Soft Actor Critic

Qr(spar) = IEstH,aHl,...[Z?io Vlr(5t+l)]7

Ve(se) = Eqpseiq,.. (X0 Vlr(5t+l)]7

Policy Evaluation

Vi (s) = Tgr P(s'ls, me () [r + y V™ (s))]

Policy Improvement

Tg41(s) = argmax Y, P(s'|s, a)[r + yV7™r(s)]
a

n(als, 6

VI(6) o 35 u(s) Xa(gn(s, @) — b(s))Vn(als,6)
V/(6) = E.[Vglogmg (a;| sp)A,]

pr: Trajectory distribution induced
by a policy =.
Pz (ss) & pr(ss ap) state marginal of
trajectory distribution induced by
policy m(s¢, ar)
Max-Entropy RL

T

JG) = z Egs,a0yp, (5t ac) + a# (- |s0))]
t=0

Soft action value function

T7Q(se, ar) 2 r(se,ar) + VEs,,  ~plV(spiq)]
Soft state value function

V(st) = Eq,~r[Q(s¢, ap) — logm(a;|s,)]

Tabular Representation

Partition function: Z™eu(s,)
0: Policy parameters
wy: State — value parameters
wg: Action — value parameters

e Soft Policy Iteration

— Soft Policy Evaluation
Q¥+l = 77Qk; Sequence Q* converges as k -
If entropy augmented reward is:
To(se, ar) 2 7(sp,ar) + Eg <y [7—[(7'[(- |st+1))]
The update rule can be rewritten as:
Q(se, ar) « 17(s, ap) + VEs,,. [Q(st41, Aps1)]

— Soft Policy Improvement
Tnew (- |5p) = arg min Dy (' (- Is) 1l €@
Tnew (- |s) = arg min Jrr,,, (7'C: |s¢))
]nold(ﬂnew(' |St)) angld(”old(' |St))' Hence,
Eq,~r,,, 108 Tnew (s, sp) — Q0 (s, ap) + log Z™otd(s,)} <
Eq,~m,, 108 Toa(as, sp) — Q™o (s, ap) +log Z™0w ()]

~p.at+1~T

Told (s¢,)—log ZTold (St))

Since, partition function Z™0d . depends only on state, the

inequality becomes
IEat~nneW[QTEOld (St: at) - lOg 7Tnew(airlst)] > VTold (St)
Qo (sy, ap) = r(sg, ap) + VIEst+1~p[Vn°ld (5¢41)]

Qmou(sy, a,) < (s, an) + VEs i ~p [Eat+1~nngW[Qnou(St+1! ayq) —log T[new(at+1|5t+1)]]

— Soft Actor — Critic

o) = B [3 (V50 — Eayemy [ Qurg 1, 2) — og (a5

1 N 2
Jo(o) = Fsgay s [E(QWQ(st, a0 - Qse,a)) ]

Qs ar) = (s, a) + ylEs[+1~p[VvT/,,(St+1)]

e Soft Actor — Critic

Vun v (W) = Vi Vi, (59 (Vi (5) = Eaporry [Quig(ser2e) —
logmo(ayls)|)

ﬁwQ ]Q(WQ) =Vu, QWQ(St’ ar) <QWQ(St' ar) —r(sy,ar) — vaT/v(St+1))
Q(spap) = (s, ap) + yIESt+1~p[VW,,(St+1)]

ar = fo(e; se)

Vo Jn(6) = Vg logmg(arls) + (Va, logmo(arls,) -
vatQ(St' at)) Vofo(ers se)

Algorithm 1: Soft Actor — Critic

Initicalize parameter vectors wy, wy, wy, 8
for iteration = 1,2, ... do
for timestep = 1,2,...,N do
ar ~ mg(aclsy)
Str1 ~ P(Se41lSe ar)
D « D U{(ssas,r(ssap),See1)}
end for
for timestep = 1,2, ...,N do
Wy < Wy — AV,V\WV]V(WV)
Wo, & Wo, — AQi’V\WQlJQ(WQi) fori e {1,2}
0«0 —1,99].(6)
wy « twy + (1 —Dwy,

wo, (se,)—log Z,  (s¢)
J2(6) = Eg,.p [DKL (”9(' |se) [l e@wa st/ mi08 Awglse )] end for
end for
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   Q  k + 1 =  𝒯 𝜋  Q k


