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π
�
πt(s, a) = Pr(at = a/st = s)
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a = action
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Rt = rt+1 + rt+2 + ... + rT
C � Z � L

%�`.�85
T
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Rt = rt+1 + γrt+2 + γ2rt+3 + ... =
∞
∑

k=0

γkrt+k+1
C � Z � L

%�`.�85
γ, 0 ≤ γ ≤ 1,

�G' !}-/�~!J%�;Rc)#�f �G'*5"�.N<�R!*�QZ(Xe;�2/`@%�&P!�-6%S`�%.-9�8;��l#R�
γ
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court terme 0← γ → 1 long terme
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Rt =
∞
∑

k=0

γkrt+k+1
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P a
ss′ = Pr{st+1 = s′|st = s, at = a}, Ra

ss′ = E{rt+1|st = s, at = a, st+1 = s}
C � Z ^PL
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s, s′
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A(s)
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π

V π(s) = Eπ{Rt|st = s} = Eπ{
∞
∑

k=0

γkrt+k+1|st = s}
C � Z [ L

V π(s) =
∑

a

π(s, a)
∑

s′

P a
ss′ [Ra

ss′ + γV π(s′)]
C � Z \ L
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π ≥ π′ ⇔ V π(s) ≥ V π′

(s) ∀s ∈ S
C � Zih�L
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V ∗(s) = max
π

V π(s)
C � Z _ L

�t%S`@%�-/�";��o5"�.���*�G':�>�.&1#�%�&P!l%�;�5JV��.29c^#gf ;�&��W%.5d!*2/�.&�#�%�&1'};�&�4d!�%�!k%�`.�G5k;�&(�W�1�Q-929!*26�P;��
π

�G' !o-/�u�*�"!*�.;(�%@!*!*�8&(#R;��"&��(%.�:!J%�&P!}#��y5d�d!o4"!�%�!}�8&����*�8&(%�&P!o5d�"!:!��y%.5�!�29�Q&^�"!o�"&�':;(29`@%�&P!o-6%O�1�Q-929!*26�P;��
π

i
	 ����9:��,-�.� � *H<-�)�8!E�k> � 9`��,B��� 2k�.�8!E<-* � �.<-, ��,-Y����

π

Qπ = Eπ{Rt|st = s, at = a} = Eπ{

∞
∑

k=0

γkrt+l+1|st = s, at = a}
C � Z PQL

�v�.;R!^5"�.N<N<�A�>�.;��^-/%BmM�Q&(5�!�29�Q& `@%�-/�";��_#gf 4"!�%�!8�]#(%�&(')-9�,5"%.'$��� 2/-~� %�;��J%�29!$��-/;('*29�8;���')�1�Q-929!*26�P;��8'�.��!*2/N<%.-9�G'"�R�8-9-/�8'}�1%��*!�%�+Q�"&P!}-/%<N<�"N<�|mM�.&15�!*2/�.&�`@%�-/�";(�o#gf %Q5�!�29�Q&�i
Q∗(s, a) = max

π
Qπ(s, a) ∀s ∈ S et ∀a ∈ A(s)
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V ∗(s) = max
a∈A(s)

∑

s′

P a
ss′ [Ra

ss′ + γV ∗(s′)]
C � Z �.� L

Q∗(s, a) =
∑

s′

P a
ss′ [Ra

ss′ + γ max
a′

Q∗(s′, a′)]
C � Z �G� L
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π∗(s) = arg max
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Q∗(s, a)

C � Z �8� L
��
�� � <�,5�$��!�� ,5% ��) <�� !�.'83! ,5%Q���
U�V��+V2X � � �]^ ��� b	��
 �
��� \�� `�^�
 �����]`c\�� d e

�|%�&('|5d�b! �P�>�<#R�b�����.0(-@N8NO�Q�>7^5JV(%.�P;��b!*�Q;��~2/-q�A%
n

5JV��Q23c=�>�Q'�':2/0�-/�8'8�1�"!|5JV(%Q�Q;(�S5JV��Q23c=�8':!|%.���>�"-/4;�&��|%.5d!*2/�.&�ZQ�q�Q;��]5JV1%.�P;��o%.5d!*2/�.&��Q&)%W;�&��k�*4G5d�.N<�>�"&('*�.�P�P;�2>%.;$#R4"�1%��*!��8':!]2/&(5d�Q&�&e;��.ZP�rf �.0R� �G5�!�23mg�8':!�#��N�%@cR2/NO26'*�"�u-/%^��485d�QN<�1�8&(':�O':;(�|-/�<-9�Q&�+^!*�"��N<�_C���-/;('W#R� � SIS`S � �";Rc(L�Zg���Q;��u�*4G':�Q;(#R���b;�&�!*�8-\���*�Q0�- N"N<�-pf %.�������"&P!*26'*'�%�+Q�o�(%.�]���"&RmM�Q��5"�"N<�"&P!��8':!]!��ONG'�2/&P!*�"���8'�'�%�&P!8�P�"&^�dTU�d!}29-Um�%.;R!}7b-/%bmM�.26'��dcR��-/�.���"��#R�~&(�.;�`Q�"-/-9�G'%.5d!*2/�.&('WC��1�Q;��l�"&�5d�Q&�&(%.23!��*�u-/�8'}��485d�QN<�1�8&(':�G'}%.'�':�R5d2/4"�G'�Ld�eN<%.2/'}48+Q%.-9�8NO�8&P!��"ce�(-9�Q23!��"�l-/�8'l5d�Q&�&(%.2/'�'*%.&(5d�G'#R�G'q� �";Rc_���*4G5d4G#R�"&P!�'8Z

b '�� ���X���K2 *A!K*H9:��,B����� �+*H<-�)�8! g &�;R!�29-/2/'*�_2/5"2�5"�.N<N<�^%��(���*��cR2/N�%@!*2/�.&�#�f ;�&(�)`@%�-/�";��<#gf ;�&���%.5d!*2/�.&%��(�ONG'
t

�"ce�>4"��2/�"&(5"�8'$;(&���N<�@�Q�"&�&���#R�8'^�*4G5d�QNO�>�"&1':�G'$�.0�!*�"&e;��G')�>�.;(�_5"�d!:!��,%Q5�!�29�Q&���#�4dh(&�2/�8'^�(%.�)-6%mM�.��Nb;(-9�<i
Qt(a) =

r1 + r2 + ... + rka

ka
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ka→∞

Qt(a) = Q∗(a)
C � Z ��[ L
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at = a∗

t = arg max
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Qt(a)
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1 − ε
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eQt(a)/τ
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b=1 eQt(b)/τ
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πt+1(at) = πt(at) + α(1− πt(at))
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πt+1(at) = πt(at) + α(0− πt(at))
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0 < α < 1
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Qk+1(a) = Qk(a) +

1

k + 1
[rk+1 −Qk]
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NouvelleEstimation = AncienneEstimation + Pas ∗ [But−AncienneEstimation]
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[But−AncienneEstimation]
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Qk = (1− α)kQ0 +
k

∑

i=1

α(1− α)k−iri
C � Z �.� L
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ePt(a)

∑n
b=1 ePt(b)

C � Z ��� L

pt+1(at) = pt(a) + [rt − r̄t]
C � Z � ^eL

r̄t+1 = r̄t + α[rt − r̄t]
C � Z �`[ L
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a∗

t+1 = argmaxaQt+1(a)

g &�%�-/�.�J']-6%O�����.0(%.0�29-/29!*4W#R�y5JV��Q2/'*29�}-pf 4"!�%�!
a∗ i

πt+1(a
∗
t+1) + β[1− πt(a

∗
t+1)]

C � Z �:\ L
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πt+1(at+1) + β[0− πt(a
∗
t+1)]
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5d�.&1':26' !��|7<58%�-65d;�-/�"�o'�%SmM�.&(5d!*2/�.&_`�%.-9�8;��o#gf 4d!J%@!
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∀s ∈ S, V π(s) =
∑

a

π(s, a)
∑

s′

P a
ss′ [Ra

ss′ + γV π(s′)]
C � Z � L
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Vk+1(s) =

∑

a

π(s, a)
∑

s′

P a
ss′ [Ra

ss′ + γVk(s′)]
C � Z � L
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V (s) = 0 !<; &<=>3�(5( s ∈ S+

