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�ÝDVEFV§ <4�E4FO

�µ? 4ÝDVEFV§ @4�E4FO 4 
G4�OFL4 4=OD@4LO?O� (TD 
Learning) Ý4VEVAV§ @ÝAVA, BAO§ 
>¯L5=FG@5A B�OFG 
(reinforcement learning) 
6¯=5EVA457V BDAOA F¯EVA4VDG.
%BA84=-4� 5µ? Ý8VEFV§ 5B?4L4�F4�O @4D4C4FF4D8O 5B?:4G84, 479AFFV§ FÝ:VD<59EV A97V;VA89 ¯=D9AG 
�45V?9FVA 4DFFODG84�O Dí?VA >íDE9FG.
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Ý4VEV

�¯L59FG@5A B�OFG �75AF

�¯9, ÝD5>5F, @4D4C4F 
(reward)

&Ý6VD85545A ¯9D5AG �B?64G

�F5D4F86FV> B�OFG �DF4 @B45?VAEV7 ¯9D5AG
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B�OFG44�O TD Ý4VEVAV§ BDAO
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TD Ý4VEVAV§ A57V77V 845OEO
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TD 6ÝA5 Monte Carlo 
Ý4VEF5DVAV§ E4?OEFOD@4?O 
5D5>L5?V>F5DV

04

TD Ý4VEVAV§ F¯D?5DV 6ÝA5 
�B?44AG E4?4?4DO

05

TD Ý4VEVAV§ 
4DFO�LO?O�F4DO @5A 
L5>F5G?5DV
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�BDOFOA4O

07

�4�O?4G EµD4�F4DO



1. �V@VA?5: �¯L5=BC<5= 
>�OBC44�O TD Ý4VAV=V§ 
>@=O
�¯L9=FG@9A B�OFG (reinforcement learning) 4 079AF C9A BDF0AO§ 
í;0D0 ÝD9>9FF9EGV A97V;VA89 L9LV@ �01O?80G8O ¯=D9F9FVA 
:0E0A8O <AF9??9>F 10�OFO. �79AF A0�FO FÝ:VD<19 :<A0�F0C, 
ÝD1VD �080@80 0?�0A @0D0C0F (reward) 0D�O?O í; ÝD9>9FF9DVA 
:9FV?8VD98V.

&9@C9D0FGD0?O� 0=OD@0LO?O� (Temporal Difference, TD) Ý8VEV 4 
BEO >¯L9=FG@9A B�OFG8O§ 9§ @0§O;8O �µD0@80E 1í?V7V. TD Ý8VEV 
079AFFV§ 1VD >¯=89A 9>VALV >¯=79 íF>9A >9;897V FÝ:VD<19EVA9A 
¯=D9AGVA9 A97V;89?98V.

�? Monte Carlo E<O�FO Ý8VEF9D79 µ�E0E, 1VD0� 0=OD@0LO?O�O 4 B? 
@0D0C0F FGD0?O FB?O� MC<;B8FO >¯FC9=-0�, 0�O@80�O >¯=89A 
0?OA�0A :0§0 0�C0D0F�0 E¯=9A9 BFODOC 1B?:0@8O :0§0DF0 
0?08O. /�A< 079AF ÝD �080@ E0=OA í;VAV§ 1µDOA�O 1B?:0@80DOA 
A0�FO FÝ:VD<19 A97V;VA89 F¯;9FVC BFOD08O.



2. TD Ý4VEV=V§ =57V77V 845OEO

TD Ý8VEVAV§ 54EFO <89OEO 4 479AF 5B?4L4�F4�O 
>¯FV?9FVA @4D4C4FFO 5B?:4= BFODOC, 4�O@84�O 
54�4?4GOA :4§4 FÝ:VD<5979 �4D4= 
:4�OA84F48O. �µ? FÝEV? «>�G 4D�O?O F¯75FG» 
�4�<84EOA4 E¯=9A98V.

TD Ý8VEVA89 479AF ÝD5VD ÝD9>9FF9A >9=VA >9?9EV 
>¯= @9A 4?OA�4A @4D4C4FFO >íD98V :ÝA9 EBAO§ 
A97V;VA89 í; 54�4EOA (@OE4?O, >¯=?9D8V§ @ÝAVA) 
4;84C í;79DF98V.

�EO?4=L4, 479AF G4�OF íF9 >9?9 í; L9LV@89DVA 
:9FV?8VDVC, F<V@8V EFD4F97<O �4?OCF4EFOD48O.

TD Ý8VEVA «B�OFG >9;VA89 FÝ:VD<59AV 5VDFVA89C F4?84C, 
5B?:4G �45V?9FVA :9FV?8VDG FÝEV?V» 89C 4F4G�4 5B?48O.



3. TD 6ÝA5 Monte Carlo Ý4VEF5DVAV§ 
E4?OEFOD@4?O 5D5>L5?V>F5DV
Monte Carlo Ý8VEV 89 FÝ:VD<59 A97V;VA89 ¯=D9AG8V >í;89=8V, 5VD4� B? FB?O� MC<;B8 4O�F4?�4AA4A >9=VA 
�4A4 AÝF<:9AV :4§4DF4 4?48O. �µ? >9=89 >íC G4�OFFO F4?4C 9F98V :ÝA9 BDF4 >¯D89?V 5B?�4A 
:4�84=84 F<V@EV; 5B?GO @¯@>VA.