   Q k


  k → ∞


   r 𝜋  (   s t ,  a t ) ≜ r  (   s t ,  a t ) +  𝔼   s  t + 1 ∼ p  [  ℋ  (  𝜋  (  ⋅ |  s  t + 1 ) ) ]


  Q  (   s t ,  a t ) ←  r 𝜋  (   s t ,  a t ) + 𝛾  𝔼   s  t + 1 ∼ p ,    a  t + 1 ∼ 𝜋  [  Q  (   s  t + 1 ,  a  t + 1 ) ]


   𝜋  n e w  ( ⋅ |   s t ) =   arg ⁡      min   𝜋 ′ ∈   Π ⁡   D  K L  (   𝜋 ′  (  ⋅ |  s t ) ∥  e   Q   𝜋  o l d  (   s t , ⋅ ) −   log ⁡   Z   𝜋  o l d  (   s t ) )


   𝜋  n e w  ( ⋅ |   s t ) =   arg ⁡      min   𝜋 ′ ∈   Π ⁡   J   𝜋  o l d  (   𝜋 ′  (  ⋅ |  s t ) )


   J   𝜋  o l d  (   𝜋  n e w  (  ⋅ |  s t ) ) ≤  J   𝜋  o l d  (   𝜋  o l d  (  ⋅ |  s t ) )


   𝔼   a t ∼  𝜋  n e w  [    log ⁡   𝜋  n e w  (   a t ,    s t ) −  Q   𝜋  o l d  (   s t ,  a t ) +   log ⁡   Z   𝜋  o l d  (   s t ) ] ≤  𝔼   a t ∼  𝜋  o l d  [    log ⁡   𝜋  o l d  (   a t ,    s t ) −  Q   𝜋  o l d  (   s t ,  a t ) +   log ⁡   Z   𝜋  o l d  (   s t ) ]


   Z   𝜋  o l d


   𝔼   a t ∼  𝜋  n e w  [   Q   𝜋  o l d  (   s t ,  a t ) −   log ⁡   𝜋  n e w  (   a t |  s t ) ] ≥  V   𝜋  o l d  (   s t )


   Q   𝜋  o l d  (   s t ,  a t ) = r  (   s t ,  a t ) + 𝛾  𝔼   s  t + 1 ∼ p  [   V   𝜋  o l d  (   s  t + 1 ) ]


   Q   𝜋  o l d  (   s t ,  a t ) ≤ r  (   s t ,  a t ) + 𝛾  𝔼   s  t + 1 ∼ p  [   𝔼   a  t + 1 ∼  𝜋  n e w  [   Q   𝜋  o l d  (   s  t + 1 ,  a  t + 1 ) −   log ⁡   𝜋  n e w  (   a  t + 1 |  s  t + 1 ) ] ]


   J V  (   w V ) =  𝔼   s t ∼ 𝒟  [   1 2    (   V   w V  (   s t ) −  𝔼   a t ∼  𝜋 𝜃  [   Q   w Q  (   s t ,  a t ) −   log ⁡   𝜋 𝜃  (   a t |  s t ) ] ) 2 ]


   J Q  (   w Q ) =  𝔼   (   s t ,  a t ) ∼ 𝒟  [   1 2    (   Q   w Q  (   s t ,  a t ) −  Q ^  (   s t ,  a t ) ) 2 ]


   Q ^  (   s t ,  a t ) = r  (   s t ,  a t ) + 𝛾  𝔼   s  t + 1 ∼ p  [   V     w - v  (   s  t + 1 ) ]


   J 𝜋  ( 𝜃 ) =  𝔼   s t ∼ 𝒟  [   D  K L  (   𝜋 𝜃  (  ⋅ |  s t ) ∥  e   Q   w Q  (   s t , ⋅ ) −   log ⁡   Z   w Q  (   s t ) ) ]


   w V ,      w - V ,    w Q , 𝜃


  i t e r a t i o n = 1 , 2 , …


  t i m e s t e p = 1 , 2 , … , N


   a t ∼  𝜋 𝜃  (   a t |  s t )


   s  t + 1 ∼ p  (   s  t + 1 |  s t ,  a t )