� Z.?�$8�'$@3 �
∆← 0A &<=�$ 34+4"

s ∈ S
v ← V (s)
V (s)←

∑

a π(s, a)
∑

s′ P a
ss′ [Ra

ss′ + γV (s′)]
∆← max (∆, |v − V (s)|)B � �9*�(

∆ < θ C 3.DFEG3�(5(H�'&�D�* �9* 26$%����E.0'$'=JI
� ZGKG�@�#��� �

V ≈ V π
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a 6= π(s)
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V π(s)
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Qπ(s, a)
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Qπ(s, a) =
∑

s′

P a
ss′ [Ra

ss′ + γV π(s′)]
C � Z � L

{ �(�1�8-9-/�.&('
π′ -/%^�1�Q-929!*26�P;��<2/#��"&P!*26�P;���7^-6%^�1�Q-929!*26�P;��

π
'�%�;Rm��1�Q;��u-jf 4d!J%@!

s
�����Q&�5JV��Q2/'*23!

a
%�;,-/29�8;,#R�

π(s)
Z g &_%<%.-9�Q��'}�P;��u-/%<�>�.-/29!*26�Q;(�

π′ �8':!lN<�"2/-9-/�";����$C�%.;_'*�"&1'}-/%.�*+Q�GL��P;��u-/%O�>�.-/23!�2/�P;��
π

':2t�.&�%^i
Qπ(s, π′(s)) ≥ V π(s)

C � Z ^PL
[]�85"2}�8':!O-6%�5"�.&('*48�P;��8&(5d�_#R2/�*�G5�!*��#R; !*V�48�.� N"N<�_#�f %.NO48-92/�.�J%@!�29�Q&�#R���1�Q-929!*26�P;����Q;(2}#�23!$�P;��_�1�Q;��O!*�.;�!5d�Q;���-/�y#R�W�>�.-/23!�2/�P;��b#�4d!*�8�*N<2/&�26' !��8'

π
�d!

π′ � π′ �8':!k%�;('�'*2�01�Q&�&��W`Q�.2/�*�uN<�"2/-9-/�";(�*�y�P;��
π

CM2pZ �.Z
π′ ≥ π

Lo':2�>�.;��}!��.;R!
s ∈ S

�
Qπ(s, π′(s)) ≥ V π(s)

C � Z [ L
�r&Rh1&��('*2>-6%S�1�Q-929!*26�P;��

π′ �8':!l%.;('�':2U0>�.&�&��|N�%�26'}�(%.'�N<�"2/-/-9�8;��*�u�P;��
π
��%�-/�.�J'

V π = V π′ �R�d!o5d�QNON<�|�.&_%;�&��W�>�.-/29!*26�Q;(�W+.-/�.;R!��.&�&��|�>�.;��
π′ ���Q&_%O�>�.;��l!��.;R!

s ∈ S
i

V π′

(s) = max
a

∑

s′

P a
ss′

[

Ra
ss′ + γV π′

(s′)
] C � Z \ L

��V2X V�� �1eIZ_^a`$ead�� \ ���7b@` � � b2d@eId �����
�\!J%�&P!S#R�Q&�&�4)5"�)�P;��$-pf �Q&,`e2/�"&P!S#R�)`.�.2/�G��;�&��)5"�.&('*48�P;��8&(5d�$'*2/NO�(-9�$�"!O#R2/���85�!����d!<#R�$�(%.�:!�29�b#�f ;�&(��>�.-/23!�2/�P;��

π
�e#R�o-pf 4"`@%�-/;��"���"&$5"%.-/5";�-6%�&P!

V π �P;�21'*�"�*!]7|!��*�Q;�`.�8�\;�&��kN<�829-/-9�8;����l�1�Q-929!*26�P;��
π′ �1�Q;���-6%.�P;��8-9-/��.&_�>�";R!k%.;('*'*2�5"%.-/5";�-/�"�

V π′ Z g &��1�8;R!k#R�.&15~;�!*2/-926':�8�l-/%<'*48�P;��8&(5d�W'*;�29`@%.&Q!��u�1�Q;��}!*���.;�`Q�"�};�&��W�>�.-/29!*26�Q;(��.��!*2/N<%.-9�
π∗

i
π0

E
−→ V π0

i
−→ π1

E
−→ V π1

i
−→ π2

E
−→ . . .

I
−→ π∗ E

−→ V ∗ C � Z h.L
�rf %�-/+.�Q�*29!*V(NO� � Z � C��(%�+Q� � h�L)�1�8�*N<�d!=#R�Q&(5�#���!��*�Q;�`.�8�^;(&����>�.-/29!*26�Q;(�,�Q�R!*2/N�%�-/���8&�;�& &��QNb0����#gf 23!�4"�J%@!�29�Q&('}+.48&�4"�J%�-/�"N<�"&P!�!*� N8'�m�%.290�-/�.Z

��V2X V�� �1eIZ_^a`$ead�� \ ��� 	�`�b����F^
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Vk+1(s) = max
a

∑

s′

P a
ss′ [Ra

ss′ + γVk(s′)]
C � Z _ L
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���������%�� 4 { -9+Q�.��23!�V�N<�W#R�W�1�Q-929!*26�P;��W29!*4"�J%@!�29`Q�� Z����8* �9* 3�( * :F3 �9* &)�
V (s) ∈ <

3��67
π(s) ∈ A(s)

3'= 0'* �#= 38= ( , ; &<=>3�(5( s ∈ S

� Z��)&)( * +-,1$F263�(5�43 �9* &)�?�$8�'$@3 �
∆← 0A &<=�$ 34+4"

s ∈ S
v ← V (s)

V (s)←
∑

s′ P
π(s)
ss′

[

R
π(s)
ss′ + γV (s′)

]

∆← max (∆, |v − V (s)|)B � �9*�(
∆ < θ C 3.DFEG3�(5(H�'&�D�* �9* 26$%����E.0'$'=JI

� Z��)&)( * +-, *�E �'= &82 $8E $'� �
policy − stable← true
; &<=�$@34+4" s ∈ S

b← π(s)
π(s)← argmaxa

∑

s′ P a
ss′ [Ra

ss′ + γV (s′)]* ; b 6= π(s)
�#" $8�

policy − stable← false� ; policy − stable ! �#"6$'�.D/�/&H���<$8( D $��8& �/&��


���������%�� % { -9+Q�.��23!�V�N<�W#gf 29!*48��%�!*2/�.&_`@%�-/�";��J'� Z����8* �9* 3�( * :-$
v
3'= 08* �#= 38=J*�( , ! $	� �
� ! V (s) = 0 ; &<= 3�(5( s ∈ S+

� Z ? $'�'$ 3 �
∆← V (s)A &<=�$ 34+4"

s ∈ S
v ← V (s)
V (s)← maxa

∑

s′ P a
ss′ [Ra

ss′ + γV (s′)]
∆← max(∆, |v − V (s)|)B � �9*�(

∆ < θ C 3.DFEG3�(5(H�'&�D�* �9* 26$%����E.0'$'=JI
� ZGKG�@�#��� � 3 7�$-�/$8= E�*��'* D �9* + �'&H( * +#, ! π ! D-�4+4".�#"43 ���

π(s) = arg maxa

∑

s′ P a
ss′ [Ra

ss′ + γV (s′)]
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� Z �"h �X��*A���)( � �t�W&��.NS0��*�u#gf 4d!J%@!�'bCM;�&��y5"�.&(':!�%.&P!*�GLdZ
� Z �"h � 9:��,-�.�0( � ���W&(�.Nb0(�*�u#gf %.5�!�29�Q&('}�>�Q'�':2/0�-/�8'WCM;(&��y5d�Q&(' !J%�&P!*��L�Z
� Z j !#*+��(��"!#�ih � �A%@!��*265d�A#R�G'������.0(%.0�2/-929!*4G'$#R�=!���%.&(':29!*2/�.& �8&Q!��*�=-/�8'$4d!�%�!�'ai

TransProb(a)(i, j)�*�8���*4G':�8&P!*�|-/%O�����.0(%.0�2/-929!*4W#R�u�(%Q'*'*�"�o#R�u-pf 4"!�%�!
i
7O-jf 4d!J%@!

