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A Controller Design Using Adaptive Immune System Based
Reinforcement Learning

Shu HOSOKAWA

Abstract

In recent years, many autonomous mobile robots have been used for various
purposes. The industrial robot controller has designed by expert engineers. Ex-
pert engineers can be adjusted to suit different situations and objects of the robot
controller. In addition to the industrial robot, many home use robots have been
produced. For example, these robots have been produced for home cleaning, nurs-
ing, security guard, etc. However, these cannot use the methods for controlling
the industrial robots. Because, home robot users who are not expert engineers are
not able to adjust the robot controller. As a result, a simplified method is required
for designing the controller.

The machine learning methods have been focused on characteristics that robot’s
adaptive behavior can be gotten from action results. Reinforcement learning is a
type of machine learning methods, which does not require detailed teaching signals
by a human. This method is learned based on the result of trial and error. It is
not necessary to give detailed prior information on the controller from this feature.
But, the learning process needs a huge amount of time for the trial and error. If
learning methods have been applied to an actual robot, that of fast learning con-
vergence speed is more important than a property which is able to get the optimal
policy. In addition, the reinforcement learning also has a problem in parameter
selection and the curse of dimensionality. On the other hand, the mechanism of
evolution and ecological mechanism possessed by the organisms, has been modeled
in an engineering sense, and various based on the modeling approach attempts have
been actively carried out to the areas such as learning and optimal solution search.
Especially, among the modeling approaches, the immune system attracts much at-
tentions. The human immunity-based reinforcement learning method is built on

the basis of the adaptive immune system of a human. This learning method has



a faster learning speed than famous methods (such as Q-learning, ProfitSharing,
etc), to model-free methods. However, there are also some disadvantages as well
as other methods.

At first, since this approach needs the assumption that it works well in a discrete
state space environment, it is apt to fail to learn, or to show a decrease in learning
convergence speed, when applied to a continuous state space environment. Even if
it learns successfully, it requires a lot of computer memory. For a continuous state
space environment, there are some methods required probabilistic models and/or
the number of divisions to be set in advance according to the environmental dimen-
sions. However, it is difficult to set appropriate values before learning. This paper
aims to improve our previous immunity-based reinforcement learning method in
order to extend it to a continuous state space. Previous learning methods have
been used to select an action only by using the information that has matched sen-
sor observations and memorized states. We take the fitness of memorized states
and sensor observations into account, and make use of the fitness and the reward
gained from the environment for action selection. The validity of the proposed
method is demonstrated through simulations. The improved method is able to
perform learning even in a continuous state space environment

Secondly, when applying model-free methods to stabilizing control tasks, we
cannot acquire a policy to achieve the goals. The model-based methods can acquire
the policy of the stabilizing control by giving a negative reward at a change from a
stable state to an unstable state. Since the model-free learning method cannot deal
with negative reward values, the reward value has to take positive values. In this
case, there is a great risk of learning an undesirable behavior of changing from a
stable state to an unstable state according to reward values. We improve a reward
allocation method for the stabilizing control tasks. In the stabilizing control tasks,
we use the Semi-Markov decision process (SMDP) as an environment model. The
validity of the method is demonstrated through simulation for stabilizing control
of an inverted pendulum. We show the conditions of reward allocation for the
stabilizing control tasks, and introduce an example of reward allocate function for
it. Since the reward is allocated only from the duration time of action, we do not

need to change the reward value according to each environment.



Jooodoodooooogood
goooooogogd

Ooon

HEN

goodgoggooobobbbobbooooooobbbbobobuoooooon
gogobbbbbdoodoooooooooooobbobbouoooooo
gbbuogbboogobbuoobobuoooboboouobbuoobboonn
gogodgbbobbbtboooooooooooobobbobbbooduooooooo
goodgooooobobbobbouoooooobbobbbboooagd
gogdoggggoobboboobbbuoooobbbobbouoooooon
gogoboououoooooooobbbbooboobooooooooooon
gdddggooooboboooooooobobobbbobooooogoooad
gogbobobbooooobobooooobobobooooobobboooon

gogoddgbbdddddoooooooooobobobobbooooooon
gogddoogoobbbbbbobobooooooddoooooooooon
gogdooobobooododoooodooooobbooobbbooooooon
gdddddoooooobooooooboobobobbbobboboooooon
gdddddooooooobooooboboobbbbbbbbooooooon
gogodooooooooobbobbbbdodoooouoooooboobobn® o
googogr"bbbooboooooobobouodddoddoddooooooooon
gogbobobboooooboboooobboooogoooo

gbogboooboobooboobobbooboobuoobonooboobo
goddddoooooobbbbbtdddodoobooooooooobon
oo obbbobobuoooouougad
godddooooooobbbobbbbbbbbbbboobbboooooon
goddddooooooooobobobbbbobbobobobobbboooooooon
godddodooooooooobobobobobbbboooooooooobobboa
godddooooooobbbbbddooooobooboboboooooon
oo bbobbbbooooooo



goooggbbbobobbbobbbbduoooooobobbouoooooon
godgdodgbbbbodoooooooooobbbbobboooooooo
godddooooooobbobbboboboboobbbbbbbboooooon
gt bbbobbobuoooodooa
goobobobobobobobobobooboobbbbdddooooobbobboooooon
godddoggoooobboooobboboooboooooooooooon
000000000000 DO00O0000DO0000DbbO0ODbDOD0OO0On Profit
SharingD 0000000 DO0OO0OOOOOODOOOOODOOODOOODOOOOOD
godddooooooooobobbbbbbbbobbbooooooooon
gdddoooooooobobbbbbbobobooboobbobbbbbbobbobobo
godddggooooobbbbboobboobooobooooooooooon
gogodgoooooobboobboooooooboboobobodoooooo
gogodgooooooobbbbbodooooobboboobobbooooad
godddoooooobobbobbbtbddooooooooooboobbbbobo
ggbobobooogobobobodgo

gdoddgooooobbobobbbbotbddooooooooooooobon
gogbobobbooooobbobuoooobbobooooooboo

gddddogooooobbobbbobdoooooobobooboboobobn
gobobobboogoobobooobboogbbooobbuooobbboonon
gboogboooboobobbobuoobuooboobobbobooboood
gododggooooobobbbbbbooooobbobboodooooooog
gogbobobbooooobobooooobooogooon

gogoddooooooobbbbbobdooooooboboobooboboooboo
000000000000 0D0O000000DOO00D0O0D0O Profit Sharing O O
godddgooooobobboobbbooooooobobobobooooououad
O0b0o0bDooooboooboonbooon RoboCupldooonooonoO
UO0D000bD000n Keepaway OO OO0 OO0 O0DO0O0O0OOOODOOO
ggg



010
1.1
1.2

1.3
1.4

020
2.1
2.2

2.3

24

030
3.1
3.2
3.3
3.4

3.5

EEN

I
0000000 ..o
121 DO0O0O0 ..o
1.22 DO0000 ..o oo
OO0O0O0O .o
0

ggbobobooogobobodgo

OO0O0 ... e
221 000000 ... . e e
222 00000 ... e
ODO0000000 ... e e
231 O0O0OOOOODO ...
2.3.2  Profit Sharing OO OO . .. .. ... .. ... ... ..
233 O0ODOOOOOODOOOOOO ... ..

341 0O0D0ODOODOOD .00
342 0O00O0DOOODOODOO ..o oo

10
13
13
16
19
23



U40
4.1
4.2
4.3

4.4

4.5

4.6

us50
5.1
0.2

Al
A2

C.1
C.2

oD
D.1

ggbbobooogbobobobuooogn

OOO0O000 ... e
43.1 0O000O0OOOOOO(SMDP) .. ... ... .....
432 O0O00 ... e
OO00O000D0D00O00O0O ... oo
441 DOODODOOOOOOO0O ... .0 e
442 TOOOOOOODOODOODOO ... 0o
443 KeepawayU DO OGQOOOO .. ..o o000 oo
OO000O00D000000 ..o
451 000000000 ... .

EEN
I
I

ooooo (1]

OO .o
0000000000 .. ..o
A21 00000 ... ..

ggbbobooogbobobobuoooon

Keepaway

Keepaway D OO . . .. . o0 oo
O00000 Keepaway U OO . ooo0 o000 oo oo
C.2.1 Keepers . . . . . . .
C.22 Taker . . . . . ..

gobobuooooboo
I

1

44
44
44
45
45
46
49
49
55
61
62
62
62
64

66
66
67

69
69
70
73

74

77
77
78
79
81

83



D2 TOODODOODOODOO

g

goon

11



1.1

2.1
2.2
2.3

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16

4.1
4.2
4.3
4.4
4.5

RoboCup Japan Open 2012 00 OOOODOOO . ... ... ... 1
OO000O0000 ... e e e e e 11
OO00O00000000 . ... e 14
OO00000000000 ...t 22
I 25
O0OO00OO0O0O0O0 ... e 26
I 0 P 28
I 29
I 30
I 31
I 32
QUDOOODOOOO .. e 36
I P 37
O0OO00OO0O0O0 ... e 38
OO0O0O0O0O0 ... e s 38
0000 (100oooo)oooogoooooog .. 39
0000 (lo000D000)00oooooooog ... 40
00000 4s000000)0000DDOOOOOO & ... 40
OOO00 .. e e e 41
I 43
OO0O00O0 ... e e 46
OOO00 .. e 47
OOO00 .. e 48
I 0 P 51
O0O0O00O0O0b0OoOO Profit SharingOD OO ... .o ... 51

v



4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18

Al

A2

A3

A4

A5

A6

AT

A8

A9

B.1

C.1
C.2

OO0O0O00o0DO0bDOobDOO Profit SharingODOOGQOQO ... .. .. 52

QOOOOOOOO . ottt 53
OO0O00 © o oo e 54
TOOOOODO .« o oo, 55
000000000 . o oot 57
000000 TO0OO0O000000000 .+ ..« oot v et 58
QODOOOTOOOOOOOOOOOO .. .o, 59
0000000000 TOOO0000000000 .« . ... .... 60
30 20 Keepaway 000000000 . o . v oo e oot 61
0000000000000 .+« o0 0o 63
0000000000000 00000000000 .+ ... . ... 64
0000 (QO0000)000000000 & .. ... ... .... 65
00000000000 00000000000 . . ... .... 65
O0O0000 .« oot e e 69
OO0O00 © o ot et e 69
000001000 . . . o oot 71
ooooo 2,

OO 1 o oot e 71
ooooo 2,

00200000 . ..t o 71
ooooo 2,

OO 2 © oot e 71
ooooao s,

OO 1 o oot e 72
ooooo s,

OO 2 o oo 72
ooooo s,

OO 3 o oo 72
000000000000 200000000 .+ ... ... .... 75
000000000 . o oot 78
000000000000 .« .« oot e 81



1.1

2.1
2.2
2.3

3.1
3.2
3.3
3.4
3.5

4.1
4.2
4.3

[]

gooboooan

gooobod
gobobbooggoobooooobooboo
gooboooan

gboboboooobobbbouoooobbbooogoon
gbbobooogbbboooobobbooodan
goboooodg
gbobobobouooogbbobbooooobbon
gbooboooon

goobooooobobbooooobobboooan
goooood
TOOOoOOOobOOooboobuoobooboobo

vi



10 Ui

1.1 obobooboubogbogd

il

0 1.1: RoboCup Japan Open 2012 000000000

00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000 [2@4)p)e000000000000000000000000
0000000000000000(7R0000000000N00NNonoononon
000000000000 900000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
(00)000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000



00000000000000000000000000000000000
0000000000 (RoboCup)[10)0 0000000 (0 1.1)00000000
“0020500000000000000000000000000000000
0000”’00000000000000000000000000000000
0000000000000000000000RoboCup0 000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
000000000000 000000000000000000000000
000000000000000000000000000000000000
0 [11][12)[13)[14][15][16)0 0 0 000 00000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
000000000000 000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0 (000000000000000000)0000000000000000
00000000000 0000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
afulululs

1.2 OO00OO0OO0O0O0OO
1.21 0O0OOO

gogoboboboboboobobbbbbooooooobbbbobobbbbbbo
gbuodgbooboboboboobuoboobobbobooouboobon
gbougboboboboobuodgbuoobobbobbbobooboobod
goodoooooooobbbbbuouooooobboobobboooogod
gobboboogoobbooobbuoogbbuoogbbuooobboognon
gooogooooobobbobbooooooobbbobuouoooooo



U 11:00000040gf

gooo ERERN HEN
gogobooboodd gobbooodobboon (gbooboooban
g 0

ggbbobooogob (booobboooobbo |jbbbbooodan
ggobobbooooon

gobooo gobboooobbood (gboobdadobgad
goooodgd gooo

O000000000000D0O0OGenetic Algorithm: GAO (1700000000
0000 [18]0 Neural Network: NNOO OO (O 1.1)0000000000OO0OO
goddddgoooooobbbbbdodoooooboobobouooooon
gdoduoooooooooboobobooboboboobobobobbbbooboouoooada
goddddgooooobobbobbbotboddoodoooobbboboboobooboo
godddggoooooobbbbbbdoddoddoooouooooboo
goddddoooooooobobbobobbuoooooogooooboobobboo
gogodgoooooobobbbbbbbboobdoooooooooouogd
godddooooooobbbbbddgouoodduoooouuooooon
godddoogoooobbobbbooobooooboooooooooon
godgbbbobooooogooooobobobobobobobobboooooooon
goodoogoobobbbbobobbbbotboddoooooboboobbobbbboo
gdodgooooooobbbbbodooooobboboobobboooood
goooboooboobobobbbbbbbbddgooooobbobbuoooooon
goooobobobbbbbboobbooooooooooooobbbbbbbo
gooddgogoooobbbbbbouodooooobbobboboooon
gogogobbbobbbbobbbuodooooobbbobbouoooooon
goooggbboboooooooobbobboboobooooouooooon
goddgogoooobbobobbbbobboooaobbbbbbbbbboo
goodgggbboooooootououuooooobboobouooood
gooddggggouoouooaboobbbbbbbbbbobbooooooon
gbdooooooooobobobbbbbbbbbbbooooououoooon
0000000000000000 [9)eooo00000oooooooooo
godgddgoogoooobbbbbdodoououououduoooooooon



ggbbobuoooobbbboooobobuoooobbobogo

1.2.2 0O0O0O0OO

0000 ([21]22)0000000000000000000000000000
0000000000000000000000000000000000000
0D000000000000000000000000000000000000
000000000000 ([23)[2400000000000 [25)00000000
0000000000000 00000000000000000000000
000000000000000000000000000000000000
000000000000 000000000000000000000 [21)0
000000000000 000000000000000000000000
00000000000000000

a) 0U0O0O0O0O0OO OOOODODODODOOOOOOOODