z x�y
���6�?x�yvu � wqx?s � |~��| ��� � �?u � y ����| z���w9z | �6� � w��Ä° |~} �_v � ï n �¯y � z � y
�#� | wËs¾z�s
�8w | z �¥w�u�(Î�6� �~| � � �6�
y¾zM?Ã� �~� ¬ ���6�6� ­ ï ± y���s � w6� |~� ��yÂx�� lonqp �=�6��utw�°¶�6u�x?yvu � y � �?u��6° � �v��y � �?�6��ð ��w6u8Ò6��¸ | y�� � �#z |~�~|�� y
w6� ����| �?�'��s � w6� |~� ��ytx�y ��¹ wPd���w } ytx���w � z | �6� � ï

® x�y � s{z{w9z �ô| �¬z�yvu���y � y{��� �~| � | z�y �ô� �6��zÉw¡³����#z�s � w��#�§�¶yvu � yv��z | �6� � ï^Û �~� x�y{¸ | yv���?yv��ztx?yÄ�?�6��¸¬y�w��#�ªw9z�ðz�u | °?��z � � � �6����y � �¯y � z � y � w � x¥w�� �¿� y � z�u�wv¸6w�����x?y ± w6�~@ | ¬ � ÷6÷ ² w ­ °
® � �¯yv��¸ | u��6�?�?y���yv�¬zo��w�uÒz | y �~� yv��yv��zo��° � yvu�¸6w6° � yty � zox?s � �6�?�¶s ÀÂ� �²w | x?yÉx?yt����x�� � y � yv�µ� � � ��| yv�?u � yv��ð¸ | u��6���?yv��yv��z � z��¡z�w � yv��yv�¬z¿�6° � y�u�¸6w�° � y � ï n y{z�z�y � � � ��z | �6�µwÂs{z�s®��z |~�~|~� svy®�¥w�u�¼ | y�u | � } y{z p ��¹ � | x�ð
¹ �?°¶yvu ¬ � ÷6÷ ­ ­ �?��� |~� �¥w�u p ���µy{zdÚÎy{z�yvu � �6� ¬ ���6�6� ­ ï

Ï w�� ��� w � � | z�y6� �?�6� � ���6��z�u��6� � � �6����yv�¬z � y � x?y��#�;��u�yv� | ��u�y ��� � � �#z | ��� � w��?�¥w�u�z | yv�?�?y���z À'� wh���v��y
�8w�� |~�~� yqy{zm�?�6� � ��y{z�z��6� �»� yv�?u �
�~| � | z�y � y��Âs{¸ | x�yv� � y�ï Å �6� � ���6��z�u��6� � yv� � � | z�y � �6����yv��z � �²w¡³Ò�6�#zmx��¯s{z{w9z �
| �¬z�yvu���y � �=yvu���y{zox�ytu�s � �6��x?u�y � y � �?u��6° � �v��y � x��²w���° |~} �zy�z�s6�?�?� |~� x�w�� � �#�?y �~� yt��y � �?u�yÉ�?�µ�¥w�u�z | z | �6�?��y{ð
��yv��zÁx?�µ��u��6° � ����yt�¶yvu���y{zox��²w6��s �~| �6u�yvuqy�� � �6u�y � y{z�z�y � � � �#z | �6��ï

Ó UWVXUx� �CcXe7ilhmn�[�h�n�`�e hËãä�Fãäc�bzn�h�hZ^7��^vbzj)bWa�hËf'` ��\�i�il�
È �Ä��� õ y��Äx?y � y{¸�yvu � y � w���° |~} �zy8z�s ��� �?u � y �»��| z���w¡z | �6� � y � z
x�� õ w�x�³Ò� | �?x?u�yÃ�?�?y | �?����u���w9z | �6�Äy{��� �~| � | z�y

� ��u � y � x�yvu�� | ��u�y � w � z | �6� � y{z ��| z��¥w9z | �6� � �¶yvu�óv��y � ï=ò��§y¾½¶y¾z/� ��| ���?y ��| z���w9z | ���§�?y��=y�u���y{z®��w �ô� yv� � yñx�y
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x |~� z | � } �?y�uô�?�·s{z�w¡ztx��¯�?�Uw��#z�u�y6� � � | w�x6³�� | ��x?u�yÂx?y �®| �?���6u���w9z | �6� � � �6� � yvu��¥w���z � yÂ��w ��� sÄ�¶yv�#z � �?Ç�u�y À
u�yv��x?u�y � y{z�z�yÉx |~� z | � � z | �6�'�=� ����| ° � y�ï
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Ï w�� �¿� �¯yv��¸ | u��6�?��yv��yv�¬zo�?u�s � yv�¬z�s®x¥w�� �q� wÄÊ } �?u�y � ï²Ì�� ��|Æ� �²w } yv��zo�=y�u�óv� | z � y � ¹ � | z � w � y � w�x6³Òw � y���z�y � �
y{zqyv� � �6� ��| x�svu�w��¬zË�#�?y � �6���6u | yv��z�w¡z | �6��y � zËÊ���y��#w � �6u �Ã|~� �¶yvu�óv� | z � w����v��y ��| z��¥w9z | �6��x¥w�� �Ã� �¯s¾z�w9z p �ôy{z
x�w�� � � �²s{z�w9z p �#ï�Ú��6�?uÒz�w���z9� ��|¬� w¿x?yvu�� | �vu�y¼w � z | �6��s{z�w | z��?��x?sv� � w � yv��y���z ¸¬yvu �Î� �¯y � z9�9w � �6u � x�w�� � � y¼�?u�yv� | yvu
� w �
� wô�¶yvu � yv�#z | ��� � �6u�u�y � �¶�6�?x¥w | zmw�� � � | � } w�� ��¹ yqw � ��u � ���?y���x�w�� �»� y � y � �6��x�� � w ��| z��¥w9z | �6���=y�u�óv�?yqs{z�w | z
� y �~� yÉx��¯�?��y®x�y � � w � y � w�� � yv��z�u�y6ï n y{z�z�y | �?���6u���w9z | �6�µy{��� �~| � | z�y � �6� � yvu���w��¬z � yt��w ��� st�=yvu���y{z ÀÂ� �²w } y���z
x?ytx |~� z | � } �?yvu ��| z��¥w9z | �6� � w���° |~} �Zv � ï

� � n w �~� ���ewM��u��6�¶� � s � �²w �~} �6u | z ¹ ��yON×ý�o�� ½b½ ¬ � � n w �~� �?�'�ô� ÷6÷ � ­ �¶yvu���y{z�z�w��¬z�x?y � �6� � z�u�� | u�yª�?�
w�u�°�u�yÐx�yÐx?s � |~��| �6� | ��z�s } u�w���z�x?y � � | �?���6u���w9z | �6� � ��u � y � w � z | �6� � y{z ��| z��¥w9z | �6� � ��w ��� svy � x?yÐ��w�� | �vu�y À
x |~� z | � } �?y�u � y �Á��| z��¥w9z | �6� � w���° |~} �Zv � ï¶ò��hy¾½Æy{z/�=x?� �Á� �6u � ���?y � w��¶� �~| z | �#�?y�x?y � �²w } yv��z®y � z � z{w�° � y6�¶w � �6u �
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� y � w � �!§ � �²w } yv��zÐx?� | z } s�u�yvu��?� � �6����u��6� |~� yv��z�u�y � �¯y¾��� � �6u�w9z | �6�´y¾z � �¯y¾��� � � | z{w9z | �6��ïmò
�´y¾½Æy{z/� ��|¿� w
�=� �~| z | ����y�x?y � �²w } yv�¬zÄy � z � z�w�° � y��Îw � �6u ��� y�u�y � �6��u �ÄÀ � y�z õ �¶y�x?yÐ��s���� | u�yÐ�=yvu���y{zÄx�y�x |~� z | � } ��yvu � y �
��| z���w¡z | �6� ��� y � ���?y � x?y � w��#z�u�y � y{zmx�y ��¹ � |~��| u � �²w � z | �6��w�x�sv����w¡z�y6ï Ï w�� ��� y � y¾���=svu | yv� � y � ���?yq�?��� � wv¸¬�6� �
��y��?svy � � �?��� � wv¸¬�6� � � �6� � z�w9z�s�����y6��z�w���zÂ���?y � wh�=� �~| z | ���?yÐ���¯y � zÄ�¥w �ñ� z�w6° � y6� � y���� | y � z � y � w � z��6�#z
� y � ��� } x?y � �²w����?u�y���z |~��� w } y6� � �²w } yv�¬zÄ�¶yv�#zÂw�¸¬� | u�°=y � � | �Sx?y�u�y � �6�?u | u À �?�?y���sv��� | u�yÐw�u�° | z�u�w | u�yv��yv��z
� �6� } �?y6ï Ï w�� � � y{z
y{�?yv��� � y6� ��|#� yÃ��u�� � y ��� � � x��¯y¾��� � �6u�w9z | �6�Â���v��y � �²w } yv��z À u�s��=s{z�yvu�x?y � w � z | �6� � �?�6u�xÄ�6�
� �?x�� � �²w���yv��w��¬z ÀÄ� y � � } �?yvu � w6� � � y ��� y®x�w6� � �������?u���w � ��u �Ë� yt�?�6��°�u�y®x?y®��w � x?yÁz�yv��� �¿À w�x6³�� | ��x?u�y
ÀÂ� w ��| z���w9z | �6�hw���° |~} �Zvt�¶yv�#zo�¾z�u�yñw�u�° | z�u�w | u�yv��yv��z � �6� } ï

F1 F2

,.-0/.1�Ñ;4 t�6%7JK+Ñ���I���K+K�:�<�:�K3�9K���Ksó|<fC�IML���Ñ���:�K�A;:nK+��Ñ�:jC�H�C�I�a��0�0I�C���Ij:�4



"+�,=���· �ñùp
´�9þ������¼ü¶ÿ���.'�cõ�¶����g������/È¶Ðû¡ÿ103�! 9ý����*� �/��Ì

È �4w��#z�u�y�y{��yv��� � y |~�~� � � z�u�y � y ���~| � | z�w¡z | �6� � x?y � yÐz õ �¶y�x�y�z�y ��¹ � | ���?y � ���6�?x�s � �?uÂ�?�?y���sv��� | u�y
x�y�z��6�#z�y �Â� y � y{���¶svu | yv� � y � �¥w ��� svy �Ä� � �v� y ����| ¸�y � �=³�� � ����� À �?��y � yvu�z�w | ��y�x?�?u�svy6ï n �6� ��| x�svu��6� � yv�Ñy¾½¶y¾z
� �¯y���¸ | u����?�?y���yv��z |~�~� � � z�u�sª��w�u � w;Ê } �?u�y � ï Í ïlÛ � | �¼�?��y � yv� � y � �6�?u � y§x?y§���6�?u�u | z��?u�y ¬ úÃ�§�6�ðú»�L­�y � z
��u�s � yv��z�y ÀÉ� wÉ��� |~� ï Ï � � ����y � �²w } yv��zËu�yv� � �6��z�u�yºúÃ�6� � y �~� y{ð � | x |�� �¥w�u�wPd~zÃy{z%ú
�tw6�?��w6u�wPd~z ¬ y¾z | ��¸¬yvu � yv��yv��zZ­
y¾z � yÁ°?��zÃx�y � �²w } yv��z ��¹ w�� } y6ï Ï w�� � � y � w � � � wñ��sv��� | u�yÁu�yv�#� |~� yÁy � z¼z�u�� �Ã�~| � | z�svy6ï#ò��Ð��u | � � | �¶y6� � �6u � ����y
� �²w } yv��z � y¼z�u��6��¸¬yËx�w�� � �?�?y � w � yqw���° |~} �Zv�� |~��� � |�� ��Ç�z
x�y � yËu�w����=y � yvu ��|#� wôx�yvu�� | �vu�yË��� |~� �#��� |~� wôw¡z�z�y | �¬z
���?yÐx�y � y{��z�u�sv� | z�s � x?� � �6� � � | uv� |~�Ã� �²w }6|~��� w | z�x?y � �¯y¾��z�u�s�� | z�s�x?y } w�� ��¹ yÐ���S�?�6��ï.Û � | � � �¯s{z{w9z | �¬z�yvu���y
��u��6��u�y À x |~� z | � } ��yvu � y � �=yvu � yv�#z | ��� � w���° |~} �Zv � �¶yv�#zo��yt�?u�yv�?x�u�yt���?yÉx?yv���Ð¸6w � yv��u � ï

®ôuv��y��;�#z |~��|~� w6��z��?��y���sv��� | u�y�x�y � �¥w � x?yÂz�yv��� � �?u�s � svx?y���z � � ��|�� w � �6� } ��yv�?uÉx�y � �6� � � | uÉy � z n �x¥w�� �®� yÄ��y |~�~� yv��uôx?y � � w � � � �²w } yv��zÉx�y{¸�u�wÐ�,w | u�yÄu�sv��svu�y�� � y ÀÐ� w ��| z��¥w9z | �6� À n − 2
�¥w � x?yñz�y���� � x¥w�� �

� y®�¥w ��� s�ï p�|
n
y � z } u�w��?x���w � �6u �Ë� w ��¹ wPd��?y®x?y��ªw�u8Ò6��¸��?s � y ��� w | u�y À�� wÄu�s � � � �#z | �6��x�y � y®��u��6° � ����y � yvu�w

y �~� yñw�� ����| z�u�� �o} u�w���x?y6�¥w � �6u � ������yÉ�����¯�?� � yv� � s{z�w9z | ��z�yvu���yÉ�?u�yv�¥w���zÁx?yv���Ð¸�w � yv��u �¿� ��Ç�z À u�s � �6�?x�u�y
� yÉ�?u��6° � �v��y6�?����y � ����y � � | z

n
ï

Ó UWVXUd� �ýn���h�n¤f7hmikil�{� `7hme�j�h�ikf�h�j)^d\�i�ilhm`�n�i�c�`gf���\_j�a�bzc�e�i
l ¸¬y � n B nqp ¬ (��6� �~| � � ���;y{z½?Ã� �~� �Î�6�6�6� ­ �_(Î�6� �~| � � �6�M�?u��6�¶� � y�x���w¡³��6�#z�yvu À B n¿p ���;��s � w�� |~� ��y

�¶�6�?u �~| yvu � y � � � w ��� yv�?u �Ä� y � �?� � w����Sw��#z�u�y � ï n ¹ w��#�?y � � w ��� yv�?u�y � z ��| s À �?� � � w ��� yv��u���� |¼� yÐ��u�s � ��x?y
y¾z À �?�Uw��#z�u�yÂ��� |»� y � � | z9ï n y �t�~| yv� � ���6u���yv��zÉx�y �®} u��6�?�¶y � x?y � � w ��� y��?u � �Æx?y � � �6u��¶�6u�w9z | �6� � ��� |�� �6�¬z
z�u�w | z�s � � �6����yµx�y � � � w ��� yv�?u � �6u�x | ��w | u�y � ï ± y ���~| y�� ��� �6��zÐu�yv�����6u � s � yv�4����� � z | ���4x�y � wUu�s � �����¶yv� � y
y���¸ | u����?�?yv��yv��z{w � yÂy{zÉ�¶yvu���y¾z�z�yv��zÉx��²w � z | ¸¬y�u®x?y � � � w ��� yv�?u � yv� � s����?yv� � y6ï p#| �Æ�¶yv�?x¥w���zÉ�?�?y � sv����yv� � y6�
���?y ��| z��¥w9z | �6��w���° |~} �Zv � �?u�¸ | y���z/� � w � sv����yv� � y � �6��z | ���?yvu�wqx��¯�¾z�u�y�y¾��s � ��z�svy�y�� |~} ���6u�w���z � y{z�z�y ��| z��¥w9z | �6��ï

S1 Sa S2

C1 − A1,A2 − E1+E2

C1 − A1 − E1 C2 − A2 − E2

Situation ambigue
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lonqp �#z |~�~|~� yq�?����s � w�� |~� ��y ��| � |~� w | u�yq�¶�6�?u
���6u���yvu
x?y � ��¹ wPd��?y � x��²w � z | �6� � ï È �?y ��| z���w9z | �6��w��Ä° |~} �_v
y � z | x?yv��z | Ê�svy � ��u � ���?y¼z��6� �
� y � ��s � w�� |~� ��y � x?y � �¶s � | w �~|~� w9z | �6�Âx�� lonqp �6��z�s ��¹ �6�?s À u�yv�?x�u�yË�?� � � w ��� yv��u
Ê=w�° � y�ï Ï w�� � � y � w � � � w'��w�uÒz | yÐ���9 �¢�£/¤=£6�¡ Ux��¯���Uz�y � � � w ��� yv��uñy � z � �6� ��| x?svu�svy � �6����yÐw6��° |~} �_v�y{z � y
� � w ��� y��?u�x?� | z��{z�u�y �~| s À �?� � � w ��� yv��u���� |¿� y'��u�s � s�x?yvu�w | z9��x?yh��w�� | �vu�y À ��w ��� yvu��6�#z�u�y � w ��| z��¥w9z | �6�
w6��° |~} �_v6ï È �'z�y � � w � y � z |~�~� � � z�u�s��¥w�u � w�Ê } �?u�y � ï ø ï ± y �ô��| z���w9z | �6� � S1

y{z
S2

��y � �6��z®�¥w � w��Ä° |~} �_v �
��w |~�m� w ��| z���w9z | �6�

Sa
� �¯y � z/ï ± y � � w ��� yv��um���QPS¦��RPÑ©��¿y � zmÊ¥w�° � y6����w |~�¼À � w6� � y¿x?y � �²w��Ä° |~} �zy�z�s6�¬� û P

¦ û PS© û �?y � �¯y � z®�¥w � ï Ï � � �#���¯��� � � ��� � � x�w6� �Á� �¯s{¸�w � ��w9z | �6�§x?� � � w ��� yv�?uÁ��u��6° � s���w9z | �#�?y�y � zô��u�s � s�x?s
x�y � �²w � z | ¸6w9z | �6�µx?� � � w ��� yv��uÃÊ¥w�° � y6�������?�6�#¸�y�w�� � � w ��� yv�?uqy � z � u�svs6�?��� |Æ�Òõ ��z ¹ s{z |~� y � y � x?y��#� � � w ��� yv�?u � ï
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Ï w�� � � y � � w ��� yv��uo���QPS¦��+S�¦ û PS©��UT¬© û � � w���w�uÒz | y®¦¥¨9¤=£6�9 �y � zÁ�?�?y � sv���?y�� � y � �6���¶� � svytx�y � w � z | �6� �
¦��®y{zq¦ û �#y{z � w��¥w�u�z | yô©#«�«�­6¤�y � z¿�?��y �Òõ ��z ¹ � � yôx�y � y¾½¶y{z �q� � �v� y ����| � � ©��®y{zË© û ��°#z�yv�#�?yôyv�µw���� �~| ���¥w���z
� wÂ�,�6� � z | �6���%�;�b�Z�)�+�q�' !¡'� Ý�´ À ò¿�ty{zôò¼�#ï

n y¾z�z�y � � � �#z | ���'w���z��6u |~� y � y ��¹ wPd���w } ytx��¯�?�µ���6��°�u�yt�#�?y � � ���?����ytx��²w � z | �6� � ��x?yt��w�� | ��u�y À �?u�yv��x?u�y
yv� � �6���#z�yªx�y � yv�¬¸ | u��6���?yv��yv��z � wv¸¬y � °¶y�w�� � �6�?� x?y ��| z���w¡z | �6� � w���° |~} �Zv � ïzÚ��6�?uÒz�w���z9� � y ��¹ wPd��¥w } y
x��²w � z | �6� � | ���=� � y�x�y � u�svy�u�x?y � ��¹ wPd��?y � x��²w � z | �6� � w�� ����|¬� �6� } ��y � ���?y � y��?�6�Ä°?u�y�x�y ��| z���w9z | ��� � w���° |~} �Zv �
� � �v� y ����| ¸¬y � ï ± y��?u���° � �v��y � �?° � sv���?y���zñy � z | x?yv�¬z | ����y À � y � � | x?y � w � � � ��z | �6� � �6� ��|~� z�w���z À � �6� � y�u�¸¬yvu
�?��y���sv��� | u�y�y¾��� �~| � | z�yµx?�4��w ��� s6ï ± y ��� � � �#z | ��� � ��u�s � yv��z�svy � � � � ��� � | �4�¶yvu���y{z�z�y���z�x�y�u�s � �6��x?u�y � y
�?u��6° � �v��yt��w�u � � | ��z�u���x?� � z | �6�'x��¯s{z{w9z �¿| ��z�yvu��?y � w6� �~| y��µx��¯�?�?yt��sv��� | u�yty{�?� �~| � | z�y6ï
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È �?y�w���z�u�y�w6�?�?u�� ��¹ yÐ�¶�6�?u�x |~� z | � } ��yvu � y �Ä��| z��¥w9z | �6� � w���° |~} �Zv � � ��� ��|~� z�y À x�s � �6��¸�u | u � �6����yv��z
�#z |~�~|~� y�uty¾z � �6����yv��zñ�¶� ��| z | �6���?yvu � �6u�u�y � z�yv��yv�¬zñx?y � s{z�w9z �É| ��z�y�u��?y � ��� |�� y�u��6��z��#z |~�~|~� s � ��y��U� � � � x?y �
�=y�u � yv��z | �6� � � �6�?u�w���z�y � �¥�=�6��uqx�s � | x�yvu¿x?y � �²w � z | �6��ï Ï w�� �o� y � w6x?u�yÉx�y ��õ?� z��v��y � x�y � � w ��� yv�?u � � � �¯y � z � y
��� | wÂs{z�sÉ�,w | zÁ��w�u ± w��)@ | wv¸¬y � B nqp � ¬ ± w��~@ | ��� ÷6÷ ² w ­ ï

± �¯�#z |~�~|~� w9z | �6��x�y � � w ��� yv�?u � wv¸¬y � � y�� � yv��yv��zq�?�?y � �6�?x | z | �6��y{zË���?yôw � z | �6���?yÁ�¶yvu���y{zË��w � x��²w }6| uÃx?y
��w�� | �vu�yÃ�6��z | ��w � yÃx¥w�� � ����yv��¸ | u��6���?yv��yv��z
��w�u�z | y �~� yv��yv��z
�6° � yvuÒ¸6w�° � y�ï�Û � y � z
�?s � y ��� w | u�y¼x��²w¡³��6�#z�yvu»w��#�
� � w ��� yv�?u � x�y �Ã| �?���6u���w9z | ��� �Ã� ��u � yÁ�¥w ��� s6ï�ÚÎ�6��u � yÁ�8w | u�y6�sB nqp � } �vu�yÁ���Ðu�y }6|~� z�u�yÁx?yÁ��sv��� | u�y | ��z�y�u��?y
� �6���=� � sqx��²�?� � yvu�z{w | ���?�6�Ä°?u�yqx?yq° | z � x�yq��sv��� | u�yq��� | �6yv� � yv��° � y6�6u�yv��u�s � yv��z�yv��zmy{��� �~| � | z�yv��yv��z � �¯s{z{w9z
| ��z�y�u��?ytx�y � �²w } yv��z/ï ± w�z�w |~�~� ytx�y � yÉu�y }6|~� z�u�yty � z¿Ê?��svy��f�^��ÄÈ�!��Ä,ï

Ï yË��w�� | �vu�y À �#z |~�~|~� yvu � y{z�z�yÃ��sv��� | u�yË�¶�6�?u � y{¸¬yvu � y � w���° |~} �zy�z�s �»� ��u � y �
��| z���w9z | �6� � ���?��y � �6�?x | z | �6�
| ��z�y�u��?ymy � z�w¡³����#z�svy Àq� w � �6��x | z | �6�Éy{�#z�yvu���y � ��� � yvu���w���z � y � ��| z���w¡z | �6� � ï�ÚÎ���?u��#�?y � ��w � z | �6�ñx��¯�?� � � w ��� yv�?u
� � | z � s � y � z | �6�?��svy6� � w � ���?x | z | �6� | ��z�yvu��?ymx?� | zÎ�¾z�u�ymw�����w�u | s�ymwv¸¬y � � y�u�y }�|~� z�u�y�x?ym��sv��� | u�y�y{z � w � �6�?x | z | �6�
y{��z�yvu��?y�x?� | z��¾z�u�yÐw��?�¥w�u | svyÐwv¸¬y � � w ��| z���w9z | �6��ï ± ��w � z | �6�S�?u�s � �6� |~� svy���w�u � y � � w ��� yv��uÉ��y � yvu�w ��¹ � |~��| y
����y ��| � y � x�yv�#� � �6�?x | z | �6� �¿� �6�¬zou�yv��� �~| y �¿��| �Ä� � z�w6�?sv��yv��z/ï

Ï y���w�� | �vu�y À ����x | Ê�yvu � y{z�s{z�w¡z | �¬z�yvu���y6���6�;w6x�³�� | �¬zÄw��#� � � w ��� yv�?u � �?��y�w � z | �6� | ��z�yvu��?y���� | y � z
y{��s � �#z�s�yty��µ���v��y®z�yv��� � �#�?y � �²w � z | �6�hy{��z�y�u��?y6ï n y{z�z�yÉw � z | �6�hw��¶�6�?u¿y¾½¶y{zÁx?y ��¹ w�� } yvu � wÄ¸6w � yv�?u¿x?�
u�y }6|�� z�u�ytx�yt��sv��� | u�yñw¡Ê��'x?yÉ����x | Ê�yvu � �6�'s{z�w9z | ��z�y�u��?y6ï

Ï w�� � B nqp �M� � �¯�#z |~�~|~� w¡z | �6� y{z � w�����x | Ê � w9z | ���ºx�y � y·u�y }6|~� z�u�yUx?yU��sv��� | u�y·y � zhx�s{¸¬� � �?y À �?�
w �~} �6u | z ¹ ��y } sv��s{z | �#�?y6� � �6����y � �¯y � z � �6�#¸�yv��z � y � w � x�w�� �Ä� y � w�x?u�y�x�y �Â�Òõ�� z��v��y � x?y � � w ��� yv�?u � ï ± y
�?u��6° � �v��yµx?y � y�z õ �=yµx��²w��?��u�� ��¹ yµy � z����?y�� � �6��¸¬yv��z9� � �¯s{z�w9z | ��z�yvu��?yµy � z�z�u�� ��| � � z�w�° � y6ï�ò��4y¾½¶y{z9� � w
� yv� � y � �6�¬z�u�w | ��z�y � ��u � wÐx õ ��w�� | ���?yÄx?y � �¯s{z�w9z | ��z�y�u��?yÄy � z®�#��� |~��� � | z®° | yv�ª�=� ��| z | �6�?��sÄw��ª���6��yv��zt�!§
� �?u�¸ | yv��z��?��y ��| z���w9z | ���´w���° |~} �Zv6ï ± yµu�y � z�y�x��Ñz�yv��� � � � w§¸�w � yv�?u | ���=�6uÒz�yµ�=yv�4y{z |�� wªz�yv�?x¥w�� � y À
°=y/w�� � �6���h� � � |~�~� yvuvï p�| � y � w��?yñ��� | zÁ�¥w �ÁÀ�� �¯yvÇ � w � | z�s6� � y � w�u�yv��x'�¥w�u � �6��z�u�y � yÉu�s � � � z�w9zôx��h�?u�� � y ��� � �
x��²w����?u�y���z |~��� w } y®��� | � �Ã| �¬z�y �~�~|~}6| ° � y6� � yô�#� | y � z¿�?�?yô�#��w �~| z�stw9z�z�yv�?x?��yôx��¯��� �Òõ�� z��v��y À °¥w � yôx?yôu�� }6� y � ï