j
�8&^�"T>�G5�!�;(%�&P!o-pf %Q5�!*2/�.&

a
Z

^1Z � ��� *A!#��( �a%@!*��265d�u#R�8'}��485"�.N<�1�8&('*�8'~i
Rewards(a)(i, j)

���"�(�*4G':�8&Q!��k-6%b��485"�.N<�>�"&('*�~�Q0R!*�8&e;��~�8&�(%.'�'*%.&P!}#R�W-pf 4d!�%�!
i
7O-jf 4d!J%@!

j
�8&=%��Q%�&P!}�dTU�85d!*;�4W-pf %Q5�!�29�Q&

a
Z

[ Z�� *+JUJU*/� �t%<`@%.�*26%�0�-/�
γ

;R!*2/-926'*4"�y#�%.&('}-9�G'o%�-/+.�Q�*29!*V(NO�G'"Ze�r-/-/�y#R�.29!}�"!*���y5d�QNO�(�*26':�|�"&_!��*� S �d! � Z
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Prob(a, s)
�*�8����48'*�"&P!*�=-6%������.01%�0�2/-929!*48�a#R�,5JV��.26':2/�-jf %.5d!*2/�.&

a
�d!k#gf %�-/-/�"�o#�%�&1'}-jf 4d!J%@!

s
Z

hRZ � 9`��,B����(
�
�X��*A���)(+� �A%@!��*265d�o#��8'r%Q5�!*2/�.&1'\�1�P'*'*2/0�-9�G'li

Actions � States(s, a) = 1
':2(-jf %.5d!*2/�.&

a
�G' !�1�P'*'*290(-9�W#�%.&('}-jf 4d!J%@!

s
�"!

Actions � States(s, a) = 0
'*2g-jf %.5d!*2/�.&_�8':!o29N<�>�Q'�':2/0�-/�.Z

_ Z�� !7,B� � � %���2/%.0�-/�b':�>485"23h>�Q;(�O%.;Rc=�dcR�"N<��-/�8'|':�S0(%.'�%�&P!u':;��u#R�G'k+Q�*2/-9-/�8'8ZgXe2
Grid = 1

-6%$+.��2/-9-/�b�G' !#R;_! �P�>�y#R�W#R�8NO�
�
+.��2/#,C�#��";Rc�5"%.'*�8'}#R�y'*�.�*!*2/�W#R�W-6%S+Q�*2/-/-9��L��d!k'*2

Grid = 2
-/%O+Q�*2/-9-/�u�8':!k#R;_! �e�1�#R�W#R�"N<�

�
+Q�*26# � Z

P(Z j *+,B<-<B�
�
� !#,-<B<-� � � %.�*26%�0(-9�W�P;�2g��4"����48'*�"&P!*�~-/%O-/�.&�+Q;��";(�}#��|-6%O+.��29-/-/�OCj�Q;(2g�8':!l'*�"&1':48�|�"!*���|58%����*48�GLdZ

��
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��V��+V2X � �(g�� ` � ^3� g
� ����9`<B��( 5 � ����,-�)( { �(�ONG'b5d�8�:!J%�2/&('W!��8':!�'S':;��S-9�G'S%.-9+Q�.��23!�V�N<�8'W2/-]'8f �8':!O%�`.48�*4��P;��_':�8-9�Q&�-/%=�>�.-/29!*26�Q;(�2/&�23!�2/%.-9�=2/-o�>�.;�`@%.23!)��%�`.�Q29�<;�&��=0>�.;15d-/�=29&Rh1&�29�QZ { 29&('*2o�>�.;��^�rf � �+*+<B�0*+��,-�.� ���
� ��<B, ��,-Y���� �d!$�>�.;��
5 ��'I!#*A��,-�.� ���/<-* 2l��<B, ��,BY��0� &��.;1'S%�`Q�.&('W�J%@� �Q;R!*�8�y;�& 5"�.N<�R!��";��O�Q;(2]�>�"��N<�d!O#��)-/29N<29!*�"�O-/�)&��QNb0����#gf 23!�4"�J%@!�29�Q&('l7<;�&=&��QNb0����|h�cR4y7<-jf %�`@%�&(5"�.ZR�r&A58%.'l#R�b#�4"�(%Q'*'*�"N<�"&P!o#R�y5"�y5d�.N<�R!��";��G��-pf %.-9+Q�.��23!�V�N<�u�8':!%������d!*4|�d!o-pf ;R!*2/-926'�%@!*�8;��l�8':!k%�`.�8�:!�2U�(%��l;�&�N<�8'�'�%�+.�u'*�14G5d29h1�P;��.Z
� *+<-�)�0!#( 5 �����I!#JU')��,-*+,-!#��( ��f ;(&a#R�8'k�����.0�- N"N<�8'~#R�8'|%�-/+.�Q�*29!*V(NO�G'l4d!J%�2/�"&P!|�P;�f %�;aNO�QN<�"&P!~#R;a58%�-65d;�-#R�G'

V (s)
�1%��l;�&��ymM�.��Nb;�-/�W#R�y��485d;(�*���"&(5"�.�e-6%<N<%�!*��2/5"� � Cj'�L}&tf 4"!�%�29!o�(%Q'o'*%.;�`.�8+Q%.��#R4Q�R5d�y�P;�2��8&Q!���%.29&1%�29!#R�G'��8�*���";��J'r#R�|5"%.-/5";�-/'8Z.��&)�dTU�d!�-/%ymM�.��Nb;�-/�o�G' !�0(%.'*4"�k'*;��];�&��k��485";����*�8&(5d�l�8&Q!��*�~-9�G'

V (s)
#R�~-jf 29!*4"�J%@!�29�Q&����485"48#R�8&Q!��}�1�Q;��r5"%.-/5";�-9�8��-/%|&��Q;�`.�8-9-/�}N<%�!*��2/5"�.��#R�Q&(5}%�`@%�&P!�5JV1%.�P;��}23!�4"�J%@!�29�Q&S�Q&O'�%�;�`Q�"+P%��J#R��-6%|N<%�!*��2/5"�

V
'*�.;('�;�&��WN�%�!*��2/5"�

V � old
�d!o�Q&^���"N<��-6%.5"�

V
�1%��

V � old
#�%�&('}-6%SmM�.��Nb;�-/�.ZR�\%.�l�dcR�"N<��-/��i

S1 = Prob(a, s) ∗ (TransProb(a)(s, :) ∗ ((Rewards(a)(s, :))′ + Gamma ∗ (V (:, 1)))
C � Z PPL

#R�8`P2/�"&P!yi
S1 = Prob(a, s) ∗ (TransProb(a)(s, :) ∗ ((Rewards(a)(s, :))′ + Gamma ∗ (Vold(:, 1)))

C � Z ��S L
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V (s1 · · · sNbrEtats)→ V











