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So far in this book almost all the methods have been action-value methods; they learned the values of actions and then selected actions based on their
estimated action values; their policies would not even exist without the action-value estimates. In this chapter we consider methods that instead learn a
parameterized policy that can select actions without consulting a value function. A value function may still be used to learn the policy parameter, but is
not required for action selection.

method Value function Policy
Action-value Methods Value of actions would not even exist

without consulting a value
function, or a value function learn a parameterized policy

Policy Gradient b dt01 h
ma € used to learn e " N -
Methods Y mla|s 8)=Pr{A =a|S =s, 6 =6)

policy parameter, but is not

required for action selection
<Reinforcement Learning, An Introduction> Richard S. Sutton and Andrew G. Barto

XRBIESHREAIREZ (Policy) BEARSZAIFA(Function Approximator) LI, REESEREHLX, BIHIREHRSHRIESHIBEREN R, X
IEXEZRNMAREEI —MEMNFEXESREL, ZHEEEMESEITIIRN.

7 . Imis. a. #) .
;}_'H :fo"[.ﬂz_d l‘ﬂ; 9’@“[.~<.n]

Notation
P.:th, — Pr{.-;f_J -5 | 5 = 5§, = {;} : state transition probabilities.

R = E{r,_J |,-‘-, = s, a; = a}: expected rewards. 75 s eSS ac A

'.I'I_|f-"i. i, Ir,"j =P }“{{n =1 | 5 = S8, H} : A policy which the agent’s decision making procedure at each time.
il , o dmis, a) , . L . .
Vs e S aec A wherefl € R forl << |S|.is a paramier ve r-m.---# exists, w(s,a) is for w(s, a, )
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I.ulf —1 : approximate action-value function, function approximation, long-term expected reward per step. two ways of formulating the agent’s objective:

average reward formulation and start state formulation. .”': —1 is independent of state.

d" I:h' ) = limn s Pr { 5t =5 | S0, T } : stationary distribution of states under 7.

g

"1 [0, 1] a discount rate. In start-state formulation, we define (" ( 5) as a discounted weighting of states encountered starting at sy and then following 7 :
o

.;fTI:.-\':I e Z - 'I_Pr{.-ir = 5 | S0 T-T}.

t=0

Q" : the value of a state-action pair given a policy
T RIS E AL,
'S x A — R be our approximation to Q, with parameter ©. S{EFENAFLIHEEL.

(. LJ T [ 5¢. 113 | - some unbiased estimator of Q™ (s, ay ), perhaps R;.

Proof Key Steps about Theorem 1 (Policy Gradient)

Define
lE.I-TI:;-“::I f— ZW[H'“:‘”L}_['H' |.".| (1)
i
For the start-state formulation:
| ) T LML Ty
{L} A = R_\ T Z I,P_\_\J I-.'H :I (2)
SO
U{;}_ I. S, 0 .I d [Rr\t L Z.\.' n.' p:t\'] FTI:'H! .II]
o) N o 3)
=S e, 0
~ v,
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Substitute (7) into (6) get 76, then, substitute 76 into (5), then, substitute 765 into (4),

V7 (s 0 -
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on(s,a) Q™ (s, a
- Za: [%Q (s,a)+7(s, a)%l

r k a

(http://blogs.cuit.columbia.edu/zp2130/files/2019/02/rl_policy gradient equation.jpeg) [A Invalid Equation ]

SO

dr} . d > -1 _ B d‘[{f.'x
a8 EE {Z Ty | S0, = W[h“]

t=1
- )
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p— "'k =] ] Wi _— " ]
=33 A Pr(so = s.kom) ) 55— (5.0)
s k=0 i

assume in start-state formulation:
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@ \5) Eﬁoogle | “Scholar [https¥fcholar.google.com/citations?hl=en&user=-pdAvraAAAAIGview _op=list_works&sortby=pubdate)

https://blogs.cuit.columbia.edu/zp2130/policy gradient methods_for reinforcement_learning with_function _approximation/

6/24


http://blogs.cuit.columbia.edu/zp2130/files/2019/02/rl_policy_gradient_equation.jpeg
http://blogs.cuit.columbia.edu/zp2130/files/2019/02/rl_policy_gradient_equation.jpeg
http://blogs.cuit.columbia.edu/zp2130/files/2019/02/rl_policy_gradient_equation.jpeg
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://scholar.google.com/citations?hl=en&user=-pdAvr4AAAAJ&view_op=list_works&sortby=pubdate
https://blogs.cuit.columbia.edu/zp2130/policy_gradient_methods_for_reinforcement_learning_with_function_approximation/

9/23/26, 2:51 PM Policy Gradient Methods for Reinforcement Learning with Function Approximation - Dr. Pei

op 0 VT
.‘1-'|.?|_ = - ."\"|l|
09 aeE{Z ri | s } op

I ﬁ;,ng"’“ %) (. a)

k=0 (Q.E.D)

