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)*�{ 0#�, 100·_`!a�9, ·!¸¹º»))*�� 1# 2 #��. $�, ·_`!a+
;t)\],-{ 15 #�, Q Y*¾).(�w,���!�&�,3�� ¿i = 0:3, ÂÃ� Ài = 0:7(i = 1; 2; :::; 100)#��.6.1.1 /E45=IMNOP

§¨{Q 6.2 )��(§¨)RS�� 3, 2, 1, 0#Td(§¨{JU�~w,. Q)VW (x, y)=(0,0){X2(YC�, ´���Zjk� xVW)[jk, >jk� yVW)[jk#¦,. \]Q(^
��~w,_`{a0bc&�,. $�, §¨)R)T�\]^-,½{Q 6.1)��( Cde&f
g��.
��&, sugar max[30℄[30℄{ (4.1)½)§¨)ÎÏhi(j�k, sugar 
urrent[30℄[30℄{ (4.1)½
)§¨)rsi(j�,l¼mGn&, Gn)ÐY�§¨)R)o��^-.

10



Q 6.1 §¨)\]^�%���

Q 6.1(��~, ����*¾-,#, Q 6.2)��(¦,.

Q 6.2 §¨)R11



Q 6.3{%���!%�º)\]2L. Q 6.4{�,D�tÌ�72�, ·!¸¹º»�RS<J(
ª$k(��t)2L&�,.

Q 6.3 \]2L

Q 6.4 tÌ728)2L

Ä 6.1{ 90·_`!a)t(, Sugars
apeF���º"�(�'(·!¸¹º») Q¯!%�&
�,. staten(�,R, L, U, D{, ´�Á�Z, X, >, 2�0L�, ·!¸¹º»�´)tly��4jk)>¡&�,. 0, 1, 2, 3{´�Á�)«=)§¨���)�#&, -1{B)·!¸¹º»�´
�(�s-,�#�0L�~w,. Q-valuen(�, R, L, U, D, S{, ´�Á�Z, X, >, 2, ´)12



«(#�$,�#�0L-,. Q-value(�,ÐY{·!¸¹º»�´�Á�)i����-,.(
M�-,QY&�,.
N³Ë, No1{·!¸¹º»)Z({B)·!¸¹º»��s�, X{§¨���� 1, >{ 2, 2{0&�,. ´)t(, ·!¸¹º»�Z, X, >, 2(0�-,.(;� QY{´�Á� 0.000, 5.476,6.450, 2.310&�,. $�´)«(�$, QY{ 5.484&�,. �)Ä��§¨)����ow$�
´�(i����ow�#���,.

Ä 6.1 �º"�(�'(·!¸¹º») Q¯!%�No State Q-valueR L U D R L U D S1 -1 1 2 0 0.000 5.476 6.450 2.310 5.4842 -1 1 2 1 0.000 5.005 6.304 5.192 5.4173 -1 1 2 2 0.000 4.844 5.879 6.395 5.4884 -1 1 2 3 0.000 3.430 5.759 8.023 6.1005 -1 1 2 -1 0.000 4.810 6.545 0.000 5.658
Q 6.5{, �·_`!a(vw~c·!¸¹º»�3F��§¨)¬7i) 0�^���)&�
,. 0��!�M {��) Sugars
ape���)·!¸¹º»)0��!���-. 0��!�MQ
{Q3���A��·!¸¹º»)0��!�&�,.

Q 6.5 3F��§¨)¬7i) 0

Q 6.5�k, 0��!�MQ)·!¸¹º»{, ·_`!aÐ�A³,(��~�i:8�7kJ
�, 46(b1��i��!�����, c·!¸¹º»�3F��§¨)¬7i�A2�~w,�13



#���,. ÎÅ�({��)0��!�M �kB�)§¨�©ª&+~w,. >, �)rb{§¨
)JU�B��³~�, FM(��)0��!�M �kB�)§¨�©ª-,�#��y&+�.6.1.2 ./;PTU%�Q

��&, ·!¸¹º»)�de(v¤,i�)I��@��)��(�^�~w,)��D$,.
��{, 3��·º»%_!#w�i(��~�2-,�#�&+,. �63��·º»%_! I{,
�·_`!a(vw~·!¸¹º» i�7���deÐ Ei��w~�2)��(�5��,.I = 1N Xi � 1Ei XS � Ei Ii(S)� (6.3)
�(�, Ii(S){·!¸¹º» i)�de S(b-,i������i(S; a)(�k�5��,.Ii(S) = � 1log 5Xa �i(S; a) log�i(S; a) (6.4)
��&{·!¸¹º»)#�,i�{c�& 5�ZZ, X, >, 2, �[�,�� log5&Â�~w,.Ii(S){·!¸¹º»)i��4c¦�º"�¦t, �$kc�3��i�~w¦w«¬({ log5=log5
#¦,�� 1&�,. ´�~, 3��?�,(��~i�{���(¦k, ´)Y{ 0(�}�.
Q 6.6{, %���!%�º(�,0��!�M #0��!�MQ)�·_`!a(vw~3��
·º»%_!) 0��&�,.