s1 · · · sn

sn+1 · · · sn+kZZZ Z Z Z ZZZ
sn+k · · · sNbrEtats











C � Z �.� L

[]�d!*!*�l�����R5d4G#R;�����'8f %.�1�8-9-/�Wi <-,B( � 4 JK*A� !#, � Z��r-/-/�l���*�8&(#S�"&�%���+.;�N<�8&Q!�;�&��l-/26' !��o#R�.&(5�-6%~!�%�2/-/-9�}�8':!r;�&�5"%.�*��4�(%.�:m�%.23!G�R�d!o���"&e`.�Q29�|;�&��uN�%@!��*265d�W5"%.�*��4"�u'*�"-/�.&_-/%SmM�.��Nb;(-9�<i
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ρ← ρ + β[r − ρ + γ maxa′ Q(s′, a′)−maxa Q(s, a)]
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V � � �
�
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/���0 �2143517698;:<6>=?:@6>Ae�CBED:��0FAG1(�@HI=GJK8MLN1���OMO/�2P<�2QRL�DS1ITU1IQ"LV=WJKO/��=G1"XZYKX\[]3R��15Y^0FAG1���1KTVD2_I`]�"�>�2Qa3K=WQRL�b8;O\��DSLu�cA?DdDN8MJKO/�e3R�<0FAG1���T'DS1ITf3���DfgGTd8;OMO/��D|�KO;1IDfgGTV=WQa3R��DihM�a=GD@jkAGTV:%l�PO��QRL^:�=WTdTNl8��DVm bcPe=W8nD^:d�2On=+Q��e:VHI=WQKgQ�Td89��Qo[pOn=qPil2LNHKA53R�73R�4TNlrDSA?OM15Ld8MA?Qo351Å�KTNA?JKO;s2P<�G_t`�HI=GuR1��v0FAG1(�21KT@0FAG1��7=WOML*��TNQa=ZLN8;w.��P<�2QRLb�%L<�cA?D*�+1KQ(�x Pi=GTduR1��%y^DN1KTz1IQ��v:�=GD*�^OM8;JKT��G_c{<l�QKl2TV=WO/�2P<��Q?LrbI1KQ(�\Pe=WTVuR1��W��DSLE1KQ��]:%TdAG8MY^�cAG1KT@1KQe0FA?1��21KT~�%LE1IQqTNA?QI3�cAG1KTzO}| =W15LdT*�?_I/�=��a=WTNLN8/�'D:�fL��2TdP]8;Q��\uR1I=GQI341KQi0FAG1(�21KTE=iTdl21aDNDN8�[e=WO;8;gGQ���TEXiPe=WTVu?1(��D^hkA?1=�KO;1IDEDN1KTz1KQ(�gGTd8;OMO/�]�IOM1ID�g?Td=GQI3R�Cm.HKA?TN8;~2A?QRLd=WO/�2P<��Q?Lrb�wQ�2TNLN8n:2=GO9��PO��QRL#A?1]358n=Wg?AGQI=GO9��P<�2QRL�_C/��#0 �21O�>�215L�=G1IDNDN85D:�U�IQI8MTt=CwQ��:1KQ xN� TV=C�Uy bW:W| ��DSLS��[Z��358MT���uR1I=WQI3i=G1I:%1KQf0FA?1��21ITtQ.| =fg?=Wg?QKl}�%L�uR1���On=^g?TN8;OMO/�}��DSL��KO/�28;Q��G_R�zA?1ID\�cAG1Kw?AGQID�w?AG8;TDN1KT�O;=v�Ig?1KT�� \ _M�u�KO;1IDN89��1KTVD�:2=GD}�cA?DdDN8MJKO/��D�_

�;�%���>�r��� ���������� ���C� � �;�Z���R����� �r�S�r�� � �F� ���F¡q�S��� � ¢£��%�V� �C¤ �
�M�d�R�R�¥��� �r�S�r�K� � �F����F¡a��� �C�C¡¦�t�%�V� �r¤%� �M�W�¨§#�C�F�C����� �C�F�C��?© �«ªr�¬�%�V� �r�S�F�­ © �F¡�®.�r�f¯#���S°t�

±U²k³�´ \ _;�@µ�¶·YR�2P<�KO/��Dz3R�U0 ��15Y4351¸698n: ��6>=?: ��6�Ae�

���V¹ º¼»��>$'½%*"!>�%$'&¾�4¿'�¼ºÁÀ
Â9Ã�Ä�ÃSÅ ÆÈÇ(g¥É¦Ê dFË]eIdSÌ�ÍÁÎzÇ7b@`ÐÏÒÑ eKÓEÌ9ÎEÇ

�zA?1ID4=WO;OMA?QID"1KLN8;OM8nDSÔ�T71KQKÔÕP]l2LNHKA535ÔÖ3¨| =����ITNÔ�Q?Ld8;DdDd=WgGÔa�I=WT4TNÔ�Q5jkAGTV:%Ô�PiÔ2QRL435ÔÕPe=WQK8;s2TdÔ×[Ø=CwGA?8MT+1KQ0FAG1IÔ21KT<8MQRLdÔ2O;OM8;gGÔ�Q?L^:2=.�I=WJIOMÔ]3¨| l�w¥8ÙLdÔ2Tf35Ô�D|�K8;s2g?Ô�D�_aÚ�AG1IT<:2Ô2On=�QKA?1ID@3KÔ2wGA?QID<35l%�IQI8MTf1KQKÔvjkAGQa: LN8;AGQob
V

b¦uR1K8�cAG1KTf:VHI=GuR1KÔ\l%Ld=WLf3K1e0FÔ21Õ=GDdDSA5:%8;Ô2TV=i1KQKÔvwZ=WO;Ô21KT<8MQa358;uR1I=GQRL@On="35lrDS8;Td=GJK8;OM8MLNl]35Ô\O}| l2Ld=WL�_¨ÛzQql2Ld=WL<ÔrDFL<JK8MÔ�QÔ2QRLdÔ2QI351+1KQKÔ^:%A?Q5�Ig?1KTd=WLN8;AGQ��cA?DdDS8;JKO;Ô<3KÔ@On=\g?TN8;O;OMÔ?bRÔ2L
V

�cÔ215L�Ü%LdTNÔ<On=b�KTdAGJa=WJK8;OM8MLNl<35Ôfg?=GgGQKÔ�T�[S�I=WTNLN8;TU3KÔ
ÝSÞ ���C¡.�F� ß�ßU�C�r¤Sß��F�%®.�VªCªW�F��¤�àf� ��ªC��� �

^RX
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:%Ô2Lzl%LV=ZL�_
¶tw¥8n35Ô2PiPiÔ2QRL�b5QIAG1ID9:%A?QKQI=G8;DdDSA?QID�[S�KTd8MA?TN8¨:2Ô%LSLdÔ~�ITNA?JI=WJK8;O;8ÙLdl<uR1KÔu�cAG1KT9O;Ô�DUl%LV=ZLdD�LdÔ2TdP]8;QI=G15Y¨bRA65"O}| A?Q=

V (s) = 1
DS8�O}| l2Ld=WLiÔrDFLegR=WgGQa=WQRL�b#Ô%L

V (s) = 0
DN8UO}| l%Ld=WL�Ô�DSL��aÔ�Td3K=GQRL�_�¶tQ :2=?D]3KÔ � TV=C�^b·AGQ �cÔ21KL:%A?QIDN8;35l�TNÔ�TUuR1KÔ<O}| A?Q+=]l2w¥8MLNl<OMÔ|�K8;TNÔ?b5Ô%L9AGQ_�aÔ�15L�P]Ô2LSLdTNÔ

V (s) = 1
_I`�Ô2On=vwC=vQKA?1ID��aÔ�TNPiÔ%LNLNTdÔ<3.| =Cw?AG8;T�1KQ=Wg?Ô2QRLtuR1K8I:VHKÔ�Td:VHKÔ�Td=@[fQKÔ�0S=WPe=G8;D��cÔ2TV35TdÔGbWPe=W8nD��I=?D#jkAGTV:%l2PiÔ�Q?Lt[fgR=WgGQIÔ2Tr_$7k�KTds�D·:VHI=?u?1IÔ��a=WTNLN8;ÔGbWA?QS�cÔ215L35A?QI:<P]A5358M�IÔ�TzOMÔrD}�KTdAGJI=GJK8MO;8MLNl�D�3KÔ<gR=Wg?QKÔ2T}�cAG1KTz:VHI=?:%1KQ735ÔrD9l%Ld=WLdD�8;QRLNÔ�TNPil�3K8;=G8MTdÔ�D9=CwGÔr:EOn=vjkAGTdP\1KO;Ô98

