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Defimition

* Advantage function A (s,a) := Q(s,a) — Vi (s)

* Initial state distribution 7




Defimition

* Discounted state visitatton measure (induced by policy 1)

dr(8) =1 =) X207 P(st = s | 50 ~ n,7)

e State-action visitation distribution

dr(s,a) = (1 =) 227207 Pst = s | so ~ n,m)7(als)



Defimition

e KI. divergence

Dxr(P|Q) = ZP log<ggg)

= ZP )log P(x) — ZP(QZ) log Q(x)

—Ep log P(z)| — Ep [log Q(z)]



Asynchronous Advantage Actor-critic




Actor-critic

e Actor network

N

Policy Gradient Method > Policy optimization w(a|s)

* Cnitic network

v

Temporal Difference Learning Algorthm Policy evaluation V(s)
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A3C

Advantage Function

e Actor network

Policy Gradient Method

v

Policy optimization

* Cnitic network

v

Temporal Difference Learning Algorithm Policy evaluation



A3C

e Policy Gradient Method

max J(0) with J(€) := (1 — v)Es~, [V, (5)]
OcRd

Ori1 = Ok + (IVJ(Q;()

where VJ(0) = Es a4, [V log my(s, a) Qr, (s, a)]



A3C

e Policy Gradient Method

VoJ(0) = E,, |G:Vglogm(as|st)] REINFORCE
Vod(0) =E,, |Qr,(s,a)Vglogmg(a|ss)] Q-value Actor-Critic
Vod(0) =E,, |A(s,a)Vglogmg(as|s:)] Advantage Actor-Critic

VoJ(0) =E., [(r+ 4V, (s") — Vi, (5)) Vologmg(als)|  TD Actor-Critic



vJ(e) — ES,BNde [v |Og 7T9(5a a) Qﬂ'e (Sa a)]

U

VJ(0) = Es andy [V log mo(s, a) (Qny (s, a) = Viry(5))]

* Need to show:  Es aug, [V log ma(s, a)B(s)] =0




Asynchronous Advantage Actor-critic




Synchronous vs Asynchronous



e Actor step

9k+1 =0, + aES,GNde [(Q'ﬂ'e (Sa a’) - Vﬂ'e (8)) \% log 7T9(Sa a’)]

\ J
Y

Vo (sk, ak)

9k+1 — 01 + « [(’r(sk, g, Sk-|-1) + ’}’(;f’(Sk—|-1)T'wk - ¢(Sk)ka) wﬁ (Ska ak) + A¢9(xp)]



A3C

» Regularization

Nyp: prior distribution of states

Ty prior policy

Regularization term encourages g to mmitate 7T, Incorporating prior
knowledge 1nto training process.

IN(0) := J(0) = AEs~n, [Dir (mp(+[5)|ma(+|5))]
= J(0) + \R(0)



" Bellman equation

Vg (8) = Eomry(-|s), s'~P(:|5.0) ['r*(s, a,s’) + ’wae(s’)]



A3C

" Value Function Approximation

state feature mapping



A3C

e KI. divergence

Dxr(P|Q) = ZP log<ggg)

= ZP )log P(x) — ZP(QZ) log Q(x)

—Ep log P(z)| — Ep [log Q(z)]



A3C

Yy(s,a) := Vlogmy(s,a)

P = (sP ~ Tlps a’ ~ 71]D(“Szo))



e Unbiased Estimator

Vr(0) = VJ(0) + A\VR(0)

4

VI (0) = V() + AVR(H)



A3C

Ori1 = 0k + « [(T’(Sk, Ak, Sk+1) + 7¢(Sk+1)ka — Qb(sk)ka) Vo (Sk, ak) + APy (ajp)]
g ~ J \/_/

(X, Oy, W ): unbiased estimator of VJ(0)

Unbiased estimator of VR(0)

Orr1 = 0r + a [v(z, Ok, wi) + App(x?)]



e Critic step

TD(0) algorithm

W1 = Wi + BO(2r, W)V Vi, (51)



e T'D(0) algorithm

V(st) < V(s¢) + Blrerr + vV (se41) — V(se)]



A3C

e T'D(0) algorithm

V(st) < V(st) + BEsas |7(5,a,8") + AV, (8") — Vi, (5)]



® Value Function Approximation

Vig () = Viu(s) = o(s) " w



=I'D error

§(wp,wr) 1= 7(Sk, ak, sp1) + (Y0 (sk+1) — D(s1)) " wy,



A3C

IIg  1s a projection operator that projects a vector to a l; norm ball with

radius R,,.