TD Ý4VEV 5>?E4:

�4§4 @Ý?V@5FF5D 
F¯E>5A E49OA 5VD45A 
¯9D5A54V

&B?O� MC87B4FO 
>¯FC594V

�4F5 @5A 
49OD@4LO?O�FO (O�A8 
G4�OFL4 
49OD@4LO?O�FO) 
5VDFVA45C 4749F4 
BFODOC, 5B?64@4O 
A4�FO?494O

%BA8O�F4A TD Ý8VEV 8<A4@<>4?O� :ÝA9 59=V@89?7VL B�OFG FÝEV?V 5B?OC F45O?48O.



4. TD Ý4VEV=V§ F¯D?5DV 
6Ý=5 �>?44=G 
E4?4?4DO
TD Ý4VEV=V§ 5VD=5L5 >5§V=5= 
�>?44=O?4FO= =µE�4?4DO 54D:

TD(0) 4 9§ �4D4C4=O@ AµE�4EO, 5VD �484@ 4?�4 5B?:4@ :4E4=8O.

TD(») 4 íF>9A FÝ:VD<59AV§ ÝE9DVA 5VDFVA89C 4;4=FG 4D�O?O µ;4� 
@9D;V@8V B�OFG8O �4@F4@4EO; 9F98V.

SARSA 6Ý=5 Q-learning E<O�FO Ý8VEF9D TD FÝEV?VAV§ CD4>F<>4?O� 
�B?84AOEF4DO 5B?OC F45O?48O.

�>?44=G E4?4?4DO:

�=OA84D84 (@OE4?O, L4I@4F, Go, DB5BFFO� HGF5B? :ÝA9 F.5.);

ìA8VDVEFV> CDBJ9EF9D8V B§F4=?4A8ODG84;

�6FBAB@8O DB5BFF4D8O§ �B;�4?OEOA 54E�4DG84;

-A9D7<O :¯=9?9DVA F<V@8V 54E�4DG84;

�B?:4@ @9A :BEC4D?4G :¯=9?9DVA89.



5. TD Ý4VEVAV§ 4DFO�LO?O�F4DO @5A 
L5>F5G?5DV

�DFO�LO?O�F4DO:
&Ý6VD855 54DOEOA44 A4�FO G4�OFF4 
¯9D5AG75 @¯@>VA4V> 55D54V

�DF4AO§ FB?O� @B45?VA 5V?G4V F4?4C 
5FC594V

�B?4L4�F4�O @4D4C4FF4D4O F8V@4V 
54�4?4G�4 >í@5>F5E54V

�O?44@ 559V@45?G75 6ÝA5 
EFD4F578OAO F¯75FG75 @¯@>VA4V> 
55D54V

,5>F5G?5DV:
��G CDBF5EVA45 C4D4@5FD?5D4V§ 
(@OE4?O, B�OFG �444@O A5@5E5 
75DFF5G 45§759V) 4µDOE F4§44?@4GO 
FµD4�EO74O��4 Ý>5?GV @¯@>VA

�¯D45?V BDF4?4D44 ¯9D5AG 54OG 
6¯DGV O�F8@4?

�5945 FB?O� @4D4C4F �µDO?O@O 
55?7VEV7 5B?E4, �4F5 68A4�F4?GO 
@¯@>VA



6. �>DOFO=4O
&9@C9D4FGD4?O� 4=OD@4LO?O� Ý8VEV 4 FÝ:VD<59 4D�O?O 5B?4L4�FO 5B?:4G�4 :ÝA9 L9LV@ 
�45O?84G8O :9FV?8VDG79 54�OFF4?�4A �G4FFO B�OFG FÝEV?V. �? 479AF>9 BDF4 FGD4?O A4�FO @B89?PEV; 
¯=D9AG79, 5B?4L4� AÝF<:9?9D8V 54�4?4G�4 :ÝA9 í; ÝD9>9FVA ¯;8V>EV; :9FV?8VDG79 @¯@>VA8V> 59D98V.

TD Ý8VEV >¯L9=FG@9A B�OFG E4?4EOAO§ 9§ @4§O;8O �µD4?84DOAO§ 5VDV D9FVA89 �4D4EFODO?48O. 
�AO§ <89OEO 4 :¯=9 í; �4F9?V7VA 5VDFVA89C 4;4=F4 BFODOC, B§F4=?O @VA9;-�µ?O��4 :4�OA84=8O.

�¯7VA7V F4§84 TD Ý8VEF9DV :4E4A8O <AF9??9>F, DB5BFBF9EA<>4, �4D:O 5B?:4@84DO, íA8VDVEFV 54E�4DG 
:ÝA9 QA9D79F<>4?O� :¯=9?9D8V B§F4=?4A8ODG E<O�FO >íCF979A E4?4?4D84 F45OEFO �B?84AO?G84.



�4�O?4G EµD4�F4DO

1

&5@C5D4FGD4?O� 49OD@4LO?O� (TD) Ý4VEVAV§ 
A57V77V 845OEO A545?

2

TD Ý4VEV @5A Monte Carlo Ý4VEVAV§ 
49OD@4LO?O�O �4A449?

3

TD Ý4VEVA45 475AF FÝ6VD85545A �4?49 
¯9D5A54V?

4

TD(0) 6ÝA5 TD(») Ý4VEF5DV �4A449 64�44944 
�B?44AO?44O?

5

TD Ý4VEV �4A449 4DFO�LO?O�F4D�4 85?

6

�µ? Ý4VE A4�FO �4A449 E4?4?4D44 >5§VA5A 
C4944?4AO?44O?

7

TD Ý4VEVA45 BDF4 @B45?V A5 ¯LVA �465F 5@5E?

8

TD Ý4VEV >¯L59FG@5A B�OFG4O§ 64?CO 
�µDO?O@OA44 �4A449 Dí? 4F�4D44O?
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