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Chapter 3.

108



0.0.1

Continuous

2D state

I

pac

VE

averaged
over 30 runs

Tiling 1 _
Tiling 2 -
Tiling 3
Tiling 4

1
-
A

Point in =7
state space
tobe | L__11__] I
represented

\
;s Oy
-
-8
| |
| |
. =
X

54: 9.9

State aggregation
(one tiling)

Tile coding (50 tilings)

5000

Four active

T tiles/features
| overlap the point
|_— and are used to

represent it

Episodes
55: 9.10 1000 1000 200 4 a=
0.0001 50 o« = 0.0001/50
3.6. 109



, 0.0.1

Possible
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9.9
Sutton 1996
hashing
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58: 9.13
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9.14 ANN “ o
15.1  ANN ANN
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tava
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60: 9.15 IEEE LeCun Bottou Bengio Haffner 86 1998 Copyright Clearance
Center, Inc
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~ - —1
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R ;&—1 _ L T A—l
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Bishop 2006 9.24
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9.11
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o I t - t
t VE 9.1 I M, t 9.15 n
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9.16 n
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9.6 McCulloch Pitts 1943 Perceptron Rosenblatt 1962 ADALINE ADAptive
LINear Element Widrow Hoff 1960 LeCun 1985; Rumelhart Hinton Williams 1986
Bengio Courville Vincent 2012; Goodfellow Bengio Courville 2016
Haykin 1994 Bishop 1995 Ripley 2007
Farley Clark 1954 Widrow Gupta Maitra 1973
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son Silverstein Ritz Jones 1977 Barto Anderson Sutton 1982  ANN Hamp-
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dan 1985 Widrow 1973 Agp_p Barto 1985,1986 Barto Jordan 1987 Ar_p
ANN  Agp_p Barto 1985 15.10
Anderson 1986,1987,1989 Hanoi
Williams 1988 Gullapalli 1990 Williams 1992
Barto Sutton Watkins 1990 Williams 1992 REINFORCE  13.3
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Sarsa TD(0) 9.14
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d
g(s,a,w) = WTX(S, a) = Zwi - x(s,a) (3.97)

10.1 2 cost-  to-go e 0
“Step 428”

10.2 Sarsa,

1000

Mountain Car “°f |
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averaged over 100 runs 200

100 |, |
0 500
Episode
62: 10.2 € - Sarsa
10.2 n Sarsa
Sarsa  10.1 n Sarsan n 7.4
Grain = Rip1 +YRira + -+ 9" "Rign + "4 (Stins Avn, Wegn—1), t+n<T (3.98)
Gityn =Gy t+n>T n
Witn = Wipn—1 + & [Gripn — G (S, A, Wign—1)] VG (St A, Wign—1), 0<t<T (3.99)

nSarsa (=~ q. qr
G:SxAxRY 5 R
T
a>0 >0 n
weR! w=0
Sy Ay Ry modn + 1

2 “ Sarsa(A)” 12 Sarsa

3.6. 121



, 0.0.1

So #
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T + o0
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Ay
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T—t—n+1r71
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300 - n=1

280
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and 100 runs 240 - /
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n=8 n=1
220}, . n=4 . .
0 0.5 1 1.5
¢ x number of tilings (8)
64: 104 a n n Sarsa n=4 @ n = 16 n=1
0.5 n=16 4
10.3
MDP
0 r(m)
1
r(r) = Jim o ; E [R¢|So, Ag:—1 ~ 7] (10.6)
= tll)n;loE[RdS(),A():t,l ~ 7'('] (107)
= Z tr(8) Z 7(als) Zp (s',rls,a)r
So 7r Ag, Avy o Ay i pr(s) = limy_oo Pr{Sy = s|Ag—1 ~ 7} T
Sy MDP ergodicity MDP MDP
r(r) 10.7 v r(m)
T
D tn(s) Y wlals)p(s']s,a) = i (s') (3.100)
Gt = Riy1 — 1(m) + Riyo — () 4+ Reqs — r(m) + - - (3.101)
vr(s) = Eq [GeS: = 8] qr(s,a) = Ex [Ge|St = s, At = d] Vi G
Bellman s
vr(s) =2, m(als) 3o, o p(s'srls,a) [r —r(m) + vx (57)]
r(s,0) =22, o0 (s rls,a) [r —r(m) + 32, 7 (a']s) gr (57, a')]
vi(s) = maxa Y-, p (8, 7]s,a) [r — maxy r(m) +v. ()],
gx(s,a) =2, p(s',rls,a) [r — max, r(m) + max, g. (s',a)]
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3.14 3.17 3.19 3.20

