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Information 
stored for
state x , 
action  u 

Update rules Bellman equation Direct Converge

to  * 
Cont. 
time

Q -learning Q ( x , u )       yes yes no

Value iteration V ( x )         no yes yes 

Advantage 

  

updating
V ( x ) 

  

A ( x , u ) 

  

  
For a randomly, uniformly chosen action:

  

  

yes yes yes 

Q 
α ←   R + γ ∆ t max ′ Q Q = E R + γ ∆ t max ′ Q [ ] 

V α ←   R + γ ∆ t max ′ V V = E R + γ ∆ t max ′ V [ ] 
A α ←   A 

ref 
+ ( R + γ ∆ t ′ V − V ) ∆ t 

V 
β ←   V + ∆ A 

ref 
α 

A 
ω ←   A − A 

ref 

V = E R + γ ∆ t ′ V [ ] − A ∆ t 

A 
ref 
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2 ( ) d τ 
t 

t + ∆ t 

∫ 

¯ lim °

BA=¥F.\MZy6y\_;(\_BAK�DG6:CV=pSI;(DsL�6:9<6:=p\b\_; J 6�9�BAÎ[CV9UCMÏ�68F.CMq

γ 
∆ t ( ) i R 

∆ t 
( x 

i ∆ t 
, 

i = 0 

∞ 

∑ u 
i ∆ t 

) 
¯ liú °

[ CVn�6(=¨\MZ]CMq"L�;:=p\oDG;:KdQ�DG; J Ko6(9�fªCV\�CMq.QR;8qzq§C J KM6�\_;
L�BAKoLO�]KoBA\_6�\MZ¥6�;:Q�\MCV9�BAKªQR;:KVCoL�`�Ö�ü8¯ Ð�°�f�npBAKV�y6�S��p=yLO\oCo;:=
�/ü8¯ Ð�°Ñf]²,npBAKV�y6�S��p=yLO\oCo;(=¦²4ü{¯ Ð�fý�b°�f¥BA=yF<BiF8npBA=]\ABAYp6
S��p=yLO\MCo;(=��"ü8¯ Ð�fý�b°Ñ? e^Z¥6{q_6�S��]=yLO\MCo;(=yq4BADG6ÙKVCV=¥6{BAD£;(D
�A�¥BiF8DGBA\MCoLrSI;(D�BAKVKLa��¥B�=yFcbOÖ l ?

π * ( x ) = − k 
1 
x 

¯ k �}°
¯ kil °

A * ( x , u ) = − k 
3 
( k 

1 
x + u ) 2 ¯ kik °

Q * ( x , u ) = 

− ( k 2 + ∆ tk1 
2 k 3 ) x 2 − 2 ∆ tk1 k 3 xu − ∆ tk3 u 2 
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k 1 = 
1 − γ ∆ t 

∆ t 

 

 
 

 

 
 

2 γ ∆ t − 2 ∆ t ln γ − 2 − ( 1 − γ ∆ t ) ln 2 γ + ( 2 + ln 2 γ ) 2 ( 1 − γ ∆ t ) 2 − 4 ∆ t 2 γ ∆ t ln2 γ 

2 − 2 γ 2 ∆ t + 4 ∆ t γ ∆ t ln γ + ( 1 − γ 2 ∆ t ) ln2 γ + ( 1 − γ ∆ t ) ( 2 + ln 2 γ ) 2 ( 1 − γ ∆ t ) 2 − 4 ∆ t 2 γ ∆ t ln2 γ 

¯ k ��°

k 2 = 
( 2 + ln2 γ ) ( 1 − γ ∆ t ) 2 − 2 ∆ t 2 γ ∆ t ln 2 γ − ( 1 − γ ∆ t ) ( 2 + ln 2 γ ) 2 ( 1 − γ ∆ t ) 2 − 4 ∆ t 2 γ ∆ t ln 2 γ 

2 ∆ t 2 γ ∆ t ln 3 γ 

¯ k ji°



k 3 = 
( 2 + ln2 γ ) ( γ 2 ∆ t − 1 ) − 4 ∆ t γ ∆ t ln γ − ( 1 − γ ∆ t ) ( 2 + ln 2 γ ) 2 ( 1 − γ ∆ t ) 2 − 4 ∆ t 2 γ ∆ t ln 2 γ 

2 ∆ t γ ln 3 γ 

¯ k gi°