Q 6.6 �63��·º»%_!) 0

Q 6.6��Q3�-,·!¸¹º»{ QY)*¾#�����!� T �8�-,(��~3��
·º»%_!�8��~w,)���,. 100·_`!a8(, �7(3��·º»%_!���>
���){, �����!� T )½�16�~w,��&�,. 0j, 0��!�M )·!¸¹º»
)3��·º»%_!� 0.5Jk&0�¦){, ·!¸¹º»)l3(JÐ)F	§¨i)«=�p
�¤�«¬, ´)C���º"�(0�«=���-,��&�,#9³��,. Î�, §¨)R)

U(��~�)Y{��-,. 14



6.1.3 R%7?

3��i�52�²³��,·!¸¹º»#²³��¦w·!¸¹º»��s-,<2(vw~,
·!¸¹º»)3�)?i�<2)f:(²³,16(�w~�O-,. ��&{, 7�
L&=F
$,-)I�E@�Ä-i#�~�w��,¸��Ð#8Ë�,M��7i��>-,. ·_`!aE&)¸��ÐG(E){, %!�º�6@� 45�@��)PN�Ä-B�&�k, ���&{�2)
��(7;��.
·_`!a E )ÎÅ]Ì (t = 3000 )t)(vw~, �!)·!¸¹º»�3F�~w,§¨iS1(E); S2(E); :::; SN (E)�9=(`!»-,. �(�, N(E){ Sugars
apeF(�s-,·!¸¹º
»Ð&�,. ´)8, �2)½(��~¸��Ð G(E)�	�,.Si0 (E) = Pij=1 Sj(E)PN(E)i=1 Si(E) (6.5)G(E) = 1� 1N(E) N(E)Xi=2 Si0 (E) + S(i�1)0 (E) (6.6)
-$~)·!¸¹º»�F	i)§¨�3F��«¬, ¸��Ð{ 0#¦k, ·!¸¹º»�3F
��§¨)i)f:�9�,(O�, ´)Y�Ï+�¦,.
Q 6.7&{, 0��!�M #0��!�MQ)�·_`!a(v¤,´�Á�)¸��Ð) 0
�Ä�~w,. Q 6.8 &{, )*�� 1# 2#@���·_`!a 100# 150& Sugars
apeF(v¤,
�·_`!a)·!¸¹º»)
KÐ) 0�Ä�~w,.

Q 6.7 ¸��Ð) 0

Q 6.7�k0��!�MQ{ 1# 99·_`!a)Ì, 3��?"(O�~·!¸¹º»Ì&§¨©
ªi)I�E@����¦�~w�����,. 100·_`!a¶&, 0��!�MQ)¸��Ð�
��>���){, �����!� T )½�16�~w,��&�,.15



Q 6.8 ·!¸¹º»
KÐ) 0

Q 6.8#Q 6.7�k, 100·_`!a�8)·!¸¹º»))*�� 1# 2#��t, 0��!�M
#0��!� MQ &{·!¸¹º»)
KÐ{|��({���¦w(�����$, 0��!�MQ)$��¸��Ð�o�¦�~w,�#���,.6.1.4 ./52IML5;N 2<NIPQRSTU�B:���2
*(, ·!¸¹º»(²³��,3�52)A0�<2)f:(²³,16�D$,��(, Sug-ars
ape��%(3�-,52�²³��,3�·!¸¹º»#3�-,52�²³��¦w�3�
)·!¸¹º») 2��)·!¸¹º»��s-,��%&¾�(�����. 508)·!¸¹º»
({QY�*¾-,#� (\]3�-,52�²³), �k) 508)·!¸¹º»({ QY�*¾�
Ê$ (\]3�-,52�²³¦w��)(, Sugars
apeF(W��Ê,#-,. ��)·_`!a{1# 100$&#�, ´)B)��>)ÇÈ{c~	��(=$,�)#-,.
Q 6.9&{, ´�Á�3�-,52)²³���·!¸¹º», 3�-,52�²³��¦���
·!¸¹º»��·_`!a(vw~, 3F��§¨)¬7i) 0�^�~w,. Q 6.10&{, �·
_`!a(vw~, c·!¸¹º»)3F��§¨¬7i(b�~¸��Ð) 0�^�~w,.