  𝒟 ← 𝒟 ∪  {   (   s t ,    a t ,   r  (   s t ,  a t ) ,  s  t + 1 ) }


  t i m e s t e p = 1 , 2 , … , N


   w V ←  w V −  𝜆 V    ∇ ^   w V  J V  (   w V )


   w   Q i ←  w   Q i −  𝜆   Q i    ∇ ^   w   Q i  J Q  (   w   Q i )  


    i ∈  {  1 ,   2 }


  𝜃 ← 𝜃 −  𝜆 𝜋    ∇ ^ 𝜃  J 𝜋  ( 𝜃 )


     w - V ← 𝜏  w V +  (  1 − 𝜏 )    w - V


   Q 𝜋  (   s t ,  a t ) =  𝔼   s  t + 1 ,    a  t + 1 , …  [   ∑  l = 0 ∞   𝛾 l r (  s  t + l ) ]


   V 𝜋  (   s t ) =  𝔼   a t ,    s  t + 1 , …    [   ∑  l = 0 ∞   𝛾 l r (  s  t + l ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


   𝜋  k + 1  ( s ) =   argmax a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


  ∇ J  ( 𝜃 ) =  𝔼 𝜋  [   G t   ∇ 𝜋  ( a |  s , 𝜃 )  𝜋  ( a |  s , 𝜃 ) ]


  ∇ J  ( 𝜃 ) ∝  ∑ s  𝜇  ( s )  ∑ a   (   q 𝜋  (  s , a ) − b  ( s ) ) ∇ 𝜋  ( a |  s , 𝜃 )


  ∇ J  ( 𝜃 ) =  𝔼 𝜋  [   ∇ 𝜃   log ⁡   𝜋 𝜃  (   a t |     s t )    A ^ t ]


   𝜌 𝜋 :


  𝜋


   𝜌 𝜋  (   s t )


   𝜌 𝜋 (  s t ,  a t )


  𝜋 (  s t ,    a t )


  J  ( 𝜋 ) =  ∑  t = 0 T   𝔼    ( s t ,  a t ) ∼  𝜌 𝜋  [  r  (   s t ,  a t ) + 𝛼 ℋ  (  𝜋 ( ⋅ |  s t ) ) ]


   𝒯 𝜋 Q  (   s t ,  a t ) ≜ r  (   s t ,  a t ) + 𝛾  𝔼   s  t + 1 ∼ p  [  V  (   s  t + 1 ) ]


  V  (   s t ) =  𝔼   a t ∼ 𝜋  [  Q  (   s t ,  a t ) −   log ⁡  𝜋  (   a t |  s t ) ]


   Z   𝜋  o l d  (   s t )


  𝜃


   w V


   w Q


     ∇ ^   w V  J V  (   w V ) =  ∇   w V  V   w V  (   s t )  (   V   w V  (   s t ) −  𝔼   a t ∼  𝜋 𝜃  [   Q   w Q  (   s t ,  a t ) −   log ⁡   𝜋 𝜃  (   a t |  s t ) ] )


     ∇ ^   w Q    J Q  (   w Q ) =  ∇   w Q  Q   w Q  (   s t ,  a t )  (   Q   w Q  (   s t ,  a t ) − r  (   s t ,  a t ) − 𝛾  V     w - v  (   s  t + 1 ) )


   Q ^  (   s t ,  a t ) = r  (   s t ,  a t ) + 𝛾  𝔼   s  t + 1 ∼ p  [   V     w - v  (   s  t + 1 ) ]


   a t =  f 𝜃  (   𝜖 t ;  s t )


     ∇ ^ 𝜃    J 𝜋  ( 𝜃 ) =  ∇ 𝜃   log ⁡   𝜋 𝜃  (   a t |  s t ) +  (   ∇   a t   log ⁡   𝜋 𝜃  (   a t |  s t ) −  ∇   a t Q  (   s t ,  a t ) )  ∇ 𝜃  f 𝜃  (   𝜖 t ;  s t )