=SS Prsn = s k) S —UWZE V(s a)

i

—Z ZO}JIL‘* ﬂ"l(];J |l.., ,:-;'|

Stationary Distribution

#2470 (http://blogs.cuit.columbia.edu/zp2130/files/2019/02/FFa453%h . pdf)

FRIERI

T=nP

where

P BB EME

m : iR

5. RAREZE@SS={0, 1, 2,} ND/REIKGE, H—LEEsii=eieE

0.5 04 0.1
P=103 04 03
0.2 03 05
it \ﬁbﬁ’ﬁ&[fggq%ﬁe ﬂg}ql r@%ﬂsghg{argogle com/citations?hl=en&user=-pdAvr4AAAAIGview _op=list_works&sortby=pubdate) X

https://blogs.cuit.columbia.edu/zp2130/policy gradient methods_for reinforcement_learning with_function _approximation/ 7124


http://blogs.cuit.columbia.edu/zp2130/files/2019/02/%E5%B9%B3%E7%A8%B3%E5%88%86%E5%B8%83.pdf
http://blogs.cuit.columbia.edu/zp2130/files/2019/02/%E5%B9%B3%E7%A8%B3%E5%88%86%E5%B8%83.pdf
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://scholar.google.com/citations?hl=en&user=-pdAvr4AAAAJ&view_op=list_works&sortby=pubdate
https://blogs.cuit.columbia.edu/zp2130/policy_gradient_methods_for_reinforcement_learning_with_function_approximation/

9/23/26, 2:51 PM

B BRLEANTRT L BE.

Policy Gradient Methods for Reinforcement Learning with Function Approximation - Dr. Pei

SRRSO MEE, FenhFEE— BEFRommEERRES .

21
= E
T=mP 23
{ (X} I _I_ I. :} TI_J - E
o 18
2 = E
) 21 23 18
= T =|my, T, T2) = (T —, ,—>
62 62 62
FREERISEIIE,
91 23 18 0.5 0.4 0.1
TP = 62° 62° 62 0.3 0.4 0.3
-0 T 0.2 0.3 0.5
B 21 _ 23 . 18 . 21 23 18 21 _ 23 . 18 .
=15 0.5 + 59 0.3 + 67 0.2 52 0.4+ 67 0.4 + 62 (0.3, 52 0.1+ 52 0.3 + 62 (0.5
12 23 18

T =mP
BEER, TLUSKERSHEREHEMERE KR 2K,
T="mP
T _ pT T
(http://blogs.cuit.columbia.edu/zp2130/ﬁles/2019/02/SD_eigen_STPMt.gif)[A Invalid Equation ]
Ar = Ar
i -

Google Scholar[https://scqu%%ﬁco%mg%ﬁﬁﬂ@%ggmmgw_op=|ist_w0rks&sortby=pubdate]

https://blogs.cuit.columbia.edu/zp2130/policy gradient methods_for reinforcement_learning with_function _approximation/

8/24


http://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
http://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://scholar.google.com/citations?hl=en&user=-pdAvr4AAAAJ&view_op=list_works&sortby=pubdate
https://blogs.cuit.columbia.edu/zp2130/policy_gradient_methods_for_reinforcement_learning_with_function_approximation/

9/23/26, 2:51 PM Policy Gradient Methods for Reinforcement Learning with Function Approximation - Dr. Pei

A ARFHIHE, EXE9I1,
x: IFFMAE, WIEBHEEMNEENSIHER MSTERE, AERSH)

Fig: KERSZESHS R XENFRAHEME
RE—SEBHERIERP  RISIHE 1 RIS E,

ERS=ZESH, FREFFERISNFa, HAZIT—PRES, EREXFFROMES, REULAEXRREZRSHFERAHBINLA, + — P,
WRTLMSHLAT R A&

For the average-reward formulation:

D) wlsa) Y Pl=) ()
s i s St

Stationary distribution d", so sum of probability equals 1:

foﬂ;ﬁ-) =1

&

dp(w) o
'Izjl‘g ~ is independent of s. Z d"(s) =1
dlr) dp
" =1
Z‘ 56 =1 28
SO

Z - ..d,ﬁ'_z r("zdﬁfﬁ'“] s e L OVT(s)
5 “il II‘I“JE a 5 ﬂr L“J T T(g ll‘hl “:I N Lﬂ h I. h .I I'..-'Ilr.|I
d dm(s, a)
'ﬁ Zd -JZ N @ ()" (s, a)

Google Scholar[https.//scholar.goog’l‘e.com/c|tat|0ns?hl=en&user=-pdAvr4AAAAJ8view_0p=|ist_w0rks&sortby=pubdate] %

https://blogs.cuit.columbia.edu/zp2130/policy gradient methods_for reinforcement_learning with_function _approximation/ 9/24


https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://scholar.google.com/citations?hl=en&user=-pdAvr4AAAAJ&view_op=list_works&sortby=pubdate
https://blogs.cuit.columbia.edu/zp2130/policy_gradient_methods_for_reinforcement_learning_with_function_approximation/

9/23/26, 2:51 PM

Policy Gradient Methods for Reinforcement Learning with Function Approximation - Dr. Pei

Methods that learn approximations to both policy and value functions are often called actor—critic methods, where ‘actor’ is a reference to the learned
policy, and ‘critic’ refers to the learned value function, usually a state-value function.

1. Policy Gradient Theorem

Theorem 1 (Policy Gradient)

For any MDP, in either the average-reward or start-state formulations,

average-reward formulation
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In any event, the key aspect of both expressions for the gradient is that their are no terms of the form

the effect of policy changes on the distribution of states does not appear.

BRAOERHE, REECSTREIHRER.

2. Policy Gradient with Approximation
Theorem 2 (Policy Gradient with Function Approximation)
If ., satisfies
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Combining (2a) and (2b),
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3. Application to Deriving Algorithm and Advantages

Consider a policy that is a Gibbs distribution in a linear combination of features:
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In other words, f,, must be linear in the same features as the policy, except normalized to be mean zero (why?) for each state.

4. Convergence of Policy Iteration with Function Approximation

Theorem 3 (Policy Iteration with Function Approximation)

T, o PRI ERBIIEMERERN AN ERE. FERNEiT#%EATIN (2b) BIFEREFRY. &7
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Command Window = @ Editor - exp_softmax_distribution.m

Mew to MATLAB? See rescurces for Getting Started.

Analyze Soft-max Distribution Based On MATLAB
Tniversity of Central Florida
peifknights.ucf.edu

R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R

el Introduction R

R R R R R R R R R R R R R R R R R R R R R R

<policy gradient methods for reinforcement learning with function approximation

Flease refer to the math background and development process online:
https://blogs.cuit.columbia.edus/zp2 13CIfpDlic:y_g:radient_methods_fDI_IeinfDIcement_leaIning_with_functiDn_appIDximatiDn,.-’ .

—-—— Generate Random L-dimensional Feature Vector ——-—

Random 32.0 dimensional Feature Vector range: [ 0.0000 0.1000]

Random 32.0 dimensional pi Parameter range: [ 0.0000 1.0000]
———Compute Soft-max Distribution and Visualize it.--—-

Policy sa state-action result range: [ 0.0255 0.0417]
State of min probability: 24.0000, S5tate of max probability: 19.0000
Policy pi probability sum: [ 1.0000]

fg >> |
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Feature Vector » State-action
Range is: (0~0.1)

Row, L-dimension

Column, Vector, State
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Policy Parameter Vector # State-action
Range is: (0~1)

Row, L-dimension

5 10 15 20 25 30
Column, Vector, State
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Policy Probability Soft-max Distribution

Range is: 0.025507~0.0417 Policy Probability Soft-max Distribution
32-dimension, Sum is 1 Range is: 0.025507~0.0417
State of min probability: 24, State of max probability: 19 32-dimension, Sumis 1
0.045 T T T T T 1 T T T T
0.04 - i o9 |
08 1
0.035 - 1
07 1
003 A
06 T
E
20025 B 3
3 2
8 El s 1
= 8
® oo2f B &
0.4 - R
0.015 A
03 T
001 ’
0z T
0.005 - 1 01k —
0 0 1 L 1 L L 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35
Vector, State State
Major Components of an RL Agent
m An RL agent may include one or more of these components:
m Policy: agent’s behaviour function
m Value function: how good is each state and/or action
m Model: agent's representation of the environment
Google  Scholar (https://scholar.google.com/citations?hl=en&user=-pdAvr4AAAAI&Gview _op=list_works&sortby=pubdate) %

/\
https://blogs.cuit.columbia.edu/zp2130/policy gradient methods_for reinforcement_learning with_function _approximation/ 19/24


https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://blogs.cuit.columbia.edu/zp2130/files/2019/02/SD_eigen_STPMt.gif
https://scholar.google.com/citations?hl=en&user=-pdAvr4AAAAJ&view_op=list_works&sortby=pubdate
https://blogs.cuit.columbia.edu/zp2130/policy_gradient_methods_for_reinforcement_learning_with_function_approximation/

9/23/26, 2:51 PM Policy Gradient Methods for Reinforcement Learning with Function Approximation - Dr. Pei

m A policy is the agent's behaviour

m It is a map from state to action, e.g.

m Deterministic policy: a = 7(s)

m Stochastic policy: w(a|s) = P[A; = a|S; = 5]

Value Function

m Value function is a prediction of future reward
m Used to evaluate the goodness/badness of states
m And therefore to select between actions, e.g.

VF(S) = ]Eﬂ- [Rt+1 + ’)’RH.Q +’)/2Rg+3 + ... | Sf = 5]

m A model predicts what the environment will do next
m P predicts the next state

m R predicts the next (immediate) reward, e.g.

P =P[Sti1=5"| St =5,A = 3

55’ =

RZ=E[Riy1 | St =s,Ar = a]
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RL Agent Taxonomy

Policy Gradient Methods for Reinforcement Learning with Function Approximation - Dr. Pei
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