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Reinforcement Learningl `ean

RLe DP oia xywd •

RLe DP oia xywd`id dwin`pi
d z`eeyn ,zihxwqi
d dxwad ziraa ,xekfk
xt+1 = f(xt, ut, t)`ed ilnihte`d lelqnd lr (V 0 e` J0k oneqy) ,cost to god

V 0(xk, k) = min
u

{

φ(xN , N) +

N−1
∑

t=k

L(xt, ut, t)

}dbiqp zgqepk ,e`
V 0(xk, k) = min

uk

{

L(xk, uk, k) + V 0 (f(xk, uk, k), k + 1)
},dwin`pi
d ze`eeyne L ,irbxd xignd ziivwpetae) l"pd `gqepa miynzyn DPaxtqn xear ) ,aeyigd onf ,oiievy itk .divxhi` i"r ke x lkl V 0(xk, k) z`ivnl (firbxd xignde dwin`pi
d zeilwpete le
b zeidl lelr (O(N |U||X |) `ed ,N ,mi
rv.zere
i 
inz `lyi jk myl .l"pd zeirad mr 

enzdl `a Reinforcement Learning (RL) ,megzdxign .reinforcement `xwpe ililyk gwlp irbxd lossd .dlw mibyen zn`zda jxev.reinforcement ok mb `xwpe ililyk `ed mb gwlp ziteqd d
ewpdmqwnl mivex RLa ,llekd xignd z` xrfnl epivx zilnihte`d dxwa ziiraay myk.reinforcementsd mekq (zlgez) z`
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:(mnebxze) mipeniq
RLa my RLa oeniq dxwaa oeniq dxwaa my

state s ∈ S x state
action a ∈ A(S) u control sig.

(stochastic) policy π(s, a) = Pr(a|s) u(x, t) control function
(stochastic) state transition P a

ss′
f(x, u, t, ω) state dynamics

(stochastic) reward r −L instantenous loss
commulative expected reward V −J ,−V cost to gobviine iwlg ote`a ezaiaq z` ygy (agent) okeq ly `id RLa ziqetihd dpenzdihqkehq ote`a dlert rvan okeqd ,
rv lka .s i"r mlera eavn ly ely dkxrdd z`ly migpena) Pr(a|s) = π(s, a) i"r zbvein zelertd zebltzd .(ihqipinxh
 e`)dpzyn avnd dlertd revia xg`l .(avnd ly zizexazqd divwpet ef u(x) ,dxwa(dre
i `l e` dre
i) zebltzd t"r

P a

ss′ = Pr {st+1 = s′|st = s, at = a}zraep zeihqkehqd) x′ = f(x, u, ω)y zexazqdl dliawn Pu

xx′ dxwa ly migpenaozip rewardd .(dxwa ly migpena loss) reward lawzn okn xg`l .(ω jildz yrxnezlgeze zebltzd jezn
Ra

ss′ = Ert+1
{rt+1|st = s , at = a , st+1 = s′}

rewardsd mekqy jk zelert rval xnelk ,ilnihte` policy rval `id okeqd zxhnmekqd .(discounted) zgpen iteqpi` mekqk llk jx
a gwlp df mekq .iaxin didi:jk oneqi zitivtq dvix ly
Rt = rt+1 + γrt+2 + γ2rt+3 + ...

= rt+1 + γRt+1 oneqz (geexd) mekqd zlgeze
V π(s) = Eπ {Rt|st = s}

= Eπ {rt+1 + γV (st+1) |st = s}

=
∑

a

π(s, a)
∑

s′

P a

ss′ [Ra

ss′ + γV π(s′)] (1)-ltzddy migipn o`k ik al miyp.J(x, t) ,(zihqkehq dbvda) cost to god oaenk dfjez) iteqpi` dvix onf xear `ed xignde (zeixpeivhq zgpd) onfa zeielz opi` zeieboexzt df dxwna .
ala avnd ly `id divwpetd okle (γ mxeb i"r rewardsd zkir
ze
enr ly ielin mewna m
ewd ekxr jnq lr ,v ,mikxr xehwe ly ielin jixvn DPd.dvixhna zeawerk oneqi ,J0(x, t) ,zilnihte` dxwa zgz xignd
V ∗(s) = max

π
V π(s)revia xign zeidl J1(x,u, t) z` epx
bdy itk .π∗(s) `ed ilnihte`d policydeziivwpet zx
ben RLa jk ,zilnihte` dxwa revia eixg`le u ,edylk dxwa ze`
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:(iaiqxewx ote`a) optimal action-valued
Q∗(s, a) = E {rt+1 + γV ∗(st+1)}

= E
{

rt+1 + γ max
a′

Q∗(s′, a′)
}

=
∑

s′

P a

ss′

[

Ra

ss′ + γ max
a′

Q∗(s′, a′)
]ilnihte`d policyd .zilnihte` dxwan Bellman ly zeilnihte`d i`pzl belp`d df`ed Q ly migpena

π∗(s) = arg max
a∈A(s)

Q∗(s, a)zeivwpet ozpida) `evnl ozip ,DP zehiya (J1(x, u, t) z`e) J(x, t) z` ep`vny mykonf zeikeaiq dze`a ilnihte` policy (P a

ss′ e Ra

ss′ ozpida xnelk, zeihqkehq ,f e L.dvixdvixd onf e` e`elna re
i epi` irbxd xignd e` d`elna dre
i `l dwin`pi
dykminzixebl` aivn RL (miavn 1020-k yi ea ya yya lynl dxewy itk) ei
 jex` epi`xnelk) ilnihte`d oexzitl (mil`ix j` minieqn mi`pz zgz ,k"
a) miqpkznymipnfl RL ly dagxd mb dpyi .(Bellman ly zeilnihte`d i`pz meiwl miqpkzn.mitivxly dkxrd epyi 
g` 
rva oda zeivxhi` zervan (EM mbe) DP oke RLd zehiy lkjnq lr policyd ly xetiy yi ea epy 
rve dpezpd policyd xear value functiond.zpk
ernd value functiond

o`k bvedy iq`lwd DPd Generalized Policy Iteration (GPI) zepekn ef oirn zehiyepi` df xa
 .1 ok
ern πy iptl s lkl V (s) ly oek
re miavnd lk ly dwixq rvan(

ea s elit`) S ly ziwlg dveaw xear V (s) z` ok
rn Asychnous DP .igxkdlr e`elna mikxrd xehwe z` ok
rl mewna ,xnelk ,policyd z` ok
rn okn xg`lejxr elit` , e` m
ewd xehwed jnq lr mi

ea miavn miprkrn ,m
ew xehwe xnqivn`n z` fkxl ozip df ote`a .(sqep ipnf oexkif `ll) mikxrd x`y jnq lr 

ea.ddeab mdil` drbdd zexiaqy miavna aeyigdjnq lr V z` xrfiny u zxiga i"r i lkl ayeg Vi,ky jkn rap xa
d eply ze`gqepd zbvda 1
V:,k+1
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