ß�µ ëZáZíuãÐé|ìqö~ä~íuáZæfÿ�� � � �
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È ����� õ yv��x?y � �6��z�u�w | �?x�u�y � w � z{w�° |~�~| z�s¿x�y � �¯s{z{w9z | ��z�y�u��?y6���¶�6�?u
� | yv�#��y�� � �����?u�yv�?x�u�y � y¿���6� � z | �6��ð
��yv��y���zÆ���%�;�Z� ½ ��ÄÈ�!��Ä���y � z � �¯�#z |~�~|~� w9z | �6�'x?y �Òõ�� z��v��y � ����x�� � w | u�y � � �6� ��|~� z�w��¬z À x?s � �6�?�¶yvuq�?�'�?u���° � �v��y���6�#ð	��w�u8Ò���¸ | yv�'yv�'� � � ��| y��?u � ��u��6° � �v��y � ��w�u8Ò6��¸ | yv� � ï n y{z�z�yñw��?��u�� ��¹ yñw�s{z�sÉ�#z |~�~|~� svyÉ�¥w�u'¼ | yvu | � } y¾z
p ��¹ � | x ¹ ��°=yvu ¬ � ÷�÷ ­ ­ �?� |~� �¥w�u p �?�µy{zdÚÎy¾z�yvu � �6� ¬ ���6�6� ­ ï
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Z1
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Z4
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Ï w6� ��� �¯y{��y���� � yµx?yø�ªw�@vy6���?�»��w�uÂy¾��yv��� � y6�»�6�4�=yv��z�x?s¾Ê¥� | uÂ���¥w9z�u�y±@��6�?y � x?y � �¯yv��¸ | u��6�?��yv��yv�¬z
z�y �~� y � ����� ÀÐ� � | ��z�svu | yv��uôx?y ��¹ w � ���?yÄx��¯y �~� y � � |~� ��� õ w | zt��w � x��²w���° |~} �zy8z�sÄ��� |�| ��z�yvu�x |~� yÄx?y�z�u��6��¸¬yvuô���?y
�¶� �~| z | �#�?yÉ�6�#z | ��w � y � w�� � u�y � �6��u | u À �?��yt��sv��� | u�y6ï n y � @��6�?y �¿� �6�¬z |~�~� � � z�u�svy � ��w6u � wÂÊ } �?u�y � ï � ï

¼ | yvu | � } y{z p ��¹ � | x ¹ ��°=y�u ¬ � ÷6÷ ­ ­ w | � ��| ����y p �?�ñy{zJÚ�y{z�yvu � ��� ¬ ���6�6� ­ ��u��6�¶� � yv��z ��¹ w � �?�ñ��� �Òõ�� z��v��y
����x?� � w | u�y§z�y � �#�?y ��¹ w6���?yª����x?� � yhz�u��6�#¸¬yª���?yª�¶� �~| z | ����yª�6��z | ��w � y ÀS� � | �¬z�svu | yv��u�x��¯�?��yÍ@��6�?y6ï ± y
���6��°�u�y | � | z | w � x?y�����x?� � y � ¬ y¾z�x?�6� � x?yÊ@v�6��y � �¶¸�� | utÊ } �?u�y � ï � ­®y � zñÊ��?s�w��;x?sv°��#z�x?y � �¯y¾���=s�u | yv� � y
�¥w�u � �¯y{���¶svu | ��yv��z�w¡z�yv�?u�ï3Ú��6��u¼x?s¾Ê¥� | u¼�?��yo�¶� �~| z | �#�?yÁ�6��z | ��w � y Àñ� � | ��z�s�u | yv�?uÃx��¯���?yº@v�6�?y�� ��¹ w�����yôw } yv��z
��z |~�~|~� y � �²w �~} �6u | z ¹ ��y Y�ý Á�½ �'��º*Ä�º3¡6ï Ï w�� ��� y � z�u�wv¸6w��#� x�yk¼ | yvu | � } y{z p ��¹ � | x ¹ �?°¶yvu ¬ � ÷�÷ ­ ­ � � �6����y
x¥w�� � � yv�#�ºx�y p �?�\y{z Ú�y{z�yvu � �6� ¬ ���6�6� ­ �q�?� � yv� � ���#x?� � yUy � z§w � z | � À ��¹ w��#�?yU��w � x?yªz�yv��� � ï ± w
�¶� �~| z | �#�?y � � | ¸ | y���w�u � y �Òõ�� z��v��y�y � z � y �~� y | �?x | ���?svy��¥w�u � �²w } y���z�w � z | �	ï ± y���u��6° � �v��y � y���z�u�w � �=�6��u � y
�Òõ�� z�����yÁ���#x?� � w | u�y � �6� ��|~� z�yôw � ��u �ËÀ w��?��u�yv��x?u�y � �6����yv��z ��¹ w�� } yvu � yÁ����x�� � yÁx?yÁ��w�� | �vu�y À wv¸¬� | u¼���
� �6���¶�6u�z�yv��yv��z¿�6��z | ��w � ï n ¹ w � �?��x?y � x�yv�#� �Òõ�� z��v��y � yv½¶y � z���y ��| ��� � z{w��?sv��yv��z¿���µw��?��u�yv��z |���� w } y®x�y �
�¶� �~| z | �#�?y � ��w�u�z | y �~� y � ��y{zË����w��?�?u�yv��z |~��� w } yÁx�y � wñ��y |~�~� y��?u�yÁ�,w6óv�6�Ðx�yo�¥w ��� y�umx��¯�?�Ð����x?� � y À ����w��#z�u�y6ï

Ï w6� �ZY Y�ý Á�½ �'��º*Ä�º3¡ ¬ ¼ | y�u | � } y{z p ��¹ � | x ¹ ��°=yvu���� ÷6÷ ­ ­ � � y � ����x�� � y �o� �6�¬zô�6u�x?���?�?s � y{z®w � z | ¸�s � yv�� sv�#�?yv� � y � y � �6�ì���ì�6u�x?u�y'�?u�svs{z�w�° �~| ï n ¹ w � �?�ìx��¯yv���Æ�myv�ì� � � � x?y � wªz{w�° � yhx?yh����w �~| z�s � � �6� � y�u���w��¬z
� �¯���#z | ��w �~| z�s�x?y � w � z | �6� � � } ��u�y��?��y � y � �6�?x�y�z�w�° � y�x?y����¥w �~| z�s � ï n y{z�z�y�x?yvu�� | �vu�y��=yvu���y{z�x?y�x�s � | x?y�u
�#��w���x � yo����x�� � y � �6�?u�w���zÃx?� | zÃx?y¾¸¬yv� | u | ��w � z | �Æw6����u���Ê?z¼x?�����#x?� � y � � | ¸6w��¬z/ï ± �²w����?u�y���z |~��� w } yox?y � y �
���6�#¸¬y �~� y � ����w �~| z�s �Á� y��,w | z®yv�§���6� � z | �6�§x�y � w�u�s � �6���¶yv� � yÄw9z�z�u | °��?svyÄw�� �Òõ�� z�����y }�� �6°�w � ï^Ú�� |~� �#�?y � y �
����x?� � y �ñ� ����zÄw � z | ¸¬s �ñ� sv����yv��z | y �~� yv��yv�¬z�y{z � y � �6�;���;�6u�x�u�y��?u�s�s{z�w�° �~| � � yÂz õ �=y�x?y �Òõ�� z��v��y���y��=yv��z
u�s � �6�?x�u�yt����ytx?y � ��u��6° � ����y � x¥w�� �¿� y � ����y �~�¿� �¯s{z�w¡zox?yÉx?sv�¥w�u�zoy � z¿z��6��³Ò�6�?u �¿� yÉ���v��y6ï

± y���s � w�� |~� ��y��#z |~�~|~� sÐ��w�u p ���My{zkÚÎy{z�yvu � �6� ¬ ���6�6� ­ y � zÄ� � � �ñ} sv�?svu�w � �?� |~� �#��� |~� �?y � �?���=� � y��¥w �
� wÐx?s¾Ê¥� | z | �6� �±�^��ÄÈ�!��Ä�x��¯���§�6u�x?u�y�yv��z�u�y � y � ���#x?� � y � ï � ��¹ w��#�?y��¥w � x?yÉz�yv��� � � ��¹ w����?y�����x?� � y��,w | z
���?y�yv� ��¹ �vu�y�ï n y � � | ��� | �8w | z � �¯yv� ��¹ �vu�y � w§� � � � ¹ w���z�y��?u�yv��x � w§��w | ��ï ± y � yv� ��¹ �vu�y � ��u��6�¶� � svy � ��w6u
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��¹ w6���?y�����x?� � y � �6��z�x��6�?��svy � �¥w�uÂ�?�?y����6� � z | �6�4x?y � wªu�s � �����¶yv� � y }6� ��°�w � yµx?� ��õ?� z��v��y�ï p�| �»x�w�� �
� y{z�z�y'w�u ��¹ | z�y � z��?u�y6� � y � ����x�� � y � �?y � �6��zÐ��w � �6u�x?���?�?s � � � y��?u��?����°?u�yµu�y � z�y � �=s � | Ê�s À·� ��wv¸6w�� � yµy{z
� �?�?�¶� � yt�?��y � �6�?�¥w |~��� w�� � yÉx?�'�?u��6° � �v��yÉx?y � w���w�uÒzox?� � �6� � yv�#z�y��?uvï

Ï w�� � ��¹ w � �?��x?y � y ���Òõ�� z��v��y � �»��� � yv� � ����x?� � y�y � z�w � z | � Àª� w§�,� |~� ï p y � �6� � y�����x?� � y�w � z | �	� � y
�Òõ�� z��v��y���y ��¹ � |~��| u�w'��w ��� y����v��y � �6���=�6uÒz�yv��yv��z/ï ± �²w � z | ¸ | z�s�x�y � x | ½¶svu�yv��z � ���#x?� � y � y � zÄx��6� � �?�
s{z�w9z | ��z�yvu��?y�x�� �Òõ�� z��v��y6� x�w�� � ��� � yv� � z�u�� � ��u�� ��¹ y�x?y � y � � | x�s{¸¬y � �6���=s��¥w�u ± w��~@ | ïÎò��M�6�#z�u�y6� � y �
��s � w�� |~� ��y � x��²w�u�° | z�u�w } y�y{zÄx?y��¥w ��� w } y�x?y�u�y � w |~� y���z�u�y � y � ����x?� � y �É� �6�¬zÉz�y �~� ���?y �{¹ w�����y����#x?� � y
u�y � z�y�w � z | �¼�?� � yvu�z{w | �·���6��°?u�yÂx?y���w � x�y�z�yv��� � � �6� � s � �#z | � � ï n yÄz õ �=y�x?yÂx�s � �6����w } y��=yvu���y{zÉx��6� �
x?y } svu�y�umx?y � s{z�w9z �¼| �¬z�yvu���y � yv��w ��� ��u�w���z � yv��u � z�w�° |~�~| z�s6��x?yÁ��w�� | �vu�y À � yÁ���?y � y � s{z{w9z �¼| ��z�yvu��?y �m� � | y���z
� � � �¿| ��z�y �~�~|~}�| ° � y � ï

Ï �6� � � � yôz õ �¶ytx?yt��s{z ¹ �#x?y6�?��� | � �6� ��|~� z�y À x�s � �6���=yvuq�?�µ��u��6° � �v��yt�?���#ð ��w�u8Ò6��¸ | yv�µyv�µ� � � ��| yv��u �
� �6� � ð ��u��6° � �v��y � ��w�u8Ò6��¸ | yv� � � � yv�Ä° � yñ��½¶u | u À�� w���� |�� x?y � ¸¬y�u�z�� � x�y � �6����w � | z�s6�¥�?� |�� �#�?y � �¯�6�h���²w���w �
u�y � �6�?u ��À ���?y���sv��� | u�y � ��u � y � ��w � x?yÐz�yv��� � �?u�s � svx?y���z/�»y¾z�x�y � ¸¬yvu�z�� � x�� | ��z�y �~�~|~}6| ° |~�~| z�s6�
��� |~� ���?y
� �¯s{z�w¡z | ��z�y�u��?ytu�y � z�y � z�w�° � y�ï Ï y � yt�=� | ��zox?yô¸���y6� � y{z�z�y � � � �#z | �6� � �6� ��|~� z�w6��z À x�s � �6���=yvuq������u��6° � �v��y
�?�6��ð ��w�u8Ò6��¸ | y��Ðy�� � �6� � ð	�?u��6° � �v��y � ���6�#ð	��w�u8Ò���¸ | yv� � �?�6� �Ã� y���° � y � w���y |~�~� y��?u�yô��w�uÃu�w����=�6uÒz À z��6�#z�y �
� y �~� y � ��� | �6��zÁs{z�sty{�?�=� � svy � �?u�s � svx?yv����yv�¬z/ï