16



Q 6.9 3�52)0¦,´�Á�)·!¸¹º»�3F��§¨)¬7i) 0

Q 6.10 3�52)0¦,·!¸¹º»��s-,<2(v¤,¸��Ð) 0

Q 6.9#Q 6.10��, 3�52)²³���·!¸¹º»�·_`!aÐ�=�,(�w, ·!¸¹
º»�3F-,§¨)¬7i�A2�, 3�52�²³��¦w·!¸¹º»)§¨)¬7i#):
��	,��, ¸��Ð�Ï+�¦�~w,�#���,.
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7 <82Joshua M. Epstein�{, 8G%!%#<L%!%�F�-,�#&, ·!¸¹º»�@�(A�:
��~g�- , ?�)"%®���)AH�¶�#-,���i¦�~+�. $�, ,-�)��¦
!<2@��#!�J?^�)2D(�)��¦4���,�D$,��, ,-AB%!%�F��
� [3℄. $)��&{�� 1) Q3��-,·!¸¹º»�¥k��, *(8G, ,-AB, <L%!
%���,$#&, ��)��#G2(0¦,�,Iw�-,�, $�, ��)��&{AH-,$#
�=�¦���rb��39;-,$#�¶�#-,.
�2, �� 1#�$, �� 2&¾	(F�
	�!)%!%���-,.
$$, g6���¤,·!¸¹º»({, 8G
�¦�Nno��,$#�	���,. ¼(, ��
{¾��(2��)\],-�²³~$�¦¤�Ë¦�¦w. c�§¨��	¦w$$ Sugars
ape
(E�(���Ë, ¾��{-�(
'&
$�. ´$&, �#J{´�Á��
��$�	�+(�
��	§¨)�
�g6(²³,$�(-,. ��~, ¾��{��) (�D{0¦�	)�²i)O
�Aj-,§¨���~ Sugars
ape�C�-,. FM� Sugars
ape�GC��,\]�º�!�8
�^-�%!%���~�²i�@���,. $	, ��¦,·!¸¹º»{g6�� t�, �¦�
���
��$�	�+���~w	i"§¨�#³~w¦¤�Ë¦�¦w.
$"�NÇÈ�,-ÇÈ�É	
	·!¸¹º»{!8G
��¦·!¸¹º»���, 8G%!
% S��i-,.
PQRSTUI&'XQX S1. �K"·!¸¹º»��º"����().2. ´"�*�8G
�¦0¦)@+"·!¸¹º»,, 
���¦���0j"·!¸¹º»"�
*�g6�GC()	�"-"«=���Ë, 0?"g�- .3. ($~"�*��w~$��7kJ(.
�.".�v¤), g")*�, ÎÏ<L¦�"0/�1@{, �º5%"�7�;�~�"0/�
1@������). $�{9>��"0/MP (m, v),, ��0>"�"0/MP� (M, V)(�
()�, QR"M6"0/MPSÄ 7.1�^
	 4��"TUV�W�E
�X$k�)�Y�Z"
,[).

\ 7.1 ].�^_)0/`1a"8:

bcd

<L m Mv (m, v) (M, v)V (m, V) (M, V)
18



%!����$:;AB�!� I� [)����	
��
�, ��S]��Y)Q[)YSQ="M6"4,E��JG��).
�"�, <8 2���7?����Y�, <8 1���7?���0��� , "2�#9&'(
)�.
<8 1 S��7?'�*+�, E�-./4 (t = 3000�1)�^Y�, 35�����	
�
>F��Y�@CN'DH����I�, <8 2 S, 3KLMO�^Y�, 35�����	
�P
Q��Y���'DH����I. RSS���*+�,�4�>F�I@C�TU'DH���Y
�, VJ��� (WX)'DH���Y�Y.7.1 YZ[\]Y^_`abcd

eMO�f��' 30g 30hR 50g 50�#9�, �*+�, ij	
'Wk�, 14 3000K
LMO lmno�lp	'�I.
qrst!qu�vw�!�

