
Standard MDP Maximum Entropy MDP

State :
S S

Actions : A A

Reward : VCS,a) r(s,a) + x7t(a(s)

Transition : PCSIs, a) PCSIs, a)

Discount : J J

optimal policy : *-aymaxEEstan[USIG)] Tost=aymax Esta[U(SGe)+CALSes)]

Definition :

optimal policy. Tof = arymax Estat [VIStt)+17))]

value function. Vst(s) = Esraa[USeat) +27tLaISes)]

Action-value function: &fe(So ,90) = U1So
.
90)+ Esta [VIStat)+<Ft(1st)]]

Therem

Qfe(Sal = r(S,
a) + Es[VALS)]

Vols) = xztEss) + Ez(als)&frisas Easy to see

Theorem : Energy Form

Given a policy in with value functionAsfe , V
the greedy policyrrt To is Els)=arymax Zolas)&fls,a) + LECs)

&felS,
(s)) = <log exp(@sofels,a)/)

Erlals)=

exp(sofels,a) (n)

exp(a(sa)()
= expl* TASels,a) - AISIs)]]

Els) = anyala)@sfels,
a) +ALS)

= aryma Zas) [Asfelsa) - clogzulalss]

X
min-Xi)a : -clogki) 3 = Convex (optimavalueisnegadeaSt. +



2(v) = - xi (a:
-<loyxi) + v(zXi+)

#x =
- ai + <(H+logxi)+ Vi=

xi (v) = exp( -1)

g(r) = - Eexp(+)(u+) + u(zexp( +) + )
=

-=exp(an - 1) - v

58/ = &exp(+) - 1 = exp(-E ) =exp( -1) + =

v
*

= xloyzexp(E +)

X* = expe-exp)= /)

p = - I explain (a : - boy plan)

I= - expla :/) (Glogz)
=-Llogz
= Lloy & expla :/)

->
Y*

= exp(+)
p

+
= -xly expla :/)

Theorem: Monotonic Improvement

given a policyTo with value function Get

let one-step greedy policy Enlals) =

exp(asfels,al/n)

= exp(@sf(s)(x)
Then @sf(S, a) > @fls,a) * 15,9)

Thus the optimal policy must have form Io*als) = Expla sal)

&of (50 , 90) = Estro + f(dFUIIS) + Earw[@sf(s,a)])]
=Es

.
[r +U(XIEIsis) + Earwe[@sf(s ,an)])]

X ---

- Q Sofe (So , 90)



Theorem : Beliman Optimality

By the monotonic improvement theorem. To
* laks) =

expLasa)
= exp(a(S,a)

then z
*=anymax als)@te(sa) + ↓F((s)

v(s) = Ez
* (a)s)&Sa) + 17(S)

= Max Elas)@sa) + <HE(S))

= xloy [exp(@isa) ( )

A (Sa) = r(S,a) + tEs [Us
*

(s)] at each state, the optimal policy z
*

= risa) + JEs[dlogzexpLQ(a) ()] is greedy we Q

Theorem: Bellman Backup and uniquess of z
*

define the soft value iteration as

ITM)(s,a) = risa)+ VEs[xlog S, exp(@s(sial) k)dal]
Then T is a -contraction
ThusThere's a uniqueG satisfying
& (5,a) = ris,a) + JEs : [a log Ja exp(at(s:as (2) da]

and the optimal policy is zo
*Cals) = expls /) da

let 11Q ,
- Allo = Max (d. 1Sa) - Alsall=

↓ log I expa da a logf exp As a

= a logJa exp expa da

= + ClogSpexpa) do As

Glogfe exp Alsa) da =-- + x Log So exparia da As









·

Automating Entropy Adjustment

An intuition /Based on dual gradient method explanation in EES64 B

the dual gradient is basically adaptive penalty for violation of constraint

constraint: Faras[logicals1] = -Erd

update ms[logzls)] + Ee Er=-dimA

if this is positive , the constraint is violated
then penalty is increased