(Î�6��z�yv��� |~� � � y ���Òõ?� z��v��y � y{� |~� z{w���z À � y�³��6�?u�y{zÐ�#� | �#z |~�~|~� yv��z � y{z�z�yµz�y ��¹ � | ����y6���?s � y ����| z�yv��z��?�?y
� �=s � | Ê � w9z | �6�Ð�?u�s�w � w�° � yÁx?�Ð�?����°?u�yôx��¯s{z�w¡z �¼| ��z�yvu���y ¬ x?�Ð���6��°?u�yÁx?yÁ���#x?� � y � ­���w |~� � � �?u�z����#z/� |~�~�Ã� �6��z
x?s{¸�� � � �ÄÀ ���Sw��?�?u�yv��z |~��� w } y���w�uñu�yv�?���6u � yv��y���zÄx | u�y � z/� � w�� � ���#x?s �~|~� w9z | �6�Mx?y � �¯yv��¸ | u��6�?��yv��yv�¬zÄ��w�u
�?�ªw��?��u�yv�¬z |~��� w } y � w9z�yv��z/ï Ï w�� �ô� w � � | z�y6�=�?�6� � x |~� � �#z��6� � x?y � w�u�s�w �~|~� w9z | �6�§x��¯�?� �Òõ�� z��v��yñ����x?� � w | u�y
x��²w����?u�y���z |~��� w } y � w9z�yv��z9�?��� | �?yÉ�?s � y ����| z�yÉ��w � x�y � �=s � | Ê � w9z | ���µ��u�s�w � w�° � ytx��µ�?����°?u�yÉx?yt����x?� � y � ï
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÷ yv�¶svu�yvu � y � w�u�w � z��vu�y��?�6��ð ��w6u8Ò6��¸ | yv�Ñx��¯���Syv��¸ | u��6�?��yv��y���zÂy � zÂ�,w � |~� y�wv¸¬y � x�y �Ä��õ?� z��v��y � x��²w��#ð
�?u�yv��z |~��� w } y � w¡z�yv��z � �6����yø� lonqp ï
ò
�4y¾½¶y{z9� � �6u � �#�?y�����y � w·��w�u�z | yµ�#�¡ #¢¥£/¤¥£��9 Sx��¯�?� � � w ��� yv��uÂy � z
� �6��� � �{z�yv��yv�¬z � �=s � | w �~|~� svyµ��w |~� �#�?y � y � � w ��� yv��u � �6��z | ���?y À � � � |~�~� yvuv� � �¯y � z������ |~�Ãõ w·�?����u��6° � �v��y
x�� | �����6u���w9z | �6� � w ��¹ svy�ï p � |~� y � z � ����� � �¾z�yv��yv��z � �=s � | w �~|~� s6� � �²y � z������ |~� � �6� ��| x?��u�y��?�?y ��| z��¥w9z | �6�4��w�u�ð
z | � � �~| �vu�yµw�� �~| yv��x��¯���Ñyv� � yv��° � y�x?y ��| z��¥w9z | �6� �Â} sv�?svu�w �~|~� svy � ï Ï � �Â� �6u � � � � |~� � � � |~�~� y6� � �¯y � z�����y6��x�w�� �
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È�¸-ºeÔ)µÙ¾�·1»#ºe»½¼6¾�Ó�µ6ÔÚºe»½¸U´½´½¸Õ·

Ti : s1× ...× sd× a1× ...× ae → si
Ó�¼6Å�ÔÖÈ�Ê²Û�¾�»½ÔÎ´¶µ�×Ø¼6¾	¹�º>»½¼6¾�È	¸-ºeÔeµÙ¾	·)»Üºe»½¼6¾

Ý ´½¼6Þ�µÙ´½¸ T : s1 × ... × sd × a1 × ... × ae → s1 × ... × sd
ÁKß-¾	¸àº>¸U´½´½¸�×á¼6¾	¹�º>»½¼6¾�Ó�µÙÔÚºe»½¸Õ´½´½¸'¸U·MºZ»½´½´½Å	·MºeÔ1ÊÕ¸
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� µ6¾	·�´½¸Õ·�·
��·Mº��UËÀ¸U·�È�¸�¹U´¶µ6·1·)¸UÅ�Ô1·�ºeÔ)µÙÈ�»Üºe»½¼6¾	¾�¸U´½·ÕÄf´¶µ Ó�µÙÔÚºe»½¸���������� �ð¸U·Mº È	»½·Mºe»½¾�¹�ºe¸|È	¸|´¶µRÓ�µÙÔÚº>»½¸
! � ��"��#�$�%���+Á'&G¾�¼6Å
º>Ô1¸6Ä�È�µÙ¾	·JÏ-ÐÒÑKÄ�(ÆÏ-Ð¥Ñ ¼6ÅwÍ�Ï-ÐÒÑKÄ�´¶µ Ý ÊÕ¾	ÊUÔ)µÙ´¶»½·)µîºe»½¼6¾w¾*) ¼6Ó'�UÔ1¸'Ó�µÙ·f·)Å�Ôf´½¸U·JÓ�µÙÔMºe»½¸U·
��� �$�%� �KÁ,+¡¼6Å	ÔÚº�µÙ¾]ºûÄ	¸U¾8×á¼6Ô)Ë'Å	´¶µ6¾]º-´½¸!Ó	Ô)¼6Þ	´-�UËÀ¸!È	¸Z´.) µÙ¾]ºe»¶¹U»½Ó�µ¬º>»½¼6¾ ¹U¼6ËÀËÌ¸!Å�¾8Ó	Ô)¼6Þ	´-�UËÀ¸!È*)ÃµÙÓ	Ó	Ô)¼0/�»½ËÀµ�1
º>»½¼6¾8È	¸!´¶µ�×á¼6¾�¹�ºe»½¼6¾ È	¸-º>Ô)µÙ¾	·)»Üºe»¶¼6¾

T : s1 × ...× sd × a1 × ...× ae → s1 × ...× sd
Ä
¼6¾ Ô1¸UËÀµ6Ô1ÉcÅ�¸JÉcÅ�¸

´½¸Õ·Òµ¬º)ºeÔ1»½Þ�Å
ºe·
ai
¼6¾]º¥Å�¾8Ô326´½¸!ÊUÉcÅ�»ÜÇ6µÙ´½¸Õ¾]º-µÙÅ4/ µ¬º1ºeÔ1»¶Þ	Å
ºe·

si
Ó�µÙÔ1ËÀ»+´½¸Õ·Òµ¬º)ºeÔ1»½Þ	Å�ºe·¯È5) ¸U¾]º>Ô1ÊU¸76�¹U¸!·)¼6¾]º¯ºe¼]Å	·

È�¸U·ÖµÙÔ Ý Å�ËÌ¸U¾]º>·ÆÈ	¸¥´¶µZ×Ø¼6¾	¹�º>»½¼6¾ÀÈ�¼6¾]ºÎ¼6¾ÀÈ	¼6»#ºÎµÙÓ	Ó�Ô1¸U¾�È	Ô1¸¥Å	¾�¸-µÙÓ	Ó�Ô1¼0/�»½Ëªµ¬ºe»½¼6¾�Á � µÙ¾�·Æ´½¸¥Ó	Ô)¼c¹U¸U·)·)Å	·ÆÈ*) µÙÓ�1Ó�Ô1¸U¾]º>»½·)·)µ Ý ¸6Ä+´½¸Õ·ZµÙ¹�ºe»½¼6¾�·!¾	¸XÈ	¸�Ç	Ô)µÙ»½¸U¾]ºàÈ	¼6¾�¹�Ó�µÙ·
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Å	¸ZÓ+¼6Å	ÔÒ´½¸Õ·-µ¬º1ºeÔ)»½Þ	Å
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ºÆÓ+¼6Å	Ôq´.) ¸U¾�·)¸UË'Þ	´¶¸ÒÈ	¸U·G·
��·Mº��UËÀ¸U·qÈ�¸Ò¹U´¶µÙ·)·)¸UÅ	Ô1·ÕÁ�Ð¯¼6ËÌËÀ¸Ò´½¸ÒÓ	Ô1¼]Ó�¼6·)¸:9 »½´½·)¼6¾
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È�µÙ¾�·Ò´½¸ZÓ�Ô1¼c¹U¸Õ·1·)Å�·ÒÈ*) µ6Ó	Ó	Ô)¸U¾]ºe»½·)·eµ Ý ¸6Á�ÐÎ¸²º1ºe¸ZÈ�»½·Úº>»½¾	¹�º>»½¼6¾ ·)ÊUËÀµÙ¾�ºe»½ÉcÅ�¸Z¾	¸ZÈ	¼6»Üºf»½¾]ºe¸UÔMÇ�¸U¾	»½ÔÒÉ
Å	¸ZÈ	Å�Ô)µÙ¾]º-´¶µÓ,h�µÙ·)¸-È5) ¸Z/�Ó�´½¼6»Üº>µ¬º>»½¼6¾ È�¸U·ÖÔ1ÊÕ·1Å�´Üº>µ¬ºe·ÎÈ�¸-´.) µ6Ó	Ó	Ô)¸U¾]ºe»½·)·eµ Ý ¸6Á � µÙ¾	·Î´½¸f¹ÕµÙ·ÎÈ	¸f´.) µÙÓ�Ó	Ô1¸Õ¾]ºe»½·)·eµ Ý ¸f´¶µîºe¸U¾]ºûÄ
¼6¾ ¾	¸È	»½·Mºe»½¾ Ý Å	¸à´½¸Õ·-µÙ¹²ºe»½¼6¾	·-¸�ºf´½¸Õ·¥·)»ÜºeÅ�µ¬ºe»½¼6¾�·¥É
Å	¸à´½¼6Ô1·)ÉcÅ�¸à´.) ¼6¾ ¹Mh�¸UÔ1¹Mh�¸jiÌÅ
ºe»½´½»½·)¸UÔ-´½¸àËÌ¼
È,�U´½¸àÈ�¸Z´¶µÀ×á¼6¾	¹²ºe»½¼6¾
È	¸Jº>Ô)µÙ¾	·)»Üº>»½¼6¾ Ó+¼6Å	Ô¥µ6¾]ºe»½¹U»½Ó+¸UÔUÁ

� µÙ¾	·¯¹U¸J¹Mh�µÙÓ	»Üº>Ô1¸6Ä
¾	¼6Å�·ÎÈ�Ê�Ç�¸U´½¼6Ó�Ó�¼6¾�·Î´.) »½È�ÊU¸JÈ*) Å�¾�·k�	·ÚºM�UËÌ¸JÈ�¸f¹Õ´¶µÙ·)·1¸ÕÅ	Ô1· Ý ÊU¾�ÊUÔ)µÙ´:Ä
ÉcÅ�»+·1¸ÕÔ)µÙ»ÜºÒÈ�Ê²Û�¾�»¹U¼6ËÀËÌ¸¯Å�¾ÌµÙÓ	Ó�Ô1¼0/�»½Ëªµ¬ºe¸UÅ�Ô3È	¸¯×Ø¼6¾	¹�ºe»¶¼6¾	·qÉcÅ	¸Õ´½¹U¼6¾	É
Å	¸U·liJÞ�µÙ·)¸¯È	¸¯Ô3� Ý ´½¸U· ; Ç�¼6»½Ô3Û Ý Å�Ô1¸¥â
Á < @ ÄÙ·eµÙ¾	·qÈ�»½·Mºe»½¾	¹Z1ºe»½¼6¾�¸U¾�ºeÔ1¸ÌµÙ¹²ºe»½¼6¾	·à¸�ºà·)»Üº>Å�µ¬ºe»½¼6¾�·ZÈ�µ6¾	·Z´½¸XÓ�Ô1¼c¹Õ¸U·)·1Å�·ZÈ*) µÙÓ�Ó	Ô1¸U¾�ºe»½·)·eµ Ý ¸6Á*&G¾�Ô1¸UÈ	ÊUÛ�¾	»½·)·eµÙ¾]º�´½¸XÓ�Ô1¼6Þ�´-�UËÌ¸È	Ê�Çc¼6´½Å µÙÅ4/v·
��·Mº��ÕËÌ¸U·ÌÈ�¸8¹U´¶µÙ·)·)¸UÅ	Ô)·X¹Õ¼6ËÌËÀ¸8Å	¾ Ó	Ô1¼6Þ�´-�UËÌ¸ È*) µÙÓ�Ó	Ô1¼0/	»½ËÀµ¬ºe»½¼]¾�È�¸8×á¼6¾�¹�ºe»½¼6¾�·UÄq¼6¾�Ó+¸UÅ
º
Ô1ÊÕµÙ´¶»½·1¸ÕÔZÈ	¸ÌËÀµ6¾	»-�UÔ1¸À·1»½ËÀ»½´¶µÙ»½Ô1¸ÀÅ	¾�µÙÓ	Ó�Ô1¸U¾�ºe»½·)·)µ Ý ¸Ì´¶µ¬ºe¸U¾�º�¸�º�Å	¾�µ6Ó	Ó	Ô)¸U¾]ºe»½·)·eµ Ý ¸ÌÓ�µÙÔZÔ1¸U¾�×á¼6Ô1¹U¸UËÀ¸U¾]º¬Á*&G¾¸Gm+¸²ºûÄ�ÉcÅ	¸Ì´.) ¼6¾�¹Mh	¸UÔ1¹Mh�¸ni µÙÓ	Ó�Ô1¼0/�»½ËÀ¸UÔZÅ	¾�¸X×á¼6¾�¹�ºe»½¼6¾�È	¸ÌÔ1ÊU¹U¼6ËÀÓ�¸Õ¾	·)¸Ì¼6Å�Å	¾�¸X×á¼6¾�¹�ºe»½¼6¾�È�¸�ºeÔ)µÙ¾�·)»Üºe»½¼6¾
Ó�µÙÔMºe»½¸U´½´½¸6Ä�¼6¾ ¹Mh	¸UÔ1¹Zh	¸Jº>¼6Å?oÚ¼6Å�Ô1·piÌµÙÓ�Ó	Ô1¼0/	»½ËÌ¸UÔ¥Å	¾�¸Z×á¼6¾�¹�ºe»½¼6¾�Á

q ¾ÌÓ+¸UÅ
ºÖÈ	¼6¾�¹ÒÅ�ºe»½´½»½·)¸UÔGÓ	´½Å�·1»½¸ÕÅ	Ô1·G·
��·Mº��ÕËÌ¸U·ÆÈ	¸¥¹U´¶µÙ·)·1¸ÕÅ	Ô1·GÓ+¼6Å	ÔGÔ1ÊÕµ6´½»½·1¸ÕÔGÅ	¾ªµÙÓ	Ó	Ô)¸U¾]ºe»½·)·eµ Ý ¸¥´¶µ¬º>¸U¾]ºÖÈ	ÅËÌ¼
È,�U´½¸'È	¸'´.) ¸U¾]Ç	»½Ô1¼6¾	¾�¸UËÌ¸Õ¾]ºûÁKÐ:h�µÙÉ
Å	¸'·k�	·ÚºM�UËÌ¸�µÙÓ�Ó	Ô1¸U¾�È�´.) µÙÓ�Ó	Ô1¼0/	»½ËÀµ¬ºe»½¼]¾�È*) Å�¾	¸�×Ø¼6¾	¹�º>»½¼6¾�È�¸ZºeÔeµÙ¾	·)»r1
ºe»½¼6¾ Ó�µ6ÔÚºe»½¸U´½´½¸àÓ�¸UÔ)ËÌ¸�º)º>µÙ¾]º-È5) µÙ¾]º>»½¹U»½Ó�¸UÔ¥´¶µ'Ç]µÙ´½¸UÅ	Ô¥È*) Å�¾ µ¬º1º>Ô1»½Þ	Å�º-Ó�µÙÔÚº>»½¹UÅ	´½»½¸UÔÕÁ

ßf¾ µÙÅ
º>Ô1¸Z·
��·Mº��ÕËÌ¸ZÈ�¸Z¹U´¶µÙ·)·)¸UÅ	Ô)·¥Ó�¸UÔ)ËÌ¸�º-È5) µÙÓ	Ó�Ô1¼0/�»½ËÀ¸UÔÒ´¶µÌ×á¼6¾	¹²ºe»½¼6¾s6

Q : s1 × ...× sd × a1 × ...× ae → <ÐÎ¸�º)ºe¸JÈ	¸ÕÔ1¾	»-�UÔ)¸JµÙÓ�Ó	Ô1¼0/	»½ËÀµ¬º>»½¼6¾�Ó+¸UÅ
º`8�ºeÔ)¸!µÙ¹U¹UÊU´¶ÊUÔ1ÊU¸JÓ�µÙÔÎ´.) Å
º>»½´½»½·)µîºe»½¼6¾8È*) Å�¾8µÙÓ	Ó�Ô1¸U¾]ºe»¶·1·eµ Ý ¸J´¶µîºe¸U¾]ºÒÈ5) Å	¾ËÌ¼
È,�U´½¸ÀÈ	¸Ì´.) ¸U¾�Ç�»½Ô1¼6¾�¾	¸UËÀ¸U¾]ºûÄ�¸U¾�Å�ºe»½´½»½·eµÙ¾]º'Å	¾�¸ÀµÙÔ1¹Mh�»Üºe¸U¹�º>Å	Ô1¸et
u�v$wÌÓ�¼]Å	ÔZ»½¾]º>Ê Ý Ô1¸UÔ!ºe¼6Å�·Z´½¸Õ·à·k�	·Mº��UËÌ¸Õ·È	¸Z¹Õ´¶µÙ·)·1¸ÕÅ	Ô1·ÕÄ	¹Õ¼6ËÌËÀ¸Z¹U¸U´¶µÀµÌÊ�ºeÊZ×Øµ6»ÜºfµUÇ�¸U¹�Í�Ï-ÐÒÑKÁ
xzy^{*y={ |~}`����� � ��������}a�[}]�������5�?���$}��p�

&G¾�ËÌ¸²º1º>µÙ¾]ºJÈ�¸à¹02îºeÊ�´½¸U·fÈ	»�m+ÊÕÔ1¸U¾	¹Õ¸U·-¸Õ¾]ºeÔ1¸'µÙ¹�º>»½¼6¾	·f¸�º!µ¬º1º>Ô1»½Þ	Å�ºe·-Ó+¸UÔ3�UÅ�·UÄ�Å	¾�¹U´¶µÙ·)·)¸UÅ	Ô-È�¸�Ç�»½¸U¾�ºJÅ	¾	¸
Ô3� Ý ´¶¸Z¹U¼6ËÀÓ�¼6·)ÊU¸àÈ	¸ZÈ�¸UÅ4/ ÊU´½ÊUËÌ¸Õ¾]ºe·¥·)¸UÅ�´½¸UËÌ¸U¾�ºj6

� Å	¾�¸ Ó�µÙÔÚº>»½¸ ¹U¼6¾�È	»Üºe»½¼]¾|ÉcÅ�»ÖÈ	¼6»Üº78²ºeÔ1¸�µÙÓ�Ó�µÙÔ)»½ÊU¸�µUÇ�¸U¹�´½¸U·�¸U¾�ºeÔ1ÊU¸U·�È	Åv·k�	·ÚºM�UËÌ¸6ÁqÐÎ¸�ºXÊU´¶ÊUËÌ¸U¾�ºXÈ	Å
¹U´¶µÙ·)·)¸UÅ�ÔÒÈ	ÊUÛ�¾	»ÜºfÅ	¾	¸àÔ1¸U·MºeÔ1»½¹²ºe»½¼6¾ È�Å È�¼6ËÀµÙ»½¾�¸ZÈ	¸!Ç6µÙ´½»½È�»ÜºeÊZÈ�Å ¹U´¶µÙ·)·)¸UÅ�Ô*�

� Å	¾�¸ZÓ�µÙÔMºe»½¸ZÈ�ÊU¹U»½·)»½¼6¾ ÉcÅ�»�Ó	Ô1¼6Ó+¼6·)¸ZÅ	¾�¸JÇ6µÙ´½¸ÕÅ	ÔÒÈ�¸Z·)¼6ÔÚºe»¶¸Z¸U¾ ×á¼6¾	¹�º>»½¼6¾ È	¸U·¯Ç6µÙ´½¸ÕÅ	Ô1·¥È*) ¸Õ¾]ºeÔ1ÊÕ¸6Á
� µ�Ó�µÙÔÚºe»½¸ ! � ��"��#�$�%��� È	¼6»Üº-Ó�¼6Å�Ç�¼6»½ÔÒµÙÓ	Ó�µÙÔ1»½¸UÔÒÈ	¸U·Ò¸U¾]ºeÔ)ÊU¸U·Ò·
��Ë'Þ+¼6´½»½ÉcÅ�¸U·ÕÄ
¹Õ¼6ËÌËÀ¸!¹%) ¸U·Mº¥´½¸Z¹ÕµÙ·ÒÈ�µÙ¾�·Í�ÏfÐÒÑ+Ä6ËªµÙ»½·ÆµÙÅ	·)·)»	¾
Å	ËÌÊÕÔ1»½ÉcÅ�¸U·ÕÁ � µÙ¾�·q´¶¸Ò¹ÕµÙ·GÈ5) µ¬º1ºeÔ1»¶Þ	Å
º>·q·
��Ë'Þ+¼6´½»½ÉcÅ�¸U·ÕÄ6´¶µ Ý ÊU¾	ÊUÔeµÙ´½»½·eµ¬ºe»½¼6¾À¼6Ó'�UÔ1¸ Ý Ô��Ù¹U¸

i ´.) Å
º>»½´½»½·eµ¬ºe»½¼6¾|È	¸Õ·�·
��Ë�Þ�¼6´½¸U·���Á � µÙ¾�·'´½¸ª¹ÕµÙ·'È*) µîº1ºeÔ1»½Þ�Å
ºe·'Ó	Ô1¸U¾�µÙ¾]º�È	¸Õ·ZÇ]µÙ´½¸UÅ	Ô)·�¾
Å	ËÌÊÕÔ1»½ÉcÅ�¸U·�¸�º�È�¼6¾	¹
¼6Ô1È�¼6¾	¾�ÊU¸U·ÕÄû»½´�¸U·Mº¡Ó�¼6·)·)»½Þ	´¶¸ÆÈ*) Å
º>»½´½»½·1¸ÕÔ È	¸Õ· »½¾]º>¸UÔÚÇ6µ6´½´½¸U·æÓ�¼6Å�Ô È	Ê²Û�¾	»½Ô ´½¸ÆÈ�¼6ËÀµÙ»½¾�¸ÆÈ	¸qÇ6µ6´½»½È	»ÜºeÊÖÈ*) Å	¾�¹U´¶µ6·1·)¸UÅ�ÔUÄ
¹U¼6ËÀËÌ¸X¹U¸U´¶µ8µ Ê²ºeÊ�×Øµ6»ÜºZÈ�µÙ¾	·!´½¸X¹ÕµÙÈ	Ô)¸�È�¸��fÐÒÑ�� ; 9 »½´½·)¼6¾�Ä <?>%> ãUÞ @ Ó�¼6Å�ÔJÈ	¸Õ·JÓ�Ô1¼6Þ�´-�UËÌ¸U·!È�¸�×á¼]Å	»½´½´½¸XÈ	¸
È	¼6¾�¾	ÊU¸Õ·UÁ
Ï�Ç�¸U¹Jµ6Å
º>µÙ¾�º¯È*) »½¾�ºe¸UÔÚÇ]µÙ´½´½¸U·ÎÉ
Å	¸fÈ*)Ãµ¬º1ºeÔ1»½Þ�Å
ºe·ÕÄcÅ�¾	¸fÓ�µÙÔÚºe»½¸ ! � ��"�� ����� �ÀÔ1¸U·MºeÔ)¸U»½¾]ºÒ´½¸fÈ	¼6ËªµÙ»½¾	¸JÈ	¸
Ç6µÙ´½»½È�»ÜºeÊÎÈ	Å'¹U´¶µÙ·)·)¸UÅ	Ô¡·1¸Õ´½¼6¾àºe¼]Å
ºe¸U·¡´½¸U·¡È	»½ËÀ¸U¾	·)»½¼6¾�·ÕÁ�&q¾�¹U¼6¾	·)ÊUÉ
Å	¸U¾	¹Õ¸6Ä¬´.) ¸U¾�·1¸ÕË'Þ	´½¸ÖÈ�¸U·¡Ó�µÙÔÚº>»½¸U·¡¹U¼6¾	È�»Üºe»½¼6¾�·
È	¸U·qÈ	»�mKÊUÔ1¸U¾]º>·3¹U´¶µÙ·)·)¸UÅ�Ô1·3È�ÊU¹U¼6Å�Ó�¸¯´.) ¸U·)Ó�µÙ¹U¸ÒÈ	¸U·3·)»ÜºeÅ�µ¬ºe»½¼6¾�·3Ó+¼6·)·1»½Þ�´½¸U·3¸Õ¾ÌµÙÅ
º>µ6¾]ºGÈ*)�h��	Ó�¸UÔ
1�¹UÅ	Þ+¸U·3ÉcÅ*) »½´��Xµ
È	¸Î¹U´¶µÙ·)·)¸UÅ	Ô1·ÕÁ?&G¾'¸GmK¸�ºûÄî´½¸U·¡Ô1¸U·MºeÔ1»¶¹�ºe»½¼6¾	·qµÙÓ	Ó+¼6ÔÚºeÊU¸Õ·¡Ó�µÙÔæ´¶¸U·¡Ó�µÙÔMºe»½¸U· ! ���4"��#����� ��Å
ºe»½´½»½·)¸U¾�º3È�¸U·¡¹U¼6¾�·Úº�µÙ¾]ºe¸Õ·UÄ¸�º�´½¸ªÈ�ÊU¹U¼6Å	Ó�µ Ý ¸ªÈ	¸ª´K) ¸U·)Ó�µÙ¹U¸ªÈ�¸U·�Ê²º>µ¬ºe·'·1¸ ×ØµÙ»Üº�Ó�µ6Ô)µÙ´½´-�U´½¸ÕËÌ¸U¾]ºÌµÙÅ4/�µ /�¸Õ·�È�¸U·�È�»�m+ÊUÔ1¸Õ¾]ºe¸U·'È	»½ËÀ¸U¾	·)»½¼6¾�·¹U¼6Ô1Ô)¸U·)Ó�¼6¾�È�µÙ¾�ºfµÙÅ4/ µ¬º1ºeÔ1»½Þ�Å
ºe· ; Çc¼6»½Ô¯Û Ý Å	Ô1¸'â
Á�A @ Á