2x�yz�S, <8 2�{|}�} [�.� ~G��/4S���Z� 12�hR 15��4hR���.� ��{� 60hR 100� �����, ��z�.� Sugars
ape�G�����/�	����/��� 50h� 100�z�.� Sugars
ape�G�����/�	���?� 350�z�.� ����	
�bcd� 1� 4�z�.
��{|}�}'���I� , ��� 3��}�}'���, ��<8'z�. "2�� 3��
}�}��Y���z�.
�� 2�� ¡ 3¢$�!�
�!� 1� ��~G£¤/4� 40h� 50��4 .¥�� ��~G£¤/4� 50h� 60��4 .¥�� �/�	���@C¦§N� 40¨©
�!� 2� ��~G£¤/4� 40h� 50��4 .¥�� ��~G£¤/4� 50h� 60��4 .¥�� �/�	���@C¦§N� 5� 15 19



�!� 3� ��~G£¤/4� 30h� 40��4 .¥�� ��~G£¤/4� 30h� 40��4 .¥�� �/�	���@C¦§N� 5� 15
}�} 2, 3��/�	���@C¦§N�}�} 1$�DY�Y����, }�} 2, 3�J�}�
} 1$�;6'>�Y@C!��� ���������k, ���;6'��%K
�DY�Y��.7.1.1 Q3=�<�F��	
�
<8 2�^Y��0¤}�}MQ��Y�"2�()�.
M�����	
' 1400W¨© 90�*+�,� ���
I8, ��Ch� 100������
	
'AB�, ��Q���6'��I�'�/�	����/ Q��z�. ��4�bcd� 0�
�, ~G, ��, ����}�}ZE���YZ���I. ��8, 3}�}����lmno�lp
	z�Z��z�.
��C��}�e	AB�2������ T � (7.1)��4�Y�3�*+�,�^Y�9?z�.
��8, 3}�}'E��Ilmno�lp	 �319�^Y��N� T = 0:15��I.

# = 10� episode=9 (7.1)
���, ��d� "d�Y�I������&�'�<8 1�()�'�YI.
*, ����	
' 1400W¨©�@©�I��, 8�yz+ 7.4�$��, ����	
���`
L�,- 1'��.������I�, ����	
�/5,-'7©����
I.7.1.2 :GHIKO�¢ ¡

<8 1�@C�PQ�0��&�@C�R�JS�T�U_ , ���@C�V]}�}E�PQ
�'�<8 1�W)��z�.
@C�R�X'�/Yz�Z?�+ 7.1��, C[\ x(�I.

20



+ 7.1 <8 2�@C��/YO%���
+ 7.1����, eMO'9?z��, + 7.2�$����. + 7.2�@C�RDh� 3, 2, 1, 0�X
,�@C�JS��5�.

21



+ 7.2 <8 2�@C�R
+ 7.3��(�0¤}�}M �lmno�lp	�/2L (14�^$� 10KLMO7�8), +7.4�=J�14�7��, 0¤}�}M �����	
�RD<J�����5�1�2L $�.
()�+ 7.5, + 7.6�0¤}�}MQ�lmno�lp	2L';�I�� $�.

+ 7.3 0¤}�}M �lmno�lp	 (�/)
22



+ 7.4 0¤}�}M �lmno�lp	 (147�)

+ 7.5 0¤}�}MQ�lmno�lp	 (�/)

23



+ 7.6 0¤}�}MQ�lmno�lp	 (147�)
I 7.2�����	
' 1400W¨© 90�*+�,� ���
I8, ��Ch� 100����
��	
'AB�, ��Q���6'��I QL�%} $�.

I 7.2 <8 2 �����	
� QL�%}No State Q-valueR L U D R L U D S1 -1 1 2 0 0.000 3.544 4.675 1.036 4.0232 -1 1 2 1 0.000 3.619 4.552 3.619 4.2323 -1 1 2 2 0.000 3.734 4.586 4.586 4.3744 -1 1 2 3 0.000 3.910 5.035 6.168 4.8225 -1 1 2 -1 0.000 3.544 4.545 0.000 4.1596 -1 -1 -1 0 0.000 0.000 0.000 0.512 2.7577 -1 0 -1 -1 0.000 0.416 0.000 0.000 2.6728 -1 0 0 0 0.000 -1.537 -1.160 -1.221 -0.9989 0 0 0 -1 -1. 025 -1.252 -1.576 0.000 -0.998
I 7.2�No1� 5 �R<8�I 6.1��)��, Q��J��L�'W`�D5. No6, 7'8��
����	
�<��5�>., ��>��&�� Q����95. �I, No8, 9'8��, <��
1�L������	
�N�5�>., ��)�������	
h����5$��, ��>�
���AB�3d�95.
+ 7.7, + 7.8, + 7.9���$�}�} 1, 2, 3'E��
I1, 14KLMO���0¤}�} M24



�0¤}�}MQ�����	
?�A0'I��5�.