It prevents the actor and critic updates from going too far in the wrong

direction.



A3C

Critic step wi+1 = g, (Wi + Bg(Tr, wi))

Actor step 9k+1 = 0 + « [U(wk, Hka wk) T A¢9($p)]




A3C

Critic step WE4+1 = HRw (Wk Bg(x(k;)awk’—’fk))

Actor step Ori1 =0+« (’U (@(k)  Ok—r Wk—'rk) T )"/}9%—% (xl()k) ))

* T1. : the delay in the kth actor and critic updates



A3C

Algorithm 1 A3C: each worker’s view.

I: Global initialize: Global counter k=0, initial fg, wp in the shared memory.
2: Worker initialize: Counter ¢ =0. Sample sg~ 1, Sg~1).
3: fort=0,1.2,--- do
4: Read #, w in the shared memory.
5 option 1 (L.i.d. sampling):
rp = (8¢ ~ fimg, » At ~ To, (+|5¢), 5§ ~ P(-|se.az)).
St), 8 ~ P(:|s¢. ar)).
option 2 (Markovian sampling):
ry = (8,0t ~ mp(+|st), ser1 ~ P(:|st,ar)).
10: Tr = (8,4t ~ mp(+|5¢), st g ~ P(-| 3¢, ar))-
I1: With probability v: $¢+1=1s;, 1: Otherwise: §;.1 ~1.

6
7: T = (Ect ~ d.ﬁat, ag ~ g, (-
8
9

12: Compute g(x¢, w) = ci(;:gf,wjvwl{d(sty
13:  Compute v(xy, 0, w) = d(x, w)ibg(Se. ay).

14: Compute g (2) with o' = (V' ~ 1, al’ ~ 7,(+]sV)).
15: In the shared memory, perform update (13).
16: end for
w1 = g, (wr + Bg(xp), Wh=r,)) (13a)

01 =0+ (”U(.’ff(k), Or—r, wk—Tk)_'_)\?v/)Qk—% (afl(jk))) (13b)



A3C

option 2 (Markovian sampling):
vt = (8t,ar ~ mo(+|8t), St41 ~ P(|s¢,ar)). Critic
flAjt = (ét;dt ~ 7T9(' .§t), 3%_’_1 ~ 7)( '§t?&t))° Actor
With probability : §¢11 = s}, ; Otherwise: 8141 ~1

* In Markovian sampling case, we maintain separate Markov chains for actor and critic.
* For Critic, we generate samples following the original transition kernel P.
* For Actor, we generate samples following a transition kernel P = yP + (1 — y)n.

If the actor’s chain evolves under P like critic, asymptotically the initial distribution 7 1s forgotten, which will

introduce asymptotic error.



A3C

option 1 (i.i.d. sampling):
T = (St ~ flrg, > Gt ™ 7'('91;(-’375)’ 3% ~ P("St, (Lt)) Critic
€Ty = (§t ~ d’fTQt’ &t ~ 7T9t("§t), '§t ~ 7)( =§t7 &t)) Actor

Uz, 18 the stationary distribution of the Markov chain with transition distribution P and my.
* dg, 1s the discounted state visitation measure induced by policy 7g.



A3C

* Advantage

Tramning time roughly reduces linearly as the number of workers increases.
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Figure 3: Convergence results of A3C with 1.1.d. sampling in synthetic environment.



= Advantage

It operates 1n both discrete and continuous action spaces.



" Disadvantage

The delayed parameters introduce extra error.



A3C

Critic step

Actor step

Critic step

Actor step

wi1 = g, (Wi + Bg(zr, wr))

Ori1 = 01 + a[v(zk, Ok, wi) + Apo(x?)]

* error
g(il?, wk—m) - g(:)}, wk‘)
(2, Op—r, Wi r, ) — V(2 O, W)

w1 = g, (W + Bg(z k), Wi—r,))

Okr1=0r (U(jj(k:) ’ Hk_Tk; » Wk—1y, ) —l_)\w@k—% (xz(?]f) ))



A3C

Critic step

Actor step

Critic step

Actor step

wi1 = g, (Wi + Bg(zr, wr))

Ori1 = 01 + a[v(zk, Ok, wi) + Apo(x?)]

* error
g(il?, wk—m) - g(:)}, wk‘)
(2, Op—r, Wi r, ) — V(2 O, W)

w1 = g, (W + Bg(z k), Wi—r,))

Okr1=0r (U(jj(k:) ’ Hk_Tk; » Wk—1y, ) —l_)\w@k—% (xz(?]f) ))



‘Thank you for listening
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