� µ�Ó�µÙÔÚº>»½¸JÈ�ÊU¹U»½·)»½¼6¾8È	Å8¹U´¶µÙ·)·)¸UÅ�ÔÎÓ�Ô1¼6Ó+¼6·)¸JÅ	¾	¸fÇ6µÙ´½¸ÕÅ	Ô¯¾cÅ	ËÀÊUÔ1»½ÉcÅ�¸J¼6Å8·
��Ë'Þ+¼6´½»½ÉcÅ�¸6Ä�ÉcÅ�µÙ¾�È�´¶µ�¹U¼6¾�È	»r1
ºe»½¼6¾�¸U·Mº-·eµ¬º>»½·1×@µÙ»Üºe¸6Á�&G´½´½¸à¹ûµÙ´½¹UÅ	´½¸�Å	¾�¸JÇ]µÙ´½¸UÅ	Ô¥È�¸à·1¼]ÔÚºe»½¸à¸U¾ ×á¼]¾	¹�ºe»½¼]¾ È	¸U·-¸U¾]ºeÔ)ÊU¸U·ÕÁ�Ñ
»�´¶µ�Ç6µÙ´¶¸UÅ	Ô¥ÉcÅ�¸àÈ	¼6»Üº
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äæå`çæè¯éUër¨Ùía©+ôáõ¶þ õ � ùûô`õáñÕò�ö�ø õ¶òcô@ý)ü3ªUùûþ½þÜý � ú]ñ0�6üàö���«�ò�õ½üàöîý � ö¬ñ0�ZùÕõ½ò�ý � öîý
ªUùûþ õ`öÕõ`ô��!ò¬�%�
�)ü1õ[­���ý � ë$®�¯0°�±
²	³	´
³	µ?³Z¶¤·¬¸¹³#º*»r¸z¼ ¯¦½ ³M¾?µ ¯ ´^´^¿
»ÁÀ¬¾%´ ±g° ¾�¶¤Â�¿
»¹Ã?¾%³ ± x1

³	´ x2 Ä5Å ¯ ²�Æ °�½ »Á´k»¹Æ °~½ ¾~²�¸ ¯0±^± ³M¾%¿jÇ]È�³ ± ´
[1.5→ 3.5][2.5→ 3.5] º%³	´�¸ ¯ ²	Æ °�½ »�´
»ÁÆ °7½ ³pÇ�Ép³ ± ´ [2.5→ 4.5][1→ 3.5] Ä

Ó�Ô1¼6Ó+¼6·)¸UÔ¯´½¸Z¹Õ´¶µÙ·)·1¸ÕÅ	ÔÒ¸U·Mº-·k�	Ë'Þ�¼]´½»½ÉcÅ	¸6Ä	´¶µXÓ�µÙÔÚºe»½¸ZÈ	ÊU¹Õ»½·1»½¼]¾ ¸U·Mº-Å	¾	¸Z×á¼6¾�¹�ºe»½¼6¾ ¹U¼6¾�·Mº>µÙ¾]º>¸!Ô)¸U¾]Ç�¼0�cµ6¾]ºÒºe¼6Å�1
oM¼6Å	Ô1·-´½¸àËn8UËÌ¸à·
��Ë�Þ�¼6´½¸]Á�Ñ
»�´½¸à¹U´¶µ6·1·)¸UÅ�Ô¥È	¼6»ÜºJÓ	Ô1¼]Ó�¼6·)¸UÔ¥Å	¾�¸!Ç6µÙ´½¸UÅ�Ô¥¾cÅ�ËÌÊUÔ1»½É
Å	¸6Ä�´¶µÌÓ�µÙÔÚºe»½¸�È	ÊU¹U»½·)»½¼6¾�¸U·Mº
Å�ºe»½´½»½·)ÊU¸�Ó�¼6Å�Ô¥¹ÕµÙ´¶¹UÅ	´½¸UÔ-´¶µÀ·)¼6ÔÚºe»½¸�È�Å ¹U´¶µÙ·)·)¸UÅ	Ô-¸U¾�×á¼6¾�¹�ºe»½¼6¾�È	¸Õ·ÒÇ6µÙ´½¸UÅ�Ô1·-È	¸Õ·fµ¬º1ºeÔ1»¶Þ	Å
º>·¥¾
Å	ËÀÊUÔ1»½ÉcÅ�¸U·ÕÁ � ¸U·
µîº1ºeÔ1»½Þ�Å
ºe·G·
��Ë�Þ�¼6´½»½ÉcÅ�¸U·G¾	¸¥·1¸ÕÔÚÇ�¸U¾]ºÖÓ	´½Å�·ÆµÙ´½¼6Ô1·GÉ
Å*)�i!´¶µZÔ1¸U·MºeÔ)»½¹�ºe»½¼6¾ÀÈ	ÅÀÈ	¼6ËªµÙ»½¾	¸¥È	¸ÎÇ]µÙ´½»½È	»Üº>ÊÒÈ�ÅÌ¹U´¶µÙ·)·)¸UÅ	ÔUÁ

ß-¾	¸¥Ó�µÙÔÚºe»½¸-È	ÊU¹U»½·)»½¼6¾ª¹ÕµÙÔ)µÙ¹²ºeÊUÔ1»½·)ÊU¸-Ó�µÙÔGÅ	¾À·)¸UÅ�´�Ó�µÙÔ)µ6ËÊ��ºeÔ)¸¥¾	¸¥Ó�¸ÕÔ1ËÌ¸�ºÖÈ�¸¥·)Ó�ÊU¹U»#Û�¸UÔGÉcÅ5) Å	¾	¸¥×á¼6¾�¹�ºe»½¼6¾
¹Õ¼6¾	·Mº>µÙ¾�ºe¸6ÄÙÉcÅ	»�Ô1¸U¾�Ç�¼6»½¸¯´½¸¯Ó�µÙÔeµÙËÊ��º>Ô1¸Î¸Õ¾XÉcÅ	¸U·Mº>»½¼6¾�Á]Ð¤) ¸U·MºG´½¸¯¹ÕµÙ·qÈ	¸:�fÐÒÑKÄî¼%ËX´¶µJ×á¼]¾	¹�ºe»½¼]¾XÈ	¸ÎÈ�ÊU¹U»½·)»½¼6¾XÈ�¸
¹Mh�µÙÉcÅ�¸'¹Õ´¶µÙ·)·1¸ÕÅ	ÔJ¸U·MºZÓ�µÙÔeµÙËÌÊ�º>Ô1ÊU¸�Ó�µÙÔJÅ	¾�¸'¹Õ¼6¾	·Mº>µÙ¾�ºe¸�¾cÅ	ËÀÊUÔ1»½ÉcÅ�¸6Á�ÐÎ¸�º1º>¸�¹U¼6¾	·Mº>µÙ¾�ºe¸�¸U·MºZ´¶µ Ó	Ô1ÊUÈ�»½¹�ºe»½¼6¾
È�ÅªÔ1¸Õ¾	×á¼6Ô)¹U¸UËÌ¸Õ¾]º¯µ¬º)ºe¸U¾�È	Å�Á�Ð:h�µÙÉ
Å	¸f¹U´¶µÙ·)·)¸UÅ	ÔÖÈ	¸p�fÐÒÑÀÈ	ÊUÛ�¾	»Üº¯È	¼6¾	¹fÅ	¾ ·)¼6Å	·
1�¸Õ¾	·)¸UË'Þ�´½¸-È	¸f´.) ¸U·)Ó�µÙ¹Õ¸-È�¸U·
·)»ÜºeÅ�µ¬ºe»½¼6¾�·ÕÁ6³z´.) »½¾]ºeÊUÔ)»½¸UÅ	ÔGÈ�¸Ò¹Mh�µÙÉcÅ	¸¥·)¼6Å	·
1�¸U·)Ó�µÙ¹U¸6Ä]´¶µfÇ]µÙ´½¸UÅ	ÔGÓ	Ô1¼6Ó+¼6·)ÊU¸¥¸U·MºÆ¹U¼6¾�·Mº>µÙ¾]º>¸6Á�&G¾Ì¹Õ¼6¾	·)ÊUÉcÅ�¸U¾	¹Õ¸6Ä
�JÐÒÑ�Ó�Ô1¼6Ó+¼6·1¸ÒÅ�¾	¸¥µ6Ó	Ó	Ô)¼0/�»½ËÀµ¬º>»½¼6¾Ì¹Õ¼6¾	·Mº>µÙ¾]º>¸ÒÓ�µÙÔGËÌ¼6Ô)¹U¸ÕµÙÅ4/ÌÈ	¸Ò´¶µZ×á¼6¾	¹�º>»½¼6¾ÌÈ�¸ÒÔ1ÊU¹Õ¼6ËÌÓ+¸U¾	·)¸¥µ¬º1º>¸U¾	È	Å�¸6Á

�!�^Ì Íp¨'¨��+©G­�¦e�~¢¯�+¦)©-����� °U©¥�����+¦)©-�'�u�!���~¤q�K¦e§!�'�q�
� µ6¾	·3¹U¸�º1º>¸Î·)¸U¹�ºe»½¼6¾�Äî¾�¼6Å	·3×ØµÙ»½·)¼6¾	·3È�¸U·3Ó	Ô1¼6Ó+¼6·)»Üºe»½¼6¾�·¡Ó+¼6Å	Ô¡´¶µJ¹U¼6¾	¹Õ¸UÓ
ºe»½¼]¾�È*) Å�¾�·
��·Mº��UËÀ¸ÎÈ	¸Î¹U´¶µ6·1·)¸UÅ�Ô1·

Ó+¸UÔ1ËÀ¸�º1º>µ6¾]º¥È5) µÙÓ	Ó�Ô1¸U¾	È�Ô1¸!´.) µÙÓ�Ó	Ô1¼0/�»¶ËÀµ¬ºe»½¼]¾ È*) Å	¾�¸!×á¼6¾�¹�ºe»½¼6¾ ¾
Å	ËÌÊÕÔ1»½ÉcÅ	¸ZÉcÅ	¸Õ´½¹U¼6¾	É
Å	¸6Ä	¹%) ¸U·Mº31^i�1�È	»½Ô1¸ZÈ*) ¸U¾
µ6Ó	Ó	Ô)¸U¾	È	Ô)¸ZÅ	¾ ËÀ¼cÈ,�Õ´½¸6Á

xDyÏÎDy^{ ÐÒÑ�Ñ]�%Ó$Ô�ÕKÖ×�'��Õ.Óz�Ø�KÕK�lÙ��5ÕK�%��Ñ��5�ÚÖ×ÓÛ�������Û}�Ô
�fÐÒÑ4� ; 9 »½´½·)¼6¾�Ä <?>%> ãUÞ @ Ó�¸ÕÔ1ËÌ¸²ºÆÈ	¸¯ºeÔ1¼6Å�Ç�¸UÔGÅ	¾	¸-µÙÓ	Ó�Ô1¼0/�»½Ëªµ¬ºe»½¼6¾ÀÓ+¼6Å	ÔGÅ	¾�¸Ò×á¼6¾�¹�ºe»½¼6¾�Á�+3µÙÔG¸Z/	¸UËÌÓ�´½¸6Ä

Å�ºe»½´½»½·)Ê�Ó+¼6Å	Ô µ6Ó	Ó	Ô)¼0/�»½ËÌ¸UÔ Å	¾�¸�×á¼6¾	¹²ºe»½¼6¾ðµUÇc¸U¹�Å�¾ ·)¸UÅ	´�µÙÔ Ý Å�ËÌ¸U¾]º¬ÄÒ¹U¸�·
��·Mº��ÕËÌ¸�Ó+¸UÅ
º�Ó+¸UÔ1ËÀ¸�º1ºeÔ1¸�È�¸ËÀ¼cÈ	ÊÕ´½»½·)¸UÔÒ´¶µÌ×á¼6¾	¹²ºe»½¼6¾
f : x→ x2

¸U¾]ºeÔ)¸ > ¸�º < Ý Ô	�Ù¹U¸�µÙÅ4/ º>Ô1¼6»½·¥¹U´¶µÙ·)·)¸UÅ�Ô1·¥·)Å	»ÜÇ]µÙ¾]ºe·S6
� [0.0→ 1.0], v = 0.3
� [1.0→ 1.5], v = 1.6
� [1.5→ 2.0], v = 3.1
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Approximation constante par morceaux
fonction carre

äæå`çæèqéUë Ü
í,Ý¡ú¬ú
ü�ñZÞÕõß�!ùûô`õáñÕò óMñÕò � ôØùÕòcô:ý¡ú]ùÕü��ZñÕü�óMýÚù0� Þ�öîý
f : x→ x2 ë

� µ Ó�µÙÔMºe»½¸ª¸U¾]º>Ô1¸ª¹UÔ1¼c¹Mh�¸�ºe·'»½¾	È�»½ÉcÅ	¸]Ä�Ó+¼6Å	Ô�¹Mh�µÙÉcÅ	¸ª¹Õ´¶µÙ·)·1¸ÕÅ	ÔUÄ ·)¼6¾�È�¼6ËÀµÙ»½¾�¸ªÈ	¸ÌÇ]µÙ´½»½È	»ÜºeÊ]Ä ¸�º�´¶µ ·)¸U¹U¼6¾�È	¸
Ó�µÙÔMºe»½¸ »½¾	È�»½ÉcÅ�¸ ´¶µ�Ç6µÙ´¶¸UÅ	ÔÌÓ�Ô1¼6Ó�¼]·1ÊÕ¸ Ó�µÙÔÌ´½¸ ¹U´¶µÙ·)·)¸UÅ	ÔÀÈ�µÙ¾�·Ì¹U¸�º »½¾]ºe¸ÕÔÚÇ6µÙ´½´½¸]ÁÆÐÎ¸²º1ºe¸ µÙÓ�Ó	Ô1¼0/	»½ËÀµ¬ºe»½¼]¾ ¸U·Mº
»½´½´½Å	·MºeÔ)ÊU¸ªÓ�µÙÔ�´¶µ8Û Ý Å	Ô)¸ â
Á ¿	Áæßf¾	¸ªµ6Ó	Ó	Ô)¼0/�»½ËÀµ¬º>»½¼6¾�È	¸ª¹U¸�º1º>¸À¾�µ¬ºeÅ	Ô)¸À¸U·Mº�·)¼6Å
Ç�¸U¾�ºàº>Ô3�U·�»½ËÀÓ	Ô1ÊU¹Õ»½·1¸ª¸�º�¼6¾Ó�¸ÕÅ
º-´½Å	»�Ó	Ô1ÊÕ×áÊUÔ1¸UÔ¥Å	¾	¸àµ6Ó	Ó	Ô)¼0/�»½ËÀµ¬º>»½¼6¾ ´½»½¾	ÊÕµÙ»½Ô)¸ZÓ�µÙÔÒËÀ¼6Ô1¹U¸ÕµÙÅ�/8¹Õ¼6ËÌËÀ¸Z¹U¸U´½´½¸àÈ	¸à´¶µ�Û Ý Å	Ô1¸'â
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Approximation lineaire par morceaux
fonction carre

ä åáç èqéUë�àîí,Ý¡ú¬ú�ü�ñZÞûõ-�Zùûô`õ`ñÕòªþ õ½ò,��ùÕõ¶üÚý3ú]ùÕü��ZñÕü�óMýÚù0� Þ�öîý
f : x→ x2 ë

� µÙ¾	·!¹U¸'¹ÕµÙ·ÕÄ+¹U¼6ËÌËÀ¸'´½¸�Ó	Ô1¼6Ó+¼6·)¸S9 »¶´½·1¼]¾wµUÇ�¸U¹��fÐ¥Ñ�á ; 9 »½´¶·1¼6¾�Ä <?>�> ãÕµ���9 »½´¶·1¼6¾�Ä <?>�>�< @ Ä+´¶µªÓ�µÙÔÚºe»½¸
È	ÊU¹Õ»½·)»½¼6¾zÈ	Åz¹Õ´¶µÙ·)·1¸UÅ�Ô�È	ÊUÛ�¾	»Üº ¾�¼6¾zÓ	´½Å	·8Å	¾�¸�¹Õ¼6¾	·Mº>µÙ¾�ºe¸6ÄÎËªµÙ»½·�Å�¾	¸w×á¼6¾�¹�ºe»½¼6¾ ´½»½¾	ÊÕµÙ»½Ô)¸wÈ	¸U· µ¬º1º>Ô1»½Þ	Å�ºe·
¾cÅ�ËÌÊUÔ1»½É
Å	¸U·ÕÁ�+¡¼6Å	Ô¥¹U¸Z×@µÙ»½Ô1¸6Ä�´¶µX×á¼]¾	¹�ºe»½¼]¾ È�¸ZÈ	ÊU¹Õ»½·1»½¼]¾ È�¸Z¹Mh�µÙÉ
Å	¸à¹U´¶µÙ·)·)¸UÅ	ÔÒ¸Õ·ÚºfÓ�µÙÔeµÙËÌÊ�º>Ô1ÊU¸ZÓ�µÙÔ

� Å	¾�¸�Ç]µÙ´½¸UÅ�Ô!Ó�µÙÔZµ¬º1º>Ô1»½Þ	Å�ºZ¾
Å	ËÌÊÕÔ1»½ÉcÅ	¸]Ä+É
Å	»3Ô1¸UÓ�Ô1ÊU·)¸U¾]ºe¸X´¶µ�Ó+¸U¾]ºe¸XÈ�¸�´.)�h¬��Ó�¸ÕÔk1�Ó	´¶µ6¾ Ó�µÙÔ!Ô)µÙÓ�Ó�¼6ÔÚºji
´.) µ /	¸ZÔ1¸ÕÓ	Ô1ÊU·)¸U¾�º>µÙ¾]ºf¹U¸�ºJµ¬º1ºeÔ1»½Þ�Å
ºz�
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� Å�¾	¸ÖÇ6µÙ´¶¸UÅ	Ô3Ô1¸UÓ�Ô1ÊU·)¸U¾]º�µÙ¾]ºG´¶µ-Ç]µÙ´½¸UÅ	Ô�iJ´.) ¼]Ô1» Ý »½¾	¸]ÄÙ¹%) ¸U·Mº31ki 1�È	»½Ô)¸¯´½¼6Ô1·)ÉcÅ�¸Æº>¼6Å	·q´½¸U·Gµ¬º1ºeÔ1»¶Þ	Å
ºe·q·)¼6¾]ºG¾
Å	´½·ÕÁ
+¡µÙÔZ¸Z/�¸UËÀÓ	´½¸6Ä�´.) µÙÓ	Ó�Ô1¼0/�»½ËÀµîºe»½¼6¾�´½»½¾	ÊÕµÙ»½Ô)¸XÓ�µÙÔ!ËÀ¼6Ô1¹U¸Õµ6Å4/wÈ	¸X´¶µ�Û Ý Å�Ô1¸Àâ
ÁÃÂ ·0) ¼6Þ
º>»½¸U¾]º�µUÇ�¸U¹Ì´½¸U·ZÈ	¸UÅ�/¹Õ´¶µÙ·)·1¸ÕÅ	Ô1·¥·)Å	»ÜÇ]µÙ¾]ºe·S6
� [0.0→ 1.0], a = 1, b = −0.2
� [1.0→ 2.0], a = 3, b = −2.1� µÙ¾�·f¹U¸�¹ûµÙ·ÕÄ�´½¸U·¥Ç]µÙ´½¸UÅ�Ô1·

a
¸�º
b
µÙ·)·)¼c¹U»½ÊU¸Õ·¤iÀ¹Mh�µÙÉcÅ�¸�¹U´¶µÙ·)·)¸UÅ�Ô-¹ÕµÙÔeµÙ¹�ºeÊUÔ)»½·1¸Õ¾]º!Å	¾	¸'×á¼6¾	¹²ºe»½¼6¾�´½»½¾	ÊÕµÙ»½Ô)¸�È	¸

È�ÊU¹U»½·)»½¼6¾ Ô1¸U¾�È�µÙ¾]º
y = ax+ b

¸Õ¾ ×á¼6¾�¹�ºe»½¼6¾ È*) Å�¾	¸JÇ]µÙ´½¸UÅ	Ô¥È*) ¸U¾]º>Ô1ÊU¸
x
Á

³®¹U¼6¾�È	»Üº>»½¼6¾RÈ	¸�Ë�Å	´Üºe»½Ó�´½»½¸UÔ ´½¸U· »½¾]ºe¸UÔMÇ6µÙ´½´½¸U· ¸²º�´½¸U· Ó�µÙÔeµÙËÊ��º>Ô1¸U· È	¸�´¶µ�×á¼6¾	¹�º>»½¼6¾R´¶»½¾	ÊÕµÙ»½Ô)¸�µÙ·)·)¼c¹U»½ÊU¸
i ¹Mh�µÙÉ
Å	¸À¹U´¶µÙ·)·)¸UÅ	ÔUÄ�¹U¸U·à¸Z/	¸UËÌÓ�´½¸U·à·)¼6¾]º Ý ÊU¾�ÊUÔ)µÙ´½»½·eµÙÞ�´½¸U·ji8Å�¾�¾�¼6Ë'Þ�Ô1¸ÌÉcÅ�¸U´½¹U¼6¾�ÉcÅ	¸ÀÈ	¸ÀÈ	»½ËÌ¸Õ¾	·)»½¼6¾	·ÕÁ Ñ�»
´.) ¼]¾ Å�ºe»½´½»½·)¸ È�¸�ºe¸U´½·À¹Õ´¶µÙ·)·1¸ÕÅ	Ô1·ÀÓ+¼6Å	ÔÌ¹Õµ6´½¹UÅ	´½¸UÔÀ´¶µ�Ç]µÙ´½¸UÅ	Ô

y
ÉcÅ�¸ Ó�Ô1¼6Ó�¼]·1¸ ´½¸ ËÌ¼
È,�U´½¸ Ó+¼6Å	ÔÌ´¶¸U·XÇ6µÙ´½¸UÅ�Ô1·

È5) µ¬º1ºeÔ)»½Þ	Å
º
(x1, · · · , xd)

ÄG¼]¾ ·)ÊU´½¸U¹²ºe»½¼6¾	¾�¸ È5) µÙÞ�¼]Ô1È ´¶¸ ¹Õ´¶µÙ·)·1¸ÕÅ	ÔÀÈ�¼6¾]º�¹Mh�µÙÉ
Å	¸�»½¾]ºe¸UÔÚÇ]µÙ´½´½¸�È	¸�´¶µ�Ó�µÙÔÚº>»½¸
! � ��"��#�$�%����¹U¼6¾]º>»½¸U¾]ºf´¶µ'Ç6µ6´½¸UÅ	ÔÒÈ�¸Z´.) µ¬º1º>Ô1»½Þ	Å�º-¹U¼6Ô)Ô1¸U·)Ó�¼6¾�È�µÙ¾�ºûÁ � ¸U·¥Ó�µÙÔ)µÙËn��ºeÔ)¸U·¥È	¸Z´¶µÌ×á¼6¾	¹�º>»½¼6¾ ´½»½¾�ÊÕµÙ»½Ô1¸
·)¼6¾�ºÖ¸U¾	·)Å	»#ºe¸¥Å
ºe»½´½»½·)ÊU·ÆÓ+¼6Å	ÔG¹ÕµÙ´½¹UÅ�´½¸UÔG´`µJÇ6µÙ´½¸UÅ�ÔGÈ	¸¥·)¼6ÔÚºe»½¸¥¸Õ¾À×á¼6¾�¹�ºe»½¼6¾ªÈ	ÅXÇ�¸U¹�º>¸UÅ	ÔGÈ*) ¸Õ¾]ºeÔ1ÊÕ¸

(x1, · · · , xd)
Á
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æ¤çGè�é[êsë,è é[ì$ízçnçGè#ë�è�é[çGè�é[î*ïÛð4ç

+æ¼6Å�Ô�È	Ê²Û�¾	»½ÔàÅ�¾ ºe¸Õ´GÓ�µ6ÔÚºe»Üºe»½¼6¾�¾	¸UËÀ¸U¾]º¬Ä*�fÐÒÑ,á Å
ºe»½´½»½·)¸ªÈ	¸U·�µÙ´ Ý ¼6Ô1»ÜºMh	ËÌ¸Õ· Ý ÊU¾�Ê�ºe»½ÉcÅ�¸U·�Ó�¼]Å	Ô!ºeÔ)¼6Å
Ç�¸ÕÔ´½¸Õ·Z»½¾]ºe¸ÕÔÚÇ6µÙ´½´½¸Õ·Z¹U¼6¾�·Mºe»ÜºeÅ�µ6¾]ºà´¶µ8Ó�µ6ÔÚºe»½¸ ! � ��"�� ���%����È	¸Õ·Z¹U´¶µÙ·)·)¸UÅ	Ô)·UÁ Ñ
»q¹U¸U·àµÙ´ Ý ¼6Ô1»Üº�h�ËÌ¸U·Z·)¼6¾�º!º>Ô3�U·ZÅ
º>»½´½¸U·Ó+¼6Å	Ô'Ó�¸UÔ)ËÌ¸�º1º>Ô1¸ªÈ5) µ¬º1ºe¸U»¶¾	È	Ô)¸ªÅ	¾|¼6Ó
ºe»½Ë�Å	Ë Ý ´½¼6Þ�µ6´:Äæ¸U¾|Ó�¸UÔ1ËÀ¸�º1º�µÙ¾]º�È*) ¸Z/�Ó	´½¼]Ô1¸UÔ'¸GñÀ¹ûµÙ¹U¸UËÌ¸Õ¾]ºXÅ	¾�º>Ô3�U·´¶µ6Ô Ý ¸!·)Ó�¸Õ¹�ºeÔ1¸!È	¸!´.) ¸U·)Ó�µÙ¹Õ¸!È	¸U·Ò·1¼]´½Å
ºe»½¼6¾�·ÕÄ
¼]¾8Ó�¸UÅ�ºÒ¸U¾8Ô)¸�Ç6µÙ¾�¹Mh	¸!¹UÔ)µÙ»½¾�È	Ô1¸!ÉcÅ�¸!¹U¸!¾	¸!·)¼6»Üº-µÙÅ8È	Ê�º>Ô1»½ËÌ¸Õ¾]ºÈ�¸X´½¸UÅ�Ô!ÔeµÙÓ	»½È	»#ºeÊÊi ºeÔ1¼6Å�Ç�¸UÔZÅ	¾	¸Ì·1¼]´½Å
ºe»½¼6¾�Á*&G¾�¸Gm+¸�ºûÄ�´½¼c¹Õµ6´½¸UËÌ¸U¾�ºûÄ�¹U¸U·àµÙ´ Ý ¼]Ô1»Üº�h�ËÌ¸U·Z¾�¸XÓ�Ô1¼6Ó+¼6·1¸Õ¾]ºàÉcÅ�¸È�¸U·ÎËÀ¼cÈ�»#Û�¹Õµ¬º>»½¼6¾	·ÒµÙ´½ÊÕµ¬º>¼6»½Ô1¸U·ÕÄ�ÉcÅ	»+¾�¸J·)¸UÔ1¼6¾]º¥Ê�Ç6µÙ´½Å�ÊU¸U·¯ÉcÅ5)�w¤ò�ó?ôZõ=öG÷Mø�ó%÷MøØÁ � ) Å
ºe»½´½»½·eµ¬º>»½¼6¾8È*) ¸U·Mºe»½Ëªµ¬ºe»½¼6¾�·Î¸²º
È5)�h	¸UÅ�Ô1»½·Mºe»½ÉcÅ�¸U·�Ó+¼6Å	Ô Ý Å�»½È	¸UÔ ´¶µÒÔ1¸U¹Mh�¸UÔ1¹Mh�¸GÈ	¸G¹U´¶µ6·1·)¸UÅ�Ô1·�Û�µÙÞ�´½¸U· È	¼6»ÜºæÓ+¸UÔ1ËÀ¸�º1ºeÔ)¸qÈ5) µÙ¹U¹UÊÕ´½ÊUÔ1¸UÔ�¹Õ¸GÓ	Ô)¼c¹U¸U·)·)Å	·ÕÁ
+¡¼6Å	Ôæ¾	¸ÖÓ�µÙ·æ·)¼6Å�mKÔ1»½ÔæÈ	¸U·æËÊ8ÕËÌ¸U·æÓ	Ô)¼6Þ	´-�UËÀ¸U·æÉcÅ�¸Æ´½¸U·zh�¸UÅ	Ô1»¶·Úº>»½ÉcÅ	¸U·æÈ�¸�(ÆÏ-Ð¥ÑZ¸�ºqÍ�ÏfÐÒÑ+Äû»½´c¹U¼6¾]Ç	»½¸U¾]º3È*) ¸U¾
È�Ê²Û�¾�»½ÔfÈ	¸'Ó�´½Å	·J·)¼6Å	Ó�´½¸U·JÓ�¼6Å�ÔfÓ�¸UÔ)ËÌ¸�º1º>Ô1¸'È	¸'Ó�Ô1¸U¾	È�Ô1¸'¸U¾w¹U¼6ËÌÓ�ºe¸'È	¸U·J¸Õ¾]Ç�»½Ô1¼]¾	¾	¸UËÀ¸U¾]º>·f·Mºe¼
¹Mh�µÙ·Mºe»½ÉcÅ�¸U·
¼]Å Ê�Ç�»Üºe¸ÕÔ¥È	¸Õ·�óZò'õ�ø[ùÊwà´½¼c¹ÕµÙÅ�/KÁ�Ïf»½¾	·)»:Ä�»½´ ¾	¼6Å�·¥Ó�µÙÔ)µ ú½ºf·)¼6Å�h�µÙ»Üº�µÙÞ	´½¸àÈ5) Å
ºe»½´½»½·)¸UÔ-È	¸U·ph	¸ÕÅ	Ô1»½·Mºe»½É
Å	¸U·-È,�U·-ÉcÅ�¸
¹Õ¸U´¶µw¸U·MºÀÓ+¼6·1·)»½Þ�´½¸6Äæºe¼6Å
ºª¸U¾�Ó�µÙ´½´½»`µÙ¾]ºÀ´½¸U·ÌÓ	Ô)¼6Þ	´-�UËÀ¸U·ÌÈ*) ¼6Ó�ºe»½ËÀµÙ´½»Üº>Ê8´½¼c¹Õµ6´½¸8ÉcÅ	»¯Ó+¼6Å	Ô)Ô)µÙ»½¸U¾]ºÀ¸Õ¾�Ô1ÊU·)Å	´Üºe¸ÕÔ
Ý Ô	�Ù¹U¸jiX´.) Å
º>»½´½»½·eµ¬ºe»½¼6¾ È5) µÙ´ Ý ¼6Ô1»ÜºMh	ËÌ¸Õ· Ý ÊU¾�Ê�ºe»½ÉcÅ�¸U·ÕÁ

� µ6¾	·J´¶µª·)Å	»Üº>¸6Ä�¾	¼6Å�·fÓ�Ô1ÊU·)¸U¾]º>¼6¾	·fÞ�Ô1»-��Ç�¸ÕËÌ¸U¾]ºZÉcÅ	¸Õ´½ÉcÅ	¸U·-ºeÔ)µUÇ]µÙÅ4/�Ó	Ô1ÊU´½»½ËÀ»½¾�µÙ»½Ô)¸U·JÓ�¼6Å�Ôf´¶µªÈ	Ê²Û�¾	»Üº>»½¼6¾
È5) Å	¾ ¾�¼6Å
Ç�¸Õµ6Å ·
��·Mº��UËÌ¸àÈ�¸à¹U´¶µÙ·)·)¸UÅ	Ô)·¥È�Ê�Ç�¼6´½Å~iÌ´.) µÙÓ	Ó�Ô1¼0/�»½Ëªµ¬ºe»½¼6¾�´½»½¾�ÊÕµÙ»½Ô1¸�Ó�µÙÔ¥ËÀ¼6Ô1¹U¸ÕµÙÅ�/ È	¸à×Ø¼6¾	¹�ºe»½¼]¾	·
¾
Å	ËÌÊÕÔ1»½ÉcÅ�¸U·ÕÁÆÐÎ¸ ¾�¼6Å
Ç�¸ûµÙÅ ·
��·Mº��UËÀ¸ Å�ºe»½´½»½·)¸ È	¸Õ·À¸U·Mºe»½ËÀµ¬º>»½¼6¾	·ÀÈ�ÊUÔ1»ÜÇ�ÊU¸Õ·ÀÈ	¸ ËÀÊ�º�h�¼cÈ	¸U·À·Mº>µ¬ºe»½·Mºe»½É
Å	¸U·ÀÈ�¸
Ô)Ê Ý Ô1¸U·)·)»½¼6¾�´½»½¾�ÊÕµÙ»½Ô1¸JË�Å	´Üºe»ÜÇ]µÙÔ1»½ÊU¸ ;Kû µÙ¼	Ä+ã0ü]â > @ Á	ÐÎ¸U·¯ËÌÊ�º�h�¼cÈ	¸Õ·ÎÓ�¸UÔ1ËÀ¸�º1º>¸U¾]º¯È�¸¥º>Ô1¼6Å
Çc¸UÔÎÈ	¸U·ÒµÙÓ	Ó	Ô)¼0/�»½ËÀµ�1
º>»½¼6¾	·¯´½»½¾	ÊûµÙ»½Ô1¸U·¯È	¸!×á¼6¾	¹²ºe»½¼6¾	·ÕÄ
¸�º¥·1¼]¾]ºÒÔ1¼6Þ�Å	·Mºe¸U·ÒµÙÅ�Þ�Ô1Å	»Üº¬Á � ) Å�ºe»½´½»½·eµ¬ºe»½¼6¾8È	¸!ËÌÊ�º�h�¼cÈ	¸Õ·Î·Mº>µ¬ºe»½·Mºe»½É
Å	¸U·¯È	¼]»Üº
Ó+¸UÔ1ËÀ¸�º1ºeÔ)¸ÀÈ�¸ Ý ÊUÔ1¸UÔ'È	¸U·'»½¾	×Ø¼6Ô1ËÀµ¬º>»½¼6¾	·'Ó�Ô1ÊU·)¸U¾]º�µÙ¾]º�Å	¾�¹Õµ6Ô)µÙ¹�º��ÕÔ1¸ª·Mºe¼
¹Mh�µÙ·Mºe»½ÉcÅ�¸6Á � µÙ¾	·'´¶µ ·)Å�»Üºe¸6Ä ¾�¼6Å	·»½È�¸U¾]º>»#Û�¼6¾	·Ì¹U¸ÕÔÚº>µÙ»½¾�·ÌÓ	Ô1¼6Þ�´-�UËÌ¸Õ·XÈ�»�ñÀ¹U»½´½¸U·ÀÓ�¼6Å�ÔX´½¸U·ÌËÌÊ�ºMh	¼cÈ�¸U·X·Mº>µîºe»½·Mºe»½ÉcÅ�¸U·ÕÄ3¸�ºÀ¾	¼]Å	·ÌÓ	Ô1¼]Ó�¼6·)¼6¾�·XÅ�¾	¸
ËÀÊ�º�h�¼cÈ	¸ZÅ�ºe»½´½»½·eµÙ¾]ºfÈ	¸U·-µÙ´ Ý ¼6Ô1»Üº�h�ËÌ¸U· Ý ÊU¾	Ê�º>»½ÉcÅ	¸U·¥Ó+¼6Å	ÔÒ´½¸Õ·¥Ô1ÊU·)¼6Å	È�Ô1¸6Á

+æ¼6Å�Ô�´.) µÙÓ�Ó	Ô1¼0/�»½Ëªµ¬ºe»½¼6¾|´½»½¾�ÊÕµÙ»½Ô1¸ªÓ�µÙÔ�ËÌ¼6Ô1¹Õ¸ÕµÙÅ4/|µÙÅ�ËÌ¼0��¸Õ¾�È	¸ª·
��·Mº��UËÀ¸U·�È�¸ª¹U´¶µÙ·)·)¸UÅ	Ô1·ÕÄ È�¸UÅ4/�Ó	Ô)¼�1
Þ�´-�UËÌ¸Õ·Ò·)¸àÓ�¼6·)¸U¾�ºj6

� Ó�µÙÔÚºe»#ºe»½¼6¾	¾�¸UÔX´.) ¸U·)Ó�µÙ¹U¸ È	¸U·ÌÊ�º>µ¬ºe·Ì¸U¾�·)¼6Å	·
1�¸Õ·1Ó�µÙ¹U¸U·ÌÈ�µÙ¾	·Ì¹Mh�µÙ¹UÅ�¾�È	¸U·)ÉcÅ�¸U´½·ÌÅ	¾	¸ µÙÓ	Ó�Ô1¼0/�»½Ëªµ¬ºe»½¼6¾
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´½»½¾	ÊûµÙ»½Ô1¸ ¸U·ÚºXÅ	¾	¸ªÞ+¼6¾	¾�¸ªµÙÓ�Ó	Ô1¼0/	»½ËÀµ¬ºe»¶¼6¾�Á¡Ð¯¸ªÓ	Ô1¼6Þ�´-�UËÌ¸ª¸Õ·Úº�¹Õ¸U´½Å	»ÆÈ�¸ª´¶µ È	ÊU¹Õ¼6Å
Ç�¸ÕÔÚºe¸ªÈ	¸ªÓ�µÙÔÚºe»½¸Õ·
! ���4"��#����� � Ó+¼6Å�ÔZÅ�¾�¸U¾	·)¸UË�Þ	´½¸ÀÈ�¸À¹U´¶µÙ·)·)¸UÅ	Ô)·àÞ�»½¸U¾�µÙÈ�µÙÓ
º>ÊOi ´¶µ Ô)ÊU·)¼6´½Å
ºe»½¼]¾�È	¸ÀÓ�Ô1¼6Þ	´ß�UËÌ¸ÀÈ5) µÙÓ41
Ó	Ô)¼0/�»½ËÀµîºe»½¼6¾
�

� Ê�º>µ6¾]ºÀÈ�¼6¾	¾	Ê8Å�¾	¸ ºe¸Õ´½´½¸8Ó�µÙÔÚºe»Üºe»½¼]¾�ÄæºeÔ)¼6Å
Ç�¸UÔÌ´½¸U·ÌÓ�¼6»½È�·XÈ�¸U·Ì×á¼6¾�¹�ºe»½¼6¾�·X´½»½¾�ÊÕµÙ»½Ô1¸U·À¸�ºn8�ºeÔ)¸8¹ÕµÙÓ�µÙÞ	´½¸
È*) ¸Õ·Úº>»½ËÌ¸UÔfÅ	¾�¸�¸UÔ1Ô1¸ÕÅ	ÔUÄ�È�¸�ËªµÙ¾	»-�UÔ)¸�iÀÓ+¼6Å
Ç�¼6»½Ôf¹U¼6Ô1Ô)» Ý ¸UÔf´¶µÀÓ�µÙÔÚºe»Üº>»½¼6¾�ÁKÐÎ¸�Ó�Ô1¼6Þ	´-�ÕËÌ¸�¸Õ·Úº!¹U¸U´½Å	»æÈ	¸´¶µÒÈ�Ê²Û�¾	»#ºe»½¼6¾àÈ	¸G´¶µÒ×Ø¼6¾	¹�ºe»½¼]¾àÈ	¸GÈ	ÊU¹Õ»½·)»½¼6¾àÈ*) Å�¾à¹U´¶µÙ·)·)¸UÅ	ÔUÄÕ¸²º È�¸G´¶µÒËÌ»½·)¸�iÒÈ	»½·)Ó+¼6·)»Üºe»½¼6¾àÈ5) ¸U·Mºe»½Ëªµ¬ºe»½¼6¾�·
È*) ¸ÕÔ1Ô1¸UÅ�ÔÒ·)Å	ÔÒ¹Õ¸�º1ºe¸à×á¼6¾	¹²ºe»½¼6¾�Á

þ ¼6Å	·qµÙ´½´½¼6¾�·3ËÌ¼6¾�ºeÔ1¸UÔ3¹U¼6ËÌËÀ¸U¾]º¡ºeÔeµÙ»Üºe¸UÔ3´½¸Î·)¸U¹U¼]¾	È�Ó	Ô)¼6Þ	´-�UËÀ¸¯µUÇ6µ6¾]ºqÈ5) Ê�Ç�¼cÉcÅ�¸UÔ¡´¶µJ·)¼6´½Å
ºe»½¼]¾�ÉcÅ�¸Î¾	¼6Å�·
¸U¾]Ç	»½·)µ Ý ¸U¼6¾	·-Ó�¼6Å�ÔÎºeÔ)µÙ»Üº>¸UÔÒ´½¸àÓ	Ô)¸UËÌ»½¸UÔÕÁ

ÿ ì�è0ë,è é[ì$íDç
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