TD
6t = Rip1 — Ry + 0 (Seq1, wi) — 0 (St, wy) (3.102)
0t = Riy1 — R + G (Sey1, Ary1, We) — G (St, Ar, wi) (3.103)
Ry r(m) t
Sarsa 10.2 TD
Wit = Wi + a0 V§ (S, Ay, Wi) (3.104)
10.11 ¢

Sarsa ¢ = q.
G:Sx AxR? =R
a,8>0
weR! w=0

ReR R=0
S A
A RS

A G, w) €-
S R—-R+q(8 A w)— (S, A, w)
R+ R+ 56
R+« R+p56
W W+ adV{§(S, A, w)
S5
A+ A

10.4  Q-learning

10.5 10.10  TD(0)
10.6 MDP +1,0,41,0,+1,0, ... pe 107
10.6 MDP A +1 B 0 +1,0,+1,0, ...
10.9
vr(s) = lim lim. Zv ~ [Res1]S0 = 5] — r(m)) (3.105)
A B
10.7 AB C A 41 0 10.13
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8
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10F
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5 -
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10.4
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J(m) =3 ()0 (s) (v )
iiuﬁﬁ}jﬂd$§;§:MEmbﬂﬂr+wﬂ@N (Bellman )
)+ Z;w(s) Z;m;) >3 p (s rlsa) i () (10.7)
=Nﬂ+ﬁ§2ﬂ@£§:m&5§fﬂd@pW8ﬂ) (3.4)
=mm+v§;ﬂ@0;4ﬂ a (10.8)

(m) + 73 ()
r(m) +yr(m) +~°J (m)
r(7) +r(m) + ¥2r(m) + () 4+ -

= ——(x)
Y
0 0
4.2
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Perkins Precup 2003 €- Gordon 1996a
10.5 n Sarsa
n TD n n 7.4
Gritgn = Riy1 — Rign—1+ -+ Rign — Rign—1 + G (St Atgns Wign—1) (3.106)
R r(n) n>1 t+n<T t+n>T Gityon =Gy n'TD
(St = Gt:t+n - (j(St, At, W) (3107)
Sarsa 10.12

n Sarsa (= ¢, ¢«
G:SXxAxR R 7
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ReR R=0
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10.1 Rummery Niranjan 1994 Sarsa € - Sarsa Gordon 1996a 2001
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Moore 1990 Sutton 1996
10.2 n Sarsa van Seijen 2016 Sarsa(\)
10.3 Puterman 1994 Mahadevan 1996 Tadepalli Ok 1994 Bertsekas Tsit-
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11.1
7 0§ V o Q w
. ™ (At|St)
= ., = Pt 3.108
Pt = Pt:t b(At|St) ( )
TD(0) 203 9.3 pr
Wit = Wy + ozptcstV{/ (St, Wt) (3109)
Pt
6y = Ry +0 (St+17Wt) —ﬁ(St,Wt), (3110)
5t = Rt+1 —Et—F’IA](St_i_l,Wt) —ﬁ(St7Wt) (3111)
Sarsa
Wip1 = Wy +adVq (S, Ay, wy),
0 = Ryyq +lza7f (G|St+1) q (St+laaawt) - Q(St,At,Wt) , Or ( )
0t = Rey1 — Ry + >, m(a|lSe41) G (Set1, a, wi) — G (Se, Aeywy) . ()
A, -
Sarsa n
Witn = Witn_1 + &pit1 - Prtn—1 [Gragn — G (Sty Aty Witn—1)] VG (St, At, Wign_1) (3.112)
Gtgn = Regp1 + -+ + ’YnilRt+n +9"G (Stan, Attns Wign—1) , ()
Gritn = Riy1 — Re+ -+ Revyy — Regne1 + G (St Aty Wen—1) ()
7 n
Witn = Wipn—1 + & [Griqpn — G (St, Aty Wign—1)] VG (St, At, Wegn—1) (3.113)
t+n—1 k
Gragn = 4(Se, A wimr) + > 0, [ v (AilS)) (3.114)
k=t i=t+1
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MDP w 2w w w 12
0
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