V (s) = V (s) + α[V (s′)− V (s)]
h \ _;�rm

=CwGÔr:
s′

O}| l%Ld=WLE:%A?1KTd=GQRL�b
s
O}| l2Ld=WL}�ITNlr:%l�3KÔ2QRL�Ô%L

α
1KQKÔW�cÔ%Ld8ÙLdÔ^jkTV=G: Ld8MA?Q)�cA?DN8ÙLd8Mw?ÔG_

�zA?1ID�:VHKA?8;DN8;DdDNAGQID93¨| 8MQI8ÙLd8;=GOM8nDSÔ�T
V

[9:K_<;y�cAG1KTzLNAG1aD9OMÔrD9l%Ld=WLdD�QIAGQ+LNÔ2TdPi8MQa=W15Y¨_
= Q_�aÔ�15LEQKAGLNÔ2TzuR1KÔW�cAG1IT�1KQ]0FAG1KÔ�1KTE35A?QKQKlGbKDNÔ21IO.O�| l%LV=ZLE=.�KTNsrD�DSA?Q43Kl"�KOn=G:2Ô2PiÔ2QRLz8;PO�cAGTNLNÔ?b5AGQ��I=GTNO;Ô35A?QI:+3.|?>A@CB0DFECGHB0>IB0D2_t/t| =Wg?Ô2QRLi3KAG8MLi35A?QI:435l%LdÔ2TdP]8;QKÔ�Ti[Õ:VHI=?u?1IÔ+l2Ld=��cÔ¸uR1KÔ2O9PiAG1Kw?Ô2PiÔ2QRLiOM1I8l�aÔ�TNPiÔ%LNLNTV=3¨| =ZLNLNÔ28;QI35TdÔ]O�| =Zj LdÔ2TVDFLV=ZLNÔ]=CwGÔr:'On=)�KO;1ID<gGTV=WQa35Ô\wZ=WO;Ô21IT�_.`�Ô"�cÔ2QI3I=WQRLf:2Ô]:VHIAG8MY7g?OMA?15LNA?QqÔ�DSLf8MQIDN1!J�Dd=WQRL<Ô�Q�KHI=?DSÔ^3¨| =��(�KTNÔ�QRLN8nDNDd=Wg?ÔGb¥:2=WT�Ô�Q^�ITNA5:%lr3K=WQRL�=W8;QIDN8�b5QKA?1ID9Q.| Ô%YR�KO;AGTdÔ2TdAGQID��I=?DULNA?1ID9OMÔrD9l%LV=ZLdD�_K�zA?1ID�35Ô�wGAGQaD35A?QI:'8;QRLNTdA¥3K1K8MTdÔv3KÔ�D@P]A?1KwGÔ�PiÔ2QRLdD@Ô%YR�KO;AGTV=ZLdAG8;TNÔrDl�aA?1KT<O;=)�KHI=GDNÔv3.| =.���KTdÔ2QRLN8nDNDd=Wg?ÔG_c`�Ô2LSLdÔvPil%LdHKA535Ô]Ô�DSL:%Ô�OMO;ÔfÔ2P<�KO;A.KGl�Ô|�a=WTML¥Ô�JI=GDSLN8n=WQ
L¥8;Ô2gGÔ�O¨OMA?TdD935Ô'DNAGQ_�KTdAW0FÔ2L�DN1KT�O;Ô^698;:%� 6#=G:%� 6>A¥Ô�NZ_

Â9Ã�Ä�Ã�Ä OÕÌ�ÏÒËEÊKÇ(gfgfdFÌ�ÍÁÎEÇ(g Ñ_ef`$eag
/.Ô~�KO;1ID9DS8;P<�KOMÔ|�cAG1KT9gGl�TNÔ�T

V
Ô�DSL93KÔ@Pe=W8;QRLNÔ�QK8MTU1KQKÔ@Ld=GJKO;Ô<35Ôf:%A?TNTdÔ�D*�cAGQI3K=GQI:%ÔvhkO;ARA6P¥1��5Ld=GJKO;Ôrm�Ô2QRLNTdÔO;Ô�D'l2Ld=WLdD'Ô2LvO;Ô21KTvwZ=WO;Ô21KT]35Ô

V
_·`�Ô"�cÔ2QI3I=WQRL�b�:%Ôr:%8��cA?DNÔ�1KQ �KTNA?JKO;s2PiÔGb.On=7LV=W8;OMO;Ô+35Ô+:%Ô%LNLNÔ+OMA¥A2P¥1��KLd=WJIOMÔ?_Ú�AG1KT�1IQKÔ'gGTd8;OMO;Ô^XZYKX]QKAG1ID�=Cw?AGQID935lS0S[�; _6Q :vl%Ld=WLdD�bKÔ%LEDN8.A?Q7=G1KgGPiÔ�Q?LdÔfO;=vLd=G8MO;O;Ô'35Ô^O;=ig?TN8;O;OMÔ?bK:%Ô^QKA?P\JKTdÔ3¨| l%LV=ZL�=W1Kg?P]Ô�QRLNÔ@3KÔ@Pe=WQI8Ms�TNÔ<35Td=?DFLd8;uR1KÔ?_?Ú�TNA5:%lr35Ô2T9=W8;QIDN8¦wC=v35AGQa:@35Ô�Pe=WQI35Ô�T�JcÔ�=G1I:%A?1��+3KÔ@Pil2PiA?8MTdÔEÔ2L=W1aDNDN8¨JaÔr=W1I:2AG1��735ÔfLdÔ2P<�ID@`�Ú�Û\_

] O¦Ô�DSLl�aARDNDN8MJIOMÔf35ÔfTNlr351K8;TNÔf:%Ô<QKA?P\JKTdÔ<3.| l2Ld=ZLVD9Ô2Q+15LN8;OM8nDd=WQRL�OMÔrDUDRK¥Pil%LNTd8;Ô�D935ÔfO;=vgGTd8;OMO;ÔG_I`�AGPiPiÔfQKAG1aD�cAG1Kw?AGQID·O;Ôzw?AG8;T�DS1ITtO;=^�IgG1KTdÔ \ _<S<8;O1�cÔ215L�K]=Cw?AG8;T¦0F1IDNuR1.| [ _ l2Ld=WLdD�uR1K8cDSA?QRLtl�uR1K8;wC=GOMÔ�QRLdD�3K1��aA?8MQRL�35ÔEwR1IÔO;Ô21KT9wZ=WO;Ô21KT
V

Ô%L�O�| AGQ^�aÔ�15Ll�I=GDdDNÔ2T�3KÔ<O}| 1KQ+[vO�| =W1KLNTdÔ<=Cw?Ô�:zDNÔ21KO;Ô2PiÔ�Q?L91KQKÔfTdAWLV=ZLN8;AGQ"Ô%LHTZAG1�1IQKÔ^DAK¥Pil%LdTN8;ÔHKA?TN8;~2A?Q?LV=WO;Ô9AG1ewGÔ�TSLd8;:�=WO;ÔG_G�EAWLdTNÔ�A?J50FÔ�:%LN8Mj.Ô�DSL�35AGQa:z35ÔzQ.| =CwGA?8MTtuR1.| 1KQKÔ@DSÔ�1KOMÔEÔ2QRLNTdl2Ôz3K=GQIDtOn=^O;A¥A2P¥1��5LV=WJKO;Ô

±9²k³�´ \ _ S'µ�¶·Y5Ô2P<�KO;Ô'3¨| l%LV=ZLdD9lruR1K8MwZ=GOMÔ�Q?LVD}�I=WTzDRK¥Pil%LNTd8;Ô<Ô2LzTNAGLd=WLN8;AGQ
�cAG1KT^:%ÔrD<HR1I8ÙLVD@l2Ld=WLdD�_cÚ�A?1KT^:%Ô2On=�QIAG1ID<8;Q?LdTNA5351I8;DNAGQID<35Ô�15Y¸jkAGQI:%LN8;AGQID�8

S(X)
Ô2L

S(O)
TNÔrD:�cÔ�:%LN8;wGÔ2PiÔ�Q?L�cAG1KTeO;Ô�D<0FA?1KÔ21KTVDe=CwGÔr:"O;Ô�D":%TdAG8MY Ô%L":%Ô�15YØ=Cw?Ô�:+OMÔrDiTNA?QI3KD�_·Ú#A?1KT�:2=GO;:21KO;Ô2T�:%ÔrD]jkAGQI:%LN8;AGQID�b·QKA?1IDe=CwGA?QIDJcÔ�DNAG8;Q435ÔfQ¥1KPil2TdAWLdÔ2T9:VHI=GuR1KÔf:2=?DSÔf35ÔfOn=\g?TN8;OMO;Ôf:%AGPiPiÔf8MQa358;uR1Kl^DN1KT9O;=v�Ig?1KTdÔ \ _ XI_&7E1"�aQI=WO¨QKA?1ID9=CwGA?QID

S(X) =
∑9

i=1 0.5i.IX (i)
�cAG1IT]1IQKÔ+g?TN8;O;OMÔ4XZYKXqÔ2Le=Cw?Ô�:

IX (i) = 1
DN8U8;OUK =p1IQ

X
DN1KT]O;=Õ:2=?DSÔ

i
Ô%L

IX (i) = 0
DN8MQIAGQ._ � Ô^Pe=WQK8;s2TdÔ^DS8;Pi8MOn=W8;TNÔ?b

S(O) =
∑9

i=1 0.5i.IO(i)
_

�zA?1IDz:VHKA?8;DN8nDNDNAGQID9:2AGPiPiÔ^TNÔ8�KTNlrDSÔ�QRLd=WQRL�35Ô\:2Ô�D�H¥1K8MLzl%LV=ZLdDE:%Ô2O;1K8#=CwGÔ�:@O;Ôy�KO;1IDl�cÔ%LN8ML
S(X)

Ô%L@=G1¸:2=GDA25 �KOM1aDS8;Ô21KT]l%LV=ZLVDv=G1KTd=G8MÔ�QRL\OMÔ+PiÜ2PiÔ
S(X)

A?Qo:VHKAG8nDN8MTV==�I=GTNPi8nD'Ô21KY :2Ô2O;1K89=CwGÔ�:�OMÔ^�KOM1aDS�cÔ%Ld8ÙL
S(O)

_
7z8;QIDN8.QKA?1ID}�aA?1KwGA?QID9Tdl�351K8;TdÔ@O;Ô^QKAGPvJKTdÔf3.| l2Ld=ZLz[ _ S2;+h�=W14O;8MÔ�173KÔV; _2Q :\=G173Kl"�I=GTSL mXWW_
YRZ � ���\[I]�^H_a`._�`�b\^H`c^H]ed?_ f+gA_h^Hij`IkAl(]�^Hij`IkRd?m�nH]po�dqnVrIi ^�s�d?_�g�dq^�g�dqnAkRt
u2�S�C�V¡�®�� �V��u2���S� �F�?twv ­ vyxHzH{}|5�S��ß Þ ���V���F�F®�~

���H�C�y���H�R�H�H�������H�!�h�.���H���q�C�C���
�F���H�H�H���R���F�C�H�F�R�F�����(�R�� Þ ���C¡>�C���r¤F®}�V����¡�¡�� �2®·�r��¡}ªW� �C���C���t�Z�V�C¡#�������VªCªW� ��®t�r��ªC���V����®�[.]�^�_a`._a`�b�^H`�^�]edh_ f+gA_h^Hi*`IkRl�]�^Hi*`IkRdhm+nH]po�dqn�rIi ^�s�d?_�g�dq^�g
dqnAkRt.u��F�Z�V¡�®�� �V��u����F� �F�?tIv ­ v�xHzH{�|5�F��ß Þ ���V���S��®w~ ���H�C�y���H�R�H�H�������H�!�h�.���H���q�C�C���
�F���H�H�H���R���F�C�H�F�R�F�����(�R�

^I^ Ú�TNAG0FÔ%L ] ;\��SI:6:GX
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1 2 3

64 5

7 8 9

±9²k³�´ \ _ X\µ��E1KPil2TdAWLV=ZLN8;AGQ735ÔfOn=igGTd8MO;OMÔ
����� �c&v!>�9�#�4�#»U!>¿^!>�%$'& (4��� �#»��>*+½V!#¿f!>�
� ����� ���  �&�}�"�
#
	&���"���(�!����DNAGQRLz358nD:�cAGQK8;JKO;Ô�Dz=?: Ld1KÔ2O;OMÔ�PiÔ2QRL�8

�?_z/.Ô�D9Tdl�DN1KOMLd=WLdDUÔ2Q4�IQ73¨| Ô2QRLNTV=W8;QKÔ2PiÔ�Q?LzuR1K8.QIAG1ID}�cÔ2TdPiÔ%LSLdÔ2QRLE35Ô^Dd=CwGAG8;T9:%AGPiPiÔ2QRLzD�| ÔrDFLo�I=?DNDNl<O�| Ô2Q5�LNTV=W8;QKÔ2PiÔ2QRLrb5Ô%LzÔ2Q_�I=GTSLd8;:21KOM8;Ô2T�O;Ô^QKA?P\JKTdÔ<3.| l2Ld=ZLVDzuR1KÔfO�| AGQ¸=O�K17Ô%YR�KO;AGTdÔ2Tr_
SK_z/.Ô�D9Tdl�DN1KOMLd=WLdD�8nDNDN1ID�3¨| 1KQq=��cTdAGQRLNÔ�PiÔ2QRL�Ô2QRLNTdÔ'35Ô21KY+AGTV358;QI=ZLdÔ21KTVD�uR1KÔ^O}| A?Q7=]Ô�Q?LdTd=G8MQIl'35Ô^Pe=WQK8;s2TdÔ8MQI3Kl"�cÔ2QI3K=GQRLNÔG_¨¶�Qpj�=G8ÙLrb¨AGQ×3KAGQKQKÔi1KQIÔ]O;A¥A2P¥1��5LV=WJKO;Ôi358
�¦l2TdÔ2QRLdÔi[435Ô�15Y�0FAG1IÔ21KTVD2b¦8;O;DfD�| =��cTdAGQRLdÔ2QRL�aÔ�QI3K=WQRL\1IQo:%Ô�TSLV=W8;Q QKAGPvJKTNÔ+35Ô$�I=GTSLd8MÔrD2b>Ô%LvA?Q TNÔ�g?=GTd35ÔeO;Ô�D\w¥8;:%LNAG8;TdÔ�D'35Ô4:VHI=G:21KQ =W8;QIDN8�uR1KÔ�O;Ô�D35Td=C�^_

