
Function Approximate :

Go -> IS) = 1070

Halicopter- state is its
Drone

Instead of represent VISI , QCS , a) in a lookuptable
Tabular cause

we use a function approximation.

vciws
the value for is determined by parametera

- Even if the data doesn't see
the state , using fan approx wil

generalise to
unseen state.
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Type of approx : - 1 near combination of feature.

- NN (nonlinear fan approx, Se Inapprox

-

Forier/warlet bases
.

E

Q : How to determine the parameter w ?

1 . Recall SGD :

min Jcw)
W

Wat = Wa - 2 DoJ (Wk(

min EJCW ,
x

w xmp(x)

Wat = Wi -G PwJ (WK
,
(k) < Stochastic GD.

=> Imagine
in policy prediction case

,
we know v*(s)

min J() =Eriss-Vcsiws)
2]

GD : W = Wint GET (ris) - Ecsim( Pcs; was]

SaD : Wal = Wi + di (VCSt) - (Sti W)) PrVISe ; Wil



e .g. VIS ; w) is represented on [xjhsch

iSiw)= WyXj) = ex ...

x)(m)
= El -

Eph

GD : Wat = Win + GET (is) - xcsT wi) xcss]

SGD : With = Win t (cSe) - X(z) Ma)xISe)

e
. g : Tabular is a special case of linear approx:

with Xicss =

(ofi-comportant
VIS ; w)= X wi

3
.
However

,
iRL

,
we don't really know the true

Vess.

1) .

We can substitute VCs) by an unbiased estimate G

! = E + Ure+ 1 +
... + UT Ne+T

MC learning : Nat = Withinmini
↳

an unbiased estimate for the
true

J() .



2)
.

TD learning : substitute G = re +&VSte ; Will

Wit = Wk + 2x)E-i(d), wa)

* Note : here Get is not necessarily an unbiased estimate for riss .

3). TD(X) : Wa =WitEx (GI-VISe ; Wal) XwSt , Wo

= IG

e. g .

linear approx :

TwixiTulsa
↑
TD:+ + 0 Fise ; Wal- (Siwa)

"Convergence
The" MC -> converges to a local mon for

both liner of houler approx

TD -> converge (coto)
a
local min

u

for linear approx.

TD(X) -> similar as TD.



function approximation for
control :

- *

Og
*

~·
Algo : update gss , aiw) with one step supdate + -greedy policy iprout

ISARSA in fan Approx) -

Initialize s
,
a
,

w

observe s'
,
r

- a ~ -greedy it from >s
, a : w) .

w = w + d (r + os ,
aiw) - (s , aiw) Pois ,a w)

Gradient TD .

- Prediction :

Vis) = r(s) + UE[VCS1 /Se =s]

# Viss= r(s) + WEIVIS+ ) (St =s]
&

Bellman

+ u = r + -piv

has contraction property.

Vs) = TTVYs) = View virss as theedpoint of
- the operator.



- Instead of View the solution Viss as the fixed pt of
T.

we can view of as the mimer of J(VIS)-Trcs))2ds.

- When Voiss is parametrized by
IRA

minE (SS-VEIVSte
IS =]-Vo

- One can solve it by GD.

=Fi-ticES-VETVSteIS = c]- Voss] [-rEtroNesSebIsis) - PoVoc]

(x)
- SGD :

unbiased estimate for 1*)

(r(s) - rE[Volstic (St]-Vose)) (-VEIPoV(Set) (St]-PoVisa)

= Trist) - Volse)]FrETPOVISE) ISt])
- VESen)(s] (-PaVCSe))

+ F+) 1s: JETOV(Ste) (St]

·unbrand st) - VolSt)) (UDAVIS) - UVOIS) -US

+↓"Vo(s+ 1) PpV(Siti)

where St & Sil are two independent sample starting

from St.

-



D When the underlying dynamics is
deterministic.

St+= Stil

& When the underlying dynamics is stocastre , when we

only given one trajectory
data,

&ED ,
then it is hard to find two samples from St

"Double sampling problem"
.

to avoid "DS"One way

mit E (rss-VETVSte) /S = s]-Voss]
3 O S

min (d)I E min max flos yozy to

E (riss - rE[VocS) (St = 3) .

-Voss)y-ky"-> min mayis

given fixed y
:

Eri = Ex-Gic]) - VETPVocsin) (St = s] - DoVoss)y-if))



Et = 0x-Ga])-UDrols+ 1) - DeVosly - zyz]
& Ye = Y #B(v1S1 - UValse) -Voist)y - Ey

Another way
: Borrowing from

the future.

St
,

Stel
,

Sta
,
Sets

,

----

is
Sh+ 1

= S+ + (St+
- Sz+)

↓

This could be a good approximation
when

the transition dynamics is smooth.

&St = MISt ,c) d+ + +1st , a)dB+

11 DMll
,
IDO : L

GEGti[rcSt)-UVolsei-Vose)) (-UPaV(SetSetif) - PoVisa)
- control :

2

min E (1,a) - v max ETQIS ,
as (Se = s , m = n] - Qois

,a)
& S

, a



Convegence for fan Approx.

(predictions Tabular linear non-linear

MC ~ w W

TD(0) ~ ~ X

+ D(X) ~ ~ X

~
DTD V ~

(control)

MC ~ ~ X

SARSA ~ ~ X

Q-leaning X X

-v
- x



- Disadvantage of
Value-based method .

-Pols,ascouldbehardtsoa section

~ Policy D :

Value-based Algo Policy-base
-leant Value for

- No value for

- Implicit policy based on valuter - learn policy .


