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B Advantage Actor-Critic method.

B Soft Actor Critic
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ACTT AR
Value-Based Actor-Critic Policy-Based
Methods Methods Methods

B ValueBased: ZNEVMEREL Qr (st ar) = E(Uglst, ar)
B Policy based: K& M %% m(als; 6)

B Actorcritic: 456 1 SRESES EERIR 7270 ) vk
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n
>

State s feature 0

v(s; w) \

———— Policy ——

Actor

B Actor: HESMZEm(als; 8), ok EFENE-

B Critic: HMER %0 (sp w), 505 A5 2RO, T 2200 ARAS A A T f
VEHOTE S, 55 5 W ) 4 B

—[ Environment }a

B JIZ5Hbr:ikactorf) BN reward I {E /R A BE R,  1hcriticH PR IR RBRHE .
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B REINFORCE with baseline
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PG with baseline
W OCRSTMEREG Ve(s) = EgerlQr(s, A)] = Xon(als; 0) - Qr(s,a)
B R 6VH;S)—EA~R[6IHR(A|SB) 0..(s, 4))]
B Baselineb: 1% baseline b2 7+ AH)
20

=b§h??:: Lmlmemgym =EMWFMHM“B)QA Aﬂ Emﬁrmﬁ?“m*b

_p.y, 2nls®)

=b-2= = 0.
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PG with baseline

_ LN S UR(VE

=g (A¢)

[a In n(‘;ﬂS; 0) - (Qr(s,A;) —b)

O BEHUIRE: ag~n(-[s:6) > iF5g(a)= 2200 (g (5,a,) ~ b)

O FEYLESE BT 0 <« 0+ B -g(ay)
B baseline[fJi%& I

O b= Vn(st)zmAt[Qn(st!At)] s spre W B HE, FrbAbse AL TA 1), Ve (s) MQr (st Ap)
B Iin
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REINFORCE with baseline

d1ln n(at|5t; 6)

[ BJEHL%H}%EEE g(at)= PY: ) (Qn(st: at) - Vn(st))

B S RIS T2 Qr (se, ar):
O A -—Zktrajectory: S, s, Tty Sta1s Aes 1y Te41s e r Sro Gy T

O Qr(st ar) = U = ?=t Vi_t T
B AHUMEMEITDE RN (s 0) 0 v(se) = Vi(se; w)

dlnm(assy; 0
m g(a) ~ = 2GR0y (s w)
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REINFORCE with baseline

B DR

O bt— =ik, Wll—2%trajectory: S¢, A, T, St41, Qe 1s Te41s oo r Sn» O T
Oit5E: U =3, y ot M = v (s 0) — Uy

dIn n(at|St; 8)
a0

O S RSM%: 6 <0 —L -6,

O FHNER%: w e w—a- 6 22

ow

HEEnK: t=1,2,3,...,Nn
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B Advantage Actor-Critic method.
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Advantage Actor-Critic(A2C) \
M — Zktrajectory: sg, A, T, St1r Qe Teats - » S Qo T

d ln ”(at|5ti 9) /\ Qﬂ(st,at) ~ U = Z?q y":‘t T

g(at): PY: ) (:Qn(st! at) ] Vn(st))

\\ FAMME M IT BRIV, (55 0) + vp(sy) = V(s w)

B Q(sp,ar) = E(U¢lsyar) = [EsHl,AHl[Rt +v - Qrn(St41,A¢41)]

[l Vn(st) = [EA~7I[Q1I(St!A)]

S — X Transition ( S, ar, Ty, Spy1)

= Egy, [Re +7 - Eay, [0n(Ser1, Acs)]] —)

Qr(spar) =1+ v - Vp(See1)
= [EsHl[Rt + v - Ve(Ser1)]

B V.(st) = EgurQr(sp, A)] = [EAt,St_,_l[Rt + v Ve (Ser1)]
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Advantage Actor-Critic(A2C)

dlnn(a.|sy; 0
B (0= OO () - 0 ()

Advantege

B AxcHE DR

O Wil — 2 Transition::  (s¢, Qg 7e, Ser1) O LI i 2] B t+m-a i —

‘ —>
O 115 TDtarget: y, =7+ ¥ - v (Sppq; @)

O i+5iTDerror: 8 = v(s;;w) —y:

Oy =Y"" Y e +y™

dIn 71'(0.1—'5{;; 9)
a0

O FEHRRSELS: 0 08— -6

O EH O ER%: o co—0-6 - 2200

7/27/2021 IR KON B 3 4 ) S

{(St4i» At is Teis St4it1)

S

2K ENE

U (St4m; @)
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Asynchronous Advantage Actor-Critic(A3C)

Global Network

Policy w(s) Vis)

Network

L 3

Input (s)

S e a0

Worker 1 Worker 2 Worker 3

! ! I

Environment 1 Environment 2 Environment 3 ---

Worker n

!

Environment n

state
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———— Policy ——

Actor

. D
Critic ] error
. Valu_-:-r

Function
I
y

reward

—[ Environment }a

action
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Asynchronous Advantage Actor-Critic(A3C)

Algorithm S3 Asynchronous advantage actor-critic - pseudocode for each actor-learner thread.

/ Assume global shared parameter vectors 8 and 8, and global shared counter T' =
/! Assume thread-specific parameter vectors 8’ and 6.,
Initialize thread step counter ¢ < 1
repeat
Reset gradients: df + 0 and df, + 0.
Synchronize thread-specific parameters #' = #and 6, = 6,

t:&'éur‘i — t
Gel state 54
repeat

Perform a, according to policy m(a,|s,;8")
Receive reward r; and new state 5441

t+t4+1
T+T+1
until terminal s; or t — tetart == tinas
R— 0 for terminal s,
= Welge ) for non-terminal s;// Bootstrap from last state

. E.‘:‘f{l?"f} do

Accumulate gradients wrt 8": df < dfl + Vo log w(ai|si: 8') (R — V(s:;6,))
Accumulate gradients wrt 8,: df, + df, + & (R — V (s::6.,))° /96,
end for
Perform asynchronous update of # using df and of &, using dfl,,.
until T > Thax
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B Soft Actor Critic
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TRPO \ DDPG \
Kl |
L Y

PPO TD3

Soft Actor Critic

B A3C. TRPOMIPPO7v%: BENLIME, On-Policy, low sample efficiency, stable

\f”f

SAC

W DDPGAITD3/ ik HisE LSRN, replay buffer, better Sample
efficiency ,unstable

B SAC: [ENLIRE, replay buffer + entropy regularization, stable and sample efficient
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mg Theorem 1 (Soft Policy Iteration). Repeated application of
Soft Actor Critic

soft policy evaluation and soft policy improvement from any
7w € Il converges to a policy ™ such that Q™ (sy, a;) >
Q™ (s¢,a;) forall m € Il and (s;,a;) € S x A, assuming

&
B Soft: entropy J(m) =Y Es,a)~ps [F(st,a:) + offl(n(-[st))] - |A| < .
t=0

J(ﬂ-) - Z E(St,at)"“ﬁ“ [Z ’}(I_t ES:NP‘HE ~T [7’(St, at) 3 O‘H(ﬂ-( i |St))|st= at] g

t=0 =i

B Soft Policy evaluation(Critic): 7" Q(s¢.a;) = r(sp ar) + 7 B,y op [V (St41)]

V(st) = Ea,~n [Q(st,a¢) — log m(at|st)]

B Soft Policy improvement(Actor): Tnew = arg ﬂ}éll}[DKL (?T’( ‘[st)
m

exp (@™ (sy, - ))
Z™eld (54) )
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Soft Actor Critic

B State value function: Vi (st) soft Q function: Qu(s¢, ay) a tractable policy : mg(a¢|s;)
B Soft value function update: MSE

O Hfr$: Jv(v) =Es,~p [% (Vi (st) — Eayom, [Qo(st, ar) — log w(af\sf)])z]

O LBt Vv (¥) = VyVi(se) (Vi(se) — Qo(se, ar) + log my (ast))
B Soft Q function : soft Bellman residual MSE

O HArk %, @) =Esa)~p B (Qa(staat) = @(Staat)) 1

Q(st,a) = r(sp,a;) + VEs, i~p [V;E(SHIH

O Jofmf A1t '@QJQ(@) = VgQp(as,st) (QH(St: at) — r(se at) — ’TVLE(SHl))
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Soft Actor Critic

B Policy improvement (actor):

O HireR%: Jn(9) = Eg, 1 |:DKL (%(-St)

exp (Qo(st, )))}
jfg(st)

O Action reparameterize trick:  a; = fg(€s:8¢),

O Hiret%e J,.(0)

= Eg,~D e~ 108 T (fo (€13 8t)[81) — Qo(St, f(€rsst))]

O BEEffil:  Vede(0) = Valogms(assy)

7/27/2021

+ (Vg log 'ﬂ"cﬁ;(at‘st) — Va, Q(st,a:)) Vg fa(er; se)
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| | | ( \l
oft Actor Critic *
Input Embedder Input Embedder
!
l Middleware
Algorithm 1 Soft Actor-Critic s . X .
p— Dense 'D:;’e i
Initialize parameter VectDrS T"i’, .If'il/‘, 9, {;EI). ‘ Num outputs r::n_acmns Nu:nul{:hl;ts;ml_aglgns
. 1 1 = Policy Exponetiate
for each iteration do sornor s i Fedanit ‘ ’ ] -
for each environment step do GasnDstn Head
ay ~ mp(ac|st) . I .
[ swevae ] S
St41 ™ p(5f+1‘5t:at) . w, - (peoncicios ] [ _Poir |
D + DU{(st, as,7(S¢,a¢),St41)} : . ' l
end f[)l‘ Input Embedder  Input Embedder Input Embedder  Input Embedder
for each gradient step do S AR
Y — P — Ay Vydy () : :
0; < 0; — AoV, Jo(8;) fori € {1,2} Middleware Middleware
¢ ¢ — AxVedr(0) l |
Tz i i Q se se
(lll'l_; <_ T(I‘,'I/‘ + (]_ i T)lf"_,} Networks NM\[:::putsl Num?:?tpu[s 1
end for
end for
(Site Acion Vaioe 1] [ Stat Acton Vaivez ]
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Soft Actor Critic
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SEt

B REINFORCE with baseline : 72 K B& 6 & [\IMonte carlofit A, S 7S 2 M EEAN B IIE v SR RE
K, 34 pR B RS B ) S S AR = baseline . 18T SRIEER E_ETH I 2R SR IE X 2%

B Actor-Critic: /2 KBS LRI TDIRAS, RFAREGETD error. 18I I 25 5K HE X 2454E A Actor,

(B R4 1 A Critic. Actor F T (i e, ST SRMRBEIE 472 5 Criticiis it
VLM R EOR T (55 5 # (017 3)

B A3C: FPMIA2C, FAZACPUITIEZ Tworker, MOSLXTASTTIRE, 2% HAEMH T
HAT R R 2 5 22 B Hrglobal network

B Soft actor critic: 5| A\ T & KM actor-critic /774, off policy. Sl 1 F e M AR A F]
I R o
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Thanks!
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B R 3] ER AR

B A3C:

B A3cEZ50mM 2 >80 https://datawhalechina.github.io/easy-rl/#/chapterg/chapterg?id=a3c

B SAC: http://arxiv.org/abs/1801.01290

[t
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