�� "#
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�zA?1ID�=CwGA?QID�35AGQI:9=W0FAG15LdlU[<On=ELdA¥AGO;JaACY'1KQIÔ�8MQRLNÔ�TSj�=?:%ÔUgGTV=��KHI8;uR1KÔ?brlr:%Td8ÙLdÔ9Ô2Q B
	�� 
�B��WbGuR1K8R�aÔ�TNPiÔ2L�35l�DNAGTN�Pe=W8nDt35ÔE:VHa=WTdgGÔ2T�O;Ô�D�Pi=?:%TdA?D�Ô2L�35Ô�On=WQI:2Ô2TtO;Ô�D·Ô2Y5Ô2P<�KO;Ô�D�3Kl2wGÔ�OMAQ���cl�D�_W�zAG1aD�=CwGA?QID·=W1aDNDN85TNÔ2j�=W8ML�O}| 8;QRLNÔ2TNj�=G:2Ô35ÔrDiÔ%Y5Ô2P<�KO;Ô�DO�cAG1KTeOn=a�cAGTNLNÔ�TeDSA?1ID B
	�� 
�B��Ø=Z�IQ 3¨| AGJ5LdÔ2QK8;Te1KQ TNÔ�QI351��KO;1IDiÔ�DSLNHKl2LN8nuR1KÔ7Ô%L�3¨| =WPil2O;8MA?TNÔ�TO}| Ô�TNg?AGQKA?P]8;Ô<Ô%LzO;Ôf: 
WLdlW�alr3K=Wg?AGgG8nuR1KÔG_
Ú�AG1KT�OMÔrD�=GOMg?AGTd8ÙLdHKPiÔ�Dt35Ô~�KTdAGgGTV=WPiPe=ZLd8MA?Qe3!K¥QI=WPi8nu?1IÔz1KQ"DNÔ�:2AGQI3iÔ2Y¥Ô�P<�KOMÔ<35ÔEg?TN8;O;OMÔE='l%LNl@8MP<�KOn=WQRLdl=��ITNsrDE=CwGA?8MT<:%A?TNTd8Mg?l^OMÔrDf=WO;gGAGTd8MLNHKPiÔ�D@uR1K8#:2AGP<�cAGTNLd=W8;Ô2QRLf35Ô\QKA?P\JKTdÔ21aDSÔrDEÔ�TNTdÔ21KTVD�_K¶tQIDN1K8MLNÔGb¨QIAG1ID<=CwGA?QID35l�wGÔ2O;A.�(�alzO;Ô�D�=WO;AGg?AGTd8ÙLdHKPiÔ�Dt35Ô���D������.E�>������ ��D�ERD���	CD<=W8;QIDN8auR1KÔE3KÔ�D�Ô%Y5Ô2P<�KO;Ô�D�OMÔrDt15Ld8MO;8;Dd=WQRLVD2_?Ú#A?1KTt�aQK8MTQKA?1ID�=Cw?AGQID�8;QRLNl2g?TNl�1IQKÔE=W8n35ÔzÔ�QeOM8;gGQIÔz[^QKAWLdTNÔ�8;QRLNÔ�TSj�=?:%ÔzÔ2LtLNÔrDFLdÔ2T�uR1KÔ�LdAG15L�jkAGQI:%LN8;AGQKQa=W8ML�:%AGTdTdÔ�: LdÔ2PiÔ2QRLr_
/.ÔfLdTd=CwZ=G8MO.35Ô�Pe=WQI35l'[e3KAGQI:fl2LNl^Tdl�=WO;8nDSl^3K=GQIDzDNAGQ78MQRLdl2gGTV=WO;8MLNlfÔ%LEJI8MÔ�Q73KA¥:21KPiÔ2QRLNl?_I/.Ôb�KTNlrDSÔ�QRL9TV=��K��cAGTNLS�cÔ2TdP]Ô2Li[qO;=qjkAG8nDv35Ô7DNÔejkAGTdPiÔ2TiDS1KTvO;=qLNHKl�AGTd8MÔ435Ô�D]=WO;gGA?TN8MLNHIP]ÔrD'8;P<�KO;=GQRLNl"Ô2L]DN1KT]OMÔrD\Pil%LdHKA535Ô�D3¨| 8MP<�KOn=WQRLV=ZLN8;AGQ735Ô^On=vLNA¥AGO;JaACY+Ô%LE35ÔrD�DSÔrD9Ô%Y5Ô2P<�KO;Ô�D�DNAG1ID �!	"�#�h>%$2_
= Q��aÔ�15L<3Kl�DNAGTdPi=G8;D�:2AGQIDN8n35l2TdÔ2TEuR1KÔ^O;Ô�D@=WO;gGA?TN8MLNHKPiÔrDz35Ô'JI=?DSÔrDz35Ô'On=]LNA¥A?OMJcACY4DNAGQRLE8;P<�KO;=GQRLNl�D@=W8;QIDN8uR1KÔ@uR1KÔ�O;uR1KÔrDtÔ2Y¥Ô�P<�KOMÔrD�uR1K8>�aÔ�TNPiÔ2LSLNÔ�QRLU35Ô<:%AGP<�KTdÔ2Qa35TNÔEOMÔ�1KTtjkA?QI: Ld8MA?QKQKÔ2PiÔ�Q?LUÔ%LUOMÔ�1KT�15Ld8MO;8MLNlG_ = Q��cÔ215LLNA?1Z0FAG1ITdDk�aA?1KTdDN1K8;w¥TNÔ'O}| 8MP<�KOn=WQRLd=WLN8;AGQp3KÔ�D<=WO;gGAGTd8MLNHKPiÔ�DEÔ%LfÔ%Y5Ô2P<�KO;Ô�D@35l�:2TN8MLdD<3K=GQIDEO;Ô\O;8;wRTdÔv3KÔ'&���1)(
�!#.�

�w�w�����+% hk8;O5TNÔrDFLdÔU[<8;PO�IO;=GQ?LdÔ2T·35ÔrD·=WPil2O;8MA?Td=WLN8;AGQID>35Ô�D·=GOMg?AGTd8ÙLdHKPiÔ�D#35lF0S[<8;P<�KO;=GQRLNl�DVm+*CPe=W8nD�AGQS�aÔ�15L�=W1IDdDN8Ô2QRLdTNÔ8�KTNÔ�QI35TdÔ@35Ô|�I=?DNDNÔ2TU[v35ÔrDU15LN8;OM8nDd=ZLN8;AGQaD�35ÔrD9=WO;gGAGTd8MLNHKPiÔ�DU35lS0S[\8;P<�KO;=GQRLNl�D]�KO;1ID9:%A?PO�IOMÔ2Y¥ÔrD9u?1IÔ@:%Ô�OMO;Ô�D35l�wGÔ2O;A.�(�al�Ô�D�3K=GQID9OMÔrD9Ô%Y5Ô2P<�KO;Ô�D�_
¶tQÕÔ �¦Ô%LrbcA?Qa�cAG1KTdTV=W8ML<8;Pe=WgG8;QKÔ�T@1KQÕTdAGJcAWL<3KÔ2wZ=WQRL<LNTdAG1Kw?Ô2T<OMÔi:VHKÔ2Pi8;Q×AQ�5LN8;Pi8MPv1KP �cAG1KT<TV=WPe=GDdDSÔ�TO;Ô)�KO;1ID]35Ô+:�=WQKÔ2LSLNÔrDb�cA?DdDN8MJKO;Ô�D]3K=GQID'1KQØO;=GJ&KRTd8;Q?LdHKÔeLdAG15L]Ô2Q j�=G8;Dd=WQRL]=WLSLdÔ2QRLN8;AGQ 35Ô4QKÔ^�I=GD'LNAGPvJaÔ�TvÔ�Q�I=GQKQKÔi35ÔiJI=ZLNLNÔ2Td8;ÔG_¦Ú�AG1KTfTdl�DNAG1I35TdÔv:2ÔS�ITNA?JKOMs�PiÔGb¦AGQ��aA?1KTNTV=W8ML^:%AGQK�IÔ2T<O;=+gGÔrDFLd8MA?Q×35Ô]On=+Ja=ZLSLdÔ2Td8MÔi[+1KQ=Wg?Ô2QRL�15Ld8MO;8nDN=GQ?L�O;=b�KTNA?gGTV=WPiPe=ZLd8MA?Q]3!K¥QI=GPi8;uR1KÔzÔ2LU:2AGQ5�IÔ�T�On=^TdÔ�:VHKÔ�Td:VHKÔz3K1":VHKÔ2Pi8;QeA.�5Ld8MPe=GOc[^1IQ"=Wg?Ô2QRL15Ld8MO;8;Dd=WQRLzO;Ô�D�Pil2LNHKA535ÔrD,��D��-���IER>��+��� �MDFERD���	CD2_ ] O.j�=G1I35TV=W8ML�3KAGQI:fTdl�DNAG1I3KTNÔ<OMÔW�ITNA?JKOMs�PiÔ'35Ô^O�| 8;Q?LdÔ2TV=G:%LN8;AGQ35ÔrD�35Ô215Y7=Wg?Ô2QRLdD�_
Ú�AG1KT�:2AGQI:2OM1KTdÔGbK:2Ôu�KTNAG0FÔ%L9QKAG1aD�=v8;QRLNl�TNÔrDNDNl<:�=WT98;O.QKAG1aD�=S�cÔ2TdPi8;D�3KÔf3Kl�:%A?1Kw¥TN8;T9O�| =��(�KTNÔ�QRLN8nDNDd=Wg?Ôk�I=GTTdÔ2Q5jkA?Td:2Ô2PiÔ2QRL^Ô%L'1KQÖQKA?1KwGÔr=W1×OMA?gG8n:%8;Ô2Ot35Ô�:�=WOn:%1KOnD98.�+	��#��>/$%_ = QÕ=¸=G1IDNDN8\�K1 =��(�KTNÔ�QI35TdÔ][��ITNA?gGTV=WPiPiÔ2T35ÔrD@=GOMg?AGTd8ÙLdHKPiÔ�DzÔ2Lf3KÔ�D@8MQRLNÔ�TSj�=?:%ÔrD@DNAG1ID0�+	��#��>/$%_¦¶tQÕTNlrDS1IP]l?bc:2Ôb�KTdAW0FÔ2L@ÔrDFL<8MQRLNl�TNÔrDNDd=WQRL|�aA?1KT<DNÔ�D<: 
GLNlrDLNÔr:VHKQK8nuR1KÔ�D^hpL5:%8;O;=GJamUÔ%L�LdHKl2A?TN8nuR1KÔ�D^h�=����ITNÔ�Q?Ld8;DdDd=WgGÔ~�I=WT�TdÔ2QKjkAGTV:%Ô2PiÔ�Q?L m _

