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Recap: Policy Gradients

REINFORCE algorithm:

=) 1. sample {7'} from mg(as|s;) (run the policy)

2. VoJ(0) = ¥, (Zz;l Vg log my(al|st) (ZZ:t r(s@,a@)))

3.0« 0+ aVeJ(6)

1 N T

Vo J(0) =~ N Z Z Vo log Wg(ai,t|si,t)Qf,t

=1 t=1

“reward to go”

fit a model to
ﬁ estimate return
generate
samples (i.e.

run the policy)

(...

policy

0+ 0+ aVeJ(0)
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Policy Gradient as Policy Iteration

A

N T T
1 A (Xt,llt)
VoJ (0 NZZ Vo log Ty aztlszt)
i=1 t=1 ﬁta model to
ﬁ estimate return
main steps of policy gradient algorithm: " generate |
» 1. Estimate fl”(st, a;) for current policy 7 | ,::‘:ie;;;,;)

2. Use A7 (sy,a;) to get improved policy 7’

t improve the
policy
0 — 0+ OzVQJ(@)

Familiar to policy iteration algorithm:

= 1. evaluate A™(s,a)
= 2. set w7’
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Policy Gradient as Policy Iteration

J(e) . ETNpg(T) [Z ’ytT(St, at)]

Clalm: ‘](9/)_‘]( — 7'~p /(1) [27 St at]

\

could be interpreted as policy improvement!
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Policy Gradient as Policy Iteration

claim: J(@') — J(0) = By (1) !Z 7tA7T9 (St’at)]
t

proof: (@) — J(0) = J(0') — Esymp(se) [V™ (s0)]

= J(0) = Ernpy(r) [V (0)]

- J(el) - ETNPOI(T) Z ,thwe (St) - Z ,ytvm; (St)]
| t=0 t=1

oo

= J(0') + Erpei (1) Z 7 (YW (st41) — V7 (s¢))
t=0

= Ernp, () Z v'r(se, a)
t=0

+ Erpy () [Z Y (VT (st41) — V™ (St))]

t=0

— ETNPG/(T) Z Vt(r(sta at) 2% ,),Vﬂ'e (St+1) — Ve (St))w
L t=0

= Erepo(r) | 27 A™ (51, at)]
| 1=0
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Policy Gradient as Policy Iteration

JO) - J(0) = E

Troper (T

/

expectation under 7y

) !Z 7 AT (s, at)]
: \

advantage under my

Breayto |0 -

t

— Z ESthef (st)
N

is it OK to use py(s;) instead?

[Eat’\'We (at|st)

Lecture 18 - 6

o Z Est ~por (St) [Eat’\”re/ (at|se) :’Y

_Wef(atlst)

importance sampling

By [f ()] = / p(2)f(2)dz
q(x)
/ e p(a)f(a)do

= xﬁxx
—/q()()f()d

= w~q(w)|: E ;f(w)}

tA™ (sq, at)H

| o (ay|st)

v AT (st at)] ]



Policy Gradient as Policy Iteration

Can we ignore distribution mismatch?

?
mor(at[se) 4 ” . { {Wef(adst) " ”
ES ~Dpr (St Eatrwrg at (St AT‘.Q S 7a ~ EStN o (St EatNT(' at [S¢ Aﬂ-e S 7a
zt: o) [ (el [W9(3t|st) ! (80,24 zt: P 5 osHEE) mo(at|st) ! (51, 2¢)
\ ' J
why do we want this to be true? A(9))
J(O) = JO)~ A(0') = ¢ <« argmaxA(0) 2. Use A™(sy,a;) to get improved policy m’

9/
is it true? and when?

po(st) is close to py(sy) when 7y is close to my
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Bounding the distribution change

Claim: pg(sy) is close to pg/(s¢) when 7y is close to my

Simple case: assume my is a deterministic policy a; = my(s¢)

mor is close to my if mgr(ay # mo(se)|st) < €

pQ/(St) = (1 — E)tpﬁ(st) + (1 — (1 — E)t))pmistake(st) seem familiar?
\—'_l | )
probability we made no mistakes some other distribution

Por(st) — po(se)| = (1 — (1 — €)")[Pmistake (8¢) — Po(se)| < 2(1 — (1 —€)")
useful identity: (1 —¢)* > 1 — et for € € [0, 1] < 2et

not a great bound, but a bound!
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Bounding the distribution change

Claim: pg(s;) is close to pg:(s;) when 7y is close to my

General case: assume 7y is an arbitrary distribution

Tor is close to my if |mer(a¢]st) — mo(ae|sy)| < € for all sy

Useful lemma: if |px (x)—py (x)| = €, exists p(x, y) such that p(x) = px(x) and p(y) = py(y) and p(z =y) =1 — ¢
= px(x) “agrees” with py (y) with probability e

= 7o (as|s¢) takes a different action than mg(a;|s;) with probability at most €

por (st) — po(se)] = (1 — (1 — €)")|Pmistake(st) — pa(se)| < 2(1 — (1 —€))
< 2et
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Bounding the objective value

Tor is close to my if |mg: (ag|s) — mg(az|s;)| < e for all s,

[por(st) — po(se)| < 2et

By (so)lf Zpef s¢)f(st) > ZP@ s¢)f(st) — [pe(st) — por(st)| max f (st)
> Epg(st)[f(st)] — 2et max f(s¢)

St
Z - [E [m/ (at|St)7tA7r9 (st at)” 5
o eper(se) | Bacmo(acls) | g (asy) ’ - O(T'rmax) or O (qnlax)

Y

o\ A+ |S
Y Eginpotsy) [anre(atlst) [ b 35 Y AT (s, ap) ” 22“0

r 7T9(at| t)

maximizing this maximizes a bound on the thing we want!
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