+ 7.7 }�} 1E11�����	
?�A0

+ 7.8 }�} 2E11�����	
?�A0

25



+ 7.9 }�} 3E11�����	
?�A0
+ 7.7, + 7.8, + 7.9�{|��, 0¤}�}MQ�$��0¤}�}M $�����	
?�<
/`�h��#¤��5����F����.
+ 7.10�, 14KLMO���^5�, 3}�}���7?�A0'I��5�.

+ 7.10 ��$����7?�A0

+ 7.10h�, 3}�}�{|������	
?�A��������7?�8�, ����	

?�8>z����7?�A��7��$��¥h�.
+ 7.11�, ����}�}E�8, 314KLMO�^5�3}�}�����	
?�A0'�26



��I+ $�.

+ 7.11 ��$������	
?�A0 (����}�}E�)
+ 7.11'8��, 4K`�, ����}�}'E���5�5%�}��)�, ����	
�?
�/5,-���0Q���5�. ;6�]���5%�}�}�} 1 �-.`�����	
?
�^$� 1500�����©����5�, + 7.7��)�h������	
�?�/5��0Q�
��5�.
+ 7.12�, ����}�}E�8, 14KLMO���^5�3}�}���7?�A0'���
I+ $�.

+ 7.12 ��$����7?�A0 (����}�}E�)27



+ 7.12�����}�}L��%�} $�+ 7.10��)��, 3}�}���7?�'W`�
95���¥h�.
+ 7.13�, 0¤}�}MQ�}�} 1'E��, ����}�}'E��I%�}�����}�
}'E���5%�}�����	
�, 14KLMO���^5���7?�A0'I��5�.
*, }�} 2, 3'E��I%�}�0¤}�} M �%�} �(M�7��$����3G �I
I�, �� �, F�}�} 1'E��I0¤}�}MQ�%�}�lmno�lp	72'y�I.

+ 7.13 bcd��6��?Y

+ 7.13h�, �����L5%�}�J�, bcd�95����	
�A�EB���5���
�¥h�. ��8, bcd�1�N'yz 26@�()���$C5�5�.

28



8 9;

�� �, <8 1�<8 2�72��5�, ��$����'()�.8.1 <8 1$��
I 6.1$�, ����	
���'��I72, @C�N�$�/5>=�0¤z��5� 3.1.3�

!����	
� 46��EI�}�}'����	
V�>Fz���'y�I. ���, + 6.6$
�, Q��=J�9?������, ����	
�0¤}�} M ��M� Sugars
ape%�}��
)�����	
%*��8>��5���'y�I. ����	
�Q��'����0¤}�}
'>Fz��� , �M� Sugars
ape%�} �5OI��U�I����	
%*��D��, A
Hz�	H��5�5O�����.
+ 6.7$�0¤}�}MQ� 1� 99�*+�,�4, ���?��
������	
4 @C�
�N�I�E@�>�����5���¥h�. ���+ 6.5�72h�, ��4�7
��I�2
��, ����	
�>F�I@CN�A���5���¥h�I�, �E ��h�'W�3N�
/5�2����5����¥h�. �M�0¤}�}M  �, ����	
�0¤}�}�¨©�
��5�I�, @Co%}�/5='8����, D���>�0¤�$��z�, [¥�l����
��	
�[��. �8, C��@C�/5>=�����	
'0¤�
�0¤}�}M �J��
d��8���, -.��@C'/��� �I�� Q��'����U0¤}�}MQ�����
	
U�I. -�@C�/5=��k��0¤��5����	
��¤�, 72��/������
	
�����d$���£¤'Bz�����I.
��0¤}�}MQ�0¤}�}M �����	
��¤��5�, ���:h�J�z�.
@C�/���R�X7 $�"�, @Co%} 3�X�����	
�L�z��, �L,-�
��, ��C?�5���h�����	
� ¤��������, �d��@C��� ��5
	H�"��. #$, @Co%} 3�0¤�I����	
���&�KLMO 4J������
	
�0�����5, &�KLMO ���>�����h��, ?I�V'��I@Co%} 1
'��z����h �����. ���D��, 0¤}�}MQ�����	
�@Co%} 3�
>='(G���, �k�����0¤z����, &�KLMO�/��@C'�� �����
D7��5��' Q��)}*+,��$������5�. ��-.�I 6.1h��8����.
����	
�@Co%} 3�>='(G���, 2�0¤z���@���>��&����@�
95. $��72��@Co%} 3�>=��h�5����	
���h/1z�I�, ����
	
��L�,-'FG�, @C�R�� ��$�@C'�N���� ��5�������.
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