;K�
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S5_;� ] QRLNÔ�Td=?: LN8;AGQ,7zg?Ô2QRLS� ¶tQ¥w¥8MTdAGQIQKÔ2PiÔ2QRLe_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ �(:
XK_;� `�AGP<�I=GTd=G8;DNAGQ+Ô2QRLNTdÔ�SvPi=GQK8;s2TdÔ�D935Ô^TdÔ"�KTdl�DNÔ2QRLNÔ�T91KQKÔW�cAGO;8ÙLd8;uR1KÔ _f_^_^_<_^_f_^_f_^_f_^_^_ � Q
;5_;�	�¸A535s�OMÔ'35Ô
�p=WT�PGAZw<�aA?1KT�On=vPe=GTd:VHKÔ^=GOMlr=ZLNA?8MTdÔG_5/�Ô�D9l%LV=ZLVD�:2=WTdTdl�D9DSA?QRLULdÔ2TdPi8MQI=G15Y�_f_^_^_ XI�
;5_<S��t=WO;Ô21ITz35Ô�D�l2Ld=WLdD�DN1KT�O�| Ô%Y5Ô�PO�IOMÔ'35Ô^On=]Pe=WTV:VHKÔ<=GOMlr=ZLdAG8;TNÔ _f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ XI�
;5_ X�
�lrDS1KOMLd=WLdD�A?J5LNÔ�Q¥1ID}�I=WT�O}| =WO;gGAGTd8MLNHKPiÔf6 � :eDN1KT�O}| Ô2Y¥Ô�P<�KOMÔ^35Ô^Pe=GTd:VHKÔf=WO;l�=WLNA?8MTdÔ _^_f_^_^_ X�S
;5_ ^ L¥A?OM15Ld8MA?Q = �5LN8;Pe=WO;Ô|�cAG1IT�� 8MQI3*K4{<Td8;3��ÕAGTdO;3Õh�6 � LK=WTVDN=Rm�_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X?X
;5_<; `�AGP<�I=GTd=G8;DNAGQ+Ô2QRLNTdÔ^35Ô21KY+=WO;gGA?TN8MLNHKPiÔrDUDN1KT�O}| Ô2Y5Ô2P<�KO;Ô'351p`�OM8&���Ö=WOhPR8;QKg _f_^_f_^_f_^_^_ X?X
;5_ � `U=WOn:%1IO�35Ôu�aARDS8MLN8;AGQ¸DN1K8MLNÔ^[iO;=i:2AGO;OM8nDS8;AGQ4=CwGÔr:@1IQKÔfJaA?Td351ITNÔ _^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X��
;5_ � ¶�358MLNÔ�1KT@3.| Ô�QRw¥8;TNA?QKQKÔ�P]Ô�QRL��cAG1KT�O;Ô�� 8;QI3!K4{<Td8n3��ÕAGTdOn3¬_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X �
;5_ _ /�=GJ&KRTd8;Q?LdHKÔ^=CwGÔr:EA?JIDFLV=G:2OMÔrD _^_f_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X _
;5_ Q /�=GJ&KRTd8;Q?LdHKÔ^=CwGÔr:EA?JIDFLV=G:2OMÔrD�Ô2LzwGÔ�Q?L _^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X Q
�K_;��¶·Y5Ô2P<�KO;Ô�DE35Ô90FÔ215Y7351¸698;:%� 6#=G:%� 6>A¥Ô�_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ^RX
�K_<S ¶·Y5Ô2P<�KO;Ô'3¨| l%LV=ZLdDzl�uR1K8;wC=GOMÔ�QRLdD}�I=GTzDAK¥Pil%LdTN8;ÔfÔ%LzTdAWLd=WLN8;AGQ _f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ^I^
�K_ X �z1IP]l�TNAGLd=WLN8;AGQ735Ô^O;=]g?TN8;OMO;Ô _^_f_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ^&;
�K_ ^ 
�lrDS1KOMLd=WLE=��KTds�DU1KQ7Ô�Q?LdTd=G8MQIÔ2PiÔ2QRLz35Ô'X2:6:2:S�I=WTNLN8;Ô�D _f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ^&;
�K_<; �UÔ2QI:VHIPi=GTRP"Ô2QRLNTdÔf1KQ\0FA?1KÔ21ITE35l%jkÔ�QIDN8Ùj�Ô%Lz1KQ7A+�cÔ�QIDS8MjF_«_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ^��
�K_ � �UÔ2QI:VHIPi=GTRP"Ô2QRLNTdÔf1KQ\0FA?1KÔ21ITzÔ%YR�cÔ2TNL9Ô2Lz1KQ]0FAG1KÔ�1KTz35l�JK15Ld=GQRL�_Ö_^_f_^_^_<_^_f_^_f_^_f_^_^_ ^��
�K_ � �UÔ2QI:VHIPi=GTRP"Ô2QRLNTdÔf1KQ\0FA?1KÔ21ITzÔ%YR�cÔ2TNL9A+�cÔ�QIDN8Ùj�Ô%Lz1KQ]0FA?1KÔ21KTz3Kl2JK15LV=WQRLz35l%jkÔ�QIDN8ÙjF_Ö_^_f_^_^_ ^ _
�K_ _ `�AGP<�I=GTd=G8;DNAGQ+Ô2QRLNTdÔ^358&�cl�TNÔ�Q?LVD�=Wg?Ô2QRLdD�=$KR=WQRLU=.���KTd8;D�DN1KT ^6:6:2:S�I=WTNLN8;Ô�D�_<_^_f_^_f_^_f_^_^_ ^ Q

;GX
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XK_;� 7zO;gGA?TN8MLNHIP]Ô^3¨| l2wZ=GOM1I=WLN8;AGQ48ÙLdl2TV=ZLd8Mw?Ôf3KÔW�aA?OM8MLN8nuR1KÔ _^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ �$;XK_<S 7zO;gGA?TN8MLNHIP]Ô^35ÔW�cAGO;8MLN8nu?1IÔ^8ÙLdl2TV=ZLN8;wGÔ _^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ���XK_ X 7zO;gGA?TN8MLNHIP]Ô^3¨| 8MLNl2TV=ZLd8MA?Q+wZ=GOMÔ�1KTdD]_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ ���
^I_;� 7zO;gGA?TN8MLNHIP]Ô�� �qECGHB	� �?G �qB�
 ����B0D
� >.E � ��3¨| l�wZ=WO;1I=ZLd8MA?Q43¨| 1KQKÔW�cAGO;8MLN8nu?1IÔ _<_^_f_^_f_^_f_^_^_ S:^
^I_<S 7zO;gGA?TN8MLNHIP]Ô\`�A?Q?LdT�
?OMÔ��¸A?QRLNÔ\`U=WTdOMAi=CwGÔr:@3Kl"�I=GTSLVD�3¨| Ô2YR�KOMA?Td=WLN8;AGQ _^_^_<_^_f_^_f_^_f_^_^_ S:^
^I_ X 7zO;gGA?TN8MLNHIP]Ô�� ��������� � 	���
 ����B0D
� >.E � �+_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ S6;^I_ ^ 7zO;gGA?TN8MLNHIP]Ô��!������� � � 	���
 ����BeD
�j>IE � �]_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ S �
;5_;� 7zO;gGA?TN8MLNHIP]Ô ���
�����\3¨| l2wZ=WO;1I=ZLd8MA?Q¸3¨| 1IQKÔu�aA?OM8MLN8nuR1KÔ _f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ S��
;5_<S 7zO;gGA?TN8MLNHIP]Ô � >.ECGF>Õ_^_f_^_^_<_^_f_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ S _
;5_ X 7zO;gGA?TN8MLNHIP]Ô���� ��DC>.E � �#��� _^_<_^_f_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ S _
;5_ ^ 7zO;gGA?TN8MLNHIP]Ô! "� �hD�>IE ���#�#�Ò_^_<_^_f_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X6:
;5_<; 7zO;gGA?TN8MLNHIP]Ô^35Ô �UTdÔ�DNÔ2QKHa=WP _^_f_^_f_^_f_^_^_f_^_<_^_f_^_^_f_^_f_^_f_^_^_<_^_f_^_f_^_f_^_^_ X�;

;6;
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