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1: N < number of actions avairable to the robot
2: pref(m) <0, Vme M
3: Qm(s,a) < initial value, Vm € M, s, a
4: t, total, 7, 7' «— 0
5: s « initial state
6: while ¢ < planned transision times do
7 t—t+1
8: for me M
epref (m)
9: w(m) ;
> mieM errim’)
10: end for

11: according to m(-), select Q-table Q.

which will decide the action

12: n < number of a, a = argmax, Q. (s, a)

13: forac A

14: if a = argmax, Qs (s,a) then

15: Tm(a) — =€+ £

16: else

17: Tw(a) «—

18: end if

19: end for

20: choose action & according to m(-), and execute a
21: get reward r, and observe state s’

22: total < total + r
23: forme M

24: Qm(8,a) — Qm(s,a) + a[r+ v maxy Qm(s’,a’) — Qm(s,a)]
25: end for

26: if Qp(s,a) = max, Qm(s,a) then

27: pref () «— pref (m) + ¢ [r — 7]

28: end if

290 ¥ — 7 4 kr—7]

30: 7 —total / t

31: 7 «—max(, )

32: s« s

33: end while

34: return argmax,, pref(m)
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1: N « number of actions avairable to the robot
2: pref(m), p(m) <0, Vme M

3: Qm(s,a) < initial value, Vm e M, s, a

4: t,total — 0

5: s« initial state

6: while ¢ < planned transision times do
7 t—t+1
8: for me M
€ pref(m)
9: w(m) « 721\4 e ()
10: end for

11:  according to 7(-), select R-table Ry,

which will decide the action

12: n « number of a, a = argmax, Ry, (s,a)

13: forac A

14: if a=argmax, Qs(s,a) then

15: mi(a) — =+ £

16: else

17: Tw(a) «

18: end if

19: end for

20:  choose action & according to s (+), and execute @
21: get reward r, and observe state s’

22: total < total + r
23: forme M

2 Qus,d) — Quls,d) +alr — p(m) + maxg Quu(s',a’) — Quu(s, d)
25: if Qn(s,a) = max, Qm(s,a) then

26: p(m) — p(m)+ Blr — p(m) + maxy Qu(s’,a’) — Qm(s,a)]

27: pref (m) « pref(m) + & p(m)

28: end if

29: end for

31: 5« s

33: end while

34: return argmax,, pref(m)
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(end of experiments)
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R-learning with multiple Q table
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R-learning with multiple Q table
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average reward

(end of experiments)
experiment 6.2.2.3—-1 —0.3401
experiment 6.2.2.3-2 —0.3446
experiment 6.2.2.3-3 —0.3338
experiment 6.2.2.3-4 —0.3371
experiment 6.2.2.3-5 —0.3409
experiment 6.2.2.3 (R-learning by UE) | mean —0.3393
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average reward

(end of experiments)
experiment 6.2.2.4-1 —0.4647
experiment 6.2.2.4-2 —0.2210
experiment 6.2.2.4-3 —0.4412
experiment 6.2.2.4-4 —0.0564
experiment 6.2.2.4-5 —0.4343
experiment 6.2.2.4 (R-learning by softmax) | mean —0.3235
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average reward

(end of experiments)
experiment 6.2.2.6-1 —0.4909
experiment 6.2.2.6-2 —0.4996
experiment 6.2.2.6-3 —0.4996
experiment 6.2.2.6-4 —0.0095
experiment 6.2.2.6-5 —0.4903
experiment 6.2.2.6 (R-learning with CMAC) | mean —0.3980
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average reward

(end of experiments)
experiment 6.2.2.7-1 —0.0659
experiment 6.2.2.7-2 —0.0199
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experiment 6.2.2.7-4 —0.0722
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1 : N < number of actions avairable to the robot
2 : Q(s,a) < initial value, Vs, a
3 : t,total — 0
4 : s« initial state
5 : while t < planned transision times do
6 t—t+1
7 n < number of a, a = argmax, Q(s,a)
8 forae A
9 : if a=argmax, Q(s,a) then
10 : m(a) — L+ £
11 else
12 m(a) «— «
13 end if
14 end for
15 choose action & according to 7(+), and execute a
16 : get reward r, and observe state s’
17 total «— total +r

18-1:  Q(s,a) — Q(s,a) + a[r+ymax, Q(s',a") — Q(s,d)]

18-2: Q(s,a) — Q(s,a) +alr+vQ(s',a") — Q(s,a)]

19 5« s
20 : end while
21 : return total

0A1:0000000018-1000000 QOO (O04.2.106.1.200 6.2.2.50)0
182000000 Sarsad 0O (O 6.1.200 6.2250)00000000 egreedy
goboooog U
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1 N «— number of actions avairable to the robot
2 Q(s,a) < initial value, N¢(s,a) < 1, Vs, a
3 t,total — 0
4 s < initial state
5 while ¢ < planned transision times do
6 t—t+1
7 n < number of a, a = argmax, Q(s,a)
8 forae A
9-1-1: if a=argmax, R(s,a) then
9-1-2: m(a) — =+ £
9-1-3: else
9-1-4: m(a) — %
9-1-5: end if
9-2-1: if a=argmax, R(s,a)+ m then
9-2-2: 7(a) — p+ 1_7”
9-2-3: else
9-2-4: m(a) «— 52
9-2-5: end if
e
9-3 : m(a) — F
10 end for
1 choose action & according to 7 (+), and execute a
12+ Ny(s,a) « Ny(s,a)+1
13 get reward r, and observe state s’
14 total — total +r
15+ Qs,a) — Q(s,a) + afr — p+maxy Q(s',a) — Q(s, a)]
16 if Q(s,a) = max, Q(s,a) then
17 p— p+B[r—p+maxy Q(s',a") — Q(s,a)]
18 end if
19 s ¢
20 : end while
21 : return total

