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Trust Region Policy Optimization(TRPO)---Review: MDP

MDP: (S,A,P,1,7,p,)

S :is the finite set of states
A : is the finite set of actions
P:Sx AxS — R :isthe transition probability distribution

r:S — R :is the reward function
P - S = R :is the distribution of the initial state S,

Q. (518) =By o, [ 7'r(s0)]
Vo(5) =B [ 7'7(600)]
A(5,2)=0Q,(5,2) -V, (5)

1) =By (X775



Trust Region Policy Optimization(TRPO)---Review: REINFORCE
e

et Vr(AlS,,0)
vn(0)=E.[rQ.(5. A) (A 15.0) ] 0'=0+ G vz(A|S,0)
— (A ]S, 0)
“E [/'G Vﬂ(A|St,9)] ~ t
(A 1S.,6) 0'=0+ayGVlogrz(A|S, 0)
With Baseline: Zb(s)veﬂ(a |5,0) =0

Vn(0)D 3.d.(5)),(Q.(s,)-b(s))Vz(als,0)

0'=0-+ay'(G,~b(S,)V log r(A | S,,0)

b(S,)UV(S,) can reduce the variance.



Trust Region Policy Optimization(TRPO)---Review: Dynamic Programing

» Policy Iteration:

evaluation
vy

TN
V.(8)<Q,(s,7(s)) SV,.(5) = v V.(s)=) z(al S)Z P(s',r[s,a)[r+V, (s)]
7'(s) 0 argmax, Q_(s,a) mprovement |

=max, > P(s',r|s,a)[r + W, (s

ne—— "

» Value Iteration:

_ . : V.(8)<Q.(5,7())
V() maxV, (s)=max ; P(s',r|s,a)[r+V.(s)] R+ V(SIS =]
7'(s)=max, 3 P(s'r s, a)[r + V(5] <E[Ru+7Q. (S ()18, =]

= E;r'[RHl + 7/E7r'[Rt+2 + yvn (St+2)] | St = S]
= E;r'[RHl +7/Rt+2 + }/zvﬂ(st+2)] | St = S]

< Ezz'[Rt+l+7Rt+2 +7/2Rt+3 +] | St = S]
=V..(s)



Trust Region Policy Optimization(TRPO)

Policy Improvement :

n(r) 2 n(z)
So how to find policy 77 ?

() = 77(72)+ZZ P(s, —Slﬂ)Zﬂ(aIS)V A.(s,a)

t=0 s

—77(7z)+227/ P(s, —s|7r)27z(a|s)A (s,a)

s t=0

=n(r)+ Y p (5)D z(als)A.(s,a)



Trust Region Policy Optimization(TRPO)
T

Policy Improvement :

n(7) 2 n(x)

Define:
L, (m)=n(z)+ D p.(s)) 7@l s)A,(s,a)
We have: S i
L;r,,o (7[90) = 77(7790)

Vel—;zeo (7,) |9:90 =V, n(z,) |e=90

A sufficiently small step that improves Lﬂa0 (74,) will also improve 77



Trust Region Policy Optimization(TRPO)
T

n(z)=n(z)+2 p,(s)) 7(@ls)A,(sa)
L. (z)=n(7)+ 2 p.(5) ), 7(a|s)A,(s,a)

Notice:
r'=argmax_.L_ (7
old 287/ )
z.(@ls)=1-a)r,@ls)+ar' M) 2 L, (ﬂnew)—(l_y)za
&=max, | Eam.(als)[Aﬁ (s,a)]|
Then:
D, (pllg) == ZI P, —|
D max D S S
(7, ) = max, Dy, (7(1) [ () ) ) > L (r) -2 o
o= D'II'T\]/aX(ﬂold’ﬁnew ° (1_7/)

g=max,, | A, (s,a)]



Trust Region Policy Optimization(TRPO)
T

n(z)=n(z)+2 p,(s)) 7(@ls)A,(sa)
L. (z)=n(7)+ 2 p.(5) ), 7(a|s)A,(s,a)

Notice:
r'=argmax_.L_ (7
old 287/ )
z..@ls)=(1-a)zr,(als)+ar’  N(me) 2L, (ﬂnew)—(l_y)za
&=max, | Eam.(a|s)[Aﬁ (s,a)]|
Then:
D, (plla) == ZI P, —q |
D max D S S
(7, ) = max, Dy, (7(1) [ () ) ) > L (r) -2 o
o= D'II'T\]/aX(ﬂold’ﬂnew ° (1_7/)

g=max,, | A, (s,a)]



Trust Region Policy Optimization(TRPO)
T

D, (pll9)* <D, (pllq)

Dy (77, ) = max, D, (z(s) || #(1 s))

Define;

dg
77(7Z-new) 2 L”old (7Z-new) o A 2 a2 n(ﬂnew) 2 L;z' ld (ﬂ-new) _CDITLaX (ﬂ-old 1 7 new
1-7) ;

Define:

M, () = L, (x) ~CDE™ (m, 7)
We have: n(z.,,) =M, (7,,)

n(z)=M,(r,)
n(z,.) —n(r) =M (x;,,) —M,(7;)

So when: 7, =argmax_M.(x)

n(zi,.) —n(7) 2 M, (7,,,) —M;(7;) 20



Trust Region Policy Optimization(TRPO)
T

Algorithm 1 Policy iteration algorithm guaranteeing non-
decreasing expected return 7

Initialize .

for: =0,1,2,... until convergence do
Compute all advantage values A, (s, a).
Solve the constrained optimization problem

711 = argmax [L,. () — CDg{* (m;, 7))

T

where C' = 4ev/(1 — 7)?
and L, (1) =1(m)+ 3 pr(5)S " (al3) A, (5, 0

end for




Trust Region Policy Optimization(TRPO)

|
=argmax_ M. (z)
=argmax_[L,_(7)-CDg™ (7, 7)]

= arg max [77(7Z)+Z,0 (S)Zz(a|s)A (s,a) —-CDY™(r,, 7)]

= arg max [Zp (S)Zn(a|s)A (s,a) —CD™(x,, )]
Trust Region Constraint:
max imize, Y o, (S)Z r(als)A, (s,a)
Subject to | D”‘""X(z n)<6

Approximation:

max imize, > p, (S)Z my(als)A, (s,a)
Subject to p"°"‘ (6,4.0) <6

Dki(6,6,) U Ey.[Dy (7, 18) | 7, 1 9))]



Trust Region Policy Optimization(TRPO)
T

Z%(aIS)Ag (s.8) =B, o[———

m,(als,)

q@ls,)

my(als,)
stgld a[]q[ q( |S ) Qeold( n’ )]

Ay, (8p, )]

max imize,E

Subject to ESDpeold [Di (7[00,(, Us) =z, Os)l<o

Look Back: optimal step size, trust region



Proximal Policy Optimization Algorithms(PPO)
T

Policy Gradient Methods:

Gradient Estimator:

g= Et[va Iog ﬂe(at |St)A&]
Objective:

L™ = E [logz,(a, |s)Al

Trust Region Methods:

”a(at |'s,)
 @ls) ™

Subjectto  E,[Dy (7, (19) |7, ()] <5

max imize,E,[

Objective:

max imize, Et[;zg (al |S;)) Al-BDy (z, As)l7,(0s))]




Proximal Policy Optimization Algorithms(PPO)
T

r(e): ﬂe(at |St)
t zrm (a[s)

Define;

. - . CPI ﬂg(at |St)
TRPO Objective: | —E —E[r.(0
jective t[%oId @ls) Al=E[r(0)A]

PPO Obijective: L= = E,[min(r (0) A, clip(r,(8),1- &,1+ £) A)]
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