0 A2 000000000D0000RDOOOOOODODODOOOY910 egreedy (O
6.2.2.20)09-20 UE (O 6.2.2.30)09-30 softmax (0 6.2.240)0000000
0
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© 00 J O U = W NN =

[N R T o e e e e e i e
_ O © 00 © g O Ut ke W NN = O

22-1-1:
22-1-2:
22-1-3:
22-1-4:

22-2

23
24
25
26

N «— number of actions avairable to the robot
C' «— number of elements (tilings) in I
Ui(s,a) < initial value, Vi€ I, s, a
t,total — 0
s «— initial state
while ¢ < planned transision times do
t—t+1
forae A
U(s,a) = Yie; Uils,a)
end for
n < number of a, a = argmax, U(s, a)
forae A
if @ =argmax,U(s,a) then
o) = S+ 5
else
m(a) «— &
end if
end for
choose action a according to 7(+), and execute a
get reward r, and observe state s’
total — total +r
foriel

Ui(s,a) — Ui(s,a) + & a[r — p+maxe U(s',a’) — U(s, a)]
if U(s,a) = max, U(s,a) then

p— p+pBlr—p+maxy U(s',a')—U(s,a)
end if

Ui(s,a) < Ui(s,a) + & a[r + v max, U(s',d') — U(s, a)]

end for
5« s
end while

return total

0 A3 0000000022-10 off-policyD ROOOOO CMAC (O 6.2.2.60)0
2220 QUODO0O0O CMAC (0 62270) 00000000 egreedyO OO OO
gbooobovoboobooboon U
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C.1 QOOO

O0b0oobooooOooooooootbbQuboOoooboog s,eb0on

Qii1(8,a) = Qu(s,a) + adyes,a) (C.1)

000000000000Oe(s,«) 00(0000000000)0000000
000 (0000000000)000060000¢0000 Q(0)/Sarsa(0)d §
00000000000

Q ooooo:d 5,5 =7r 4 Y maxat+1 Qt(8t+1,at+1) — Qt(st,at)
Sarsad0O00O0O0O: 5,5 =7r-+ ’yQt(StH,atH) — Qt(st,Gt>

goon

C2 0O0O0Oooooon

00000000 (accumulating trace) 0000000 t0000000000O
000QUOO0Sarsad 0000000000000 00O0OCOCOCOOOO s,a0
coboboooooooboooobboooobooboooo

C.2.0.1 QUODOOOO

Q0000000000000 000000000000000000000
0000000 (0232000)0000000000000000000000
0000000000000000000000000WatkinsO QA)O0000
00000000 350

Watkins 0 Q\)0000000000000000000000000

yAe—1(s,a) (Qu-1(s¢,ar) = max, Q—1(s,a) 00 0)

€t<5> CL) = Isst' Iaat +
0 (00DoOoOoo)

00007, 000000 (identity-indicator function) 0 Dx =y 00000000
O00o0ooooooOoOoDooOoOy0O0O00 (0D226000)0XM0<A<])
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000000000000000000 (0000000000 oOo0oDoooOOn
000)00000000000000000000D000 (trace-decay parameter)
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MCOOOOOODO (O b20000000)O

O000O0WatkinsO QM\)OD0OOO0O0OOOOOOOOOO0OO0OOOOO110O
ooboooboooboobooooooboobboobooOy OOODbOODO
000000O0oooo0 (D0DoDDooooO0UoOoOo)0DoooDooogoDOoOO
ERERE

C.2.0.2 SarsalO0O0O0O

Sarsa 000 0000OD0O0OO0OO0OOODOODOODOOOOOODOD

Aeg1(s,a)+1 (s=s5 00 a=aq, 000
ei(s,a) = vAeals,a) ( ' ! ) (C.2)
yAe—1(s,a) (ODOooOoooo)

gbboooboobboobuoobbooboboob1obbooboobobon
goooooooboboooooyAODOOOOODOD
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C3 0Ououooooon

000000000 (replacing trace) 000 0000000000000 OOO
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000000000000 30000000

D.1 0OO0O0OO0OO

0000000 MDPOOOOODO 10000000000 (dynamic program-
ming; DP)0 0000000000000 DPOOOOOOOOOOOODOODOO
O0000000000000000 (policy iteration) 0 0000 OO (value iter-
ation) 0 00000
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00000000000 (policy evaluation) 0000000000000 O0OO0O
0000000000 00D0000O (policy improvement) 0000000000
00000 [35,28]0

D.11 0000

O0-0000000s000V™(s)00O

V™ (s) = E {Ri|sy = s} = E, {Z Yoy pat|se = s}

k=0
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0000000V OOO 0000000000 (state-value function) 00 OO
O000E{}000D0-000D0O00ODOOODOOOOO

DPOO (DODOUOOO)OOOODOOUDOUOOODOOODOOOOODOOO
000000000 000OoDDOoOO0O0OOD (consistency condition) 000 0O 0O 00

V7i(s) = Ex {Ttﬂ +7 Z Vth+k+2|St = s}
k=0

= Z 7T(S, CL) Z gsl [Rgs/ + f)/Eﬂ— {Z ”)/krt_t'_k_i_g St41 = S,}‘|

a€A(s) s’ k=0
= Z 71'(3, CL) Z Pgs’ [R?s’ + /YVW(S/)] (Dl)
a€A(s) s’

00000 D100VTOOOO BellmanO OO (Bellman equation) 0000000
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ERERE

Vig1(s) = Ex{ria +7Va(si)|se = s}
= > 7(s,a) Y P [Riy +7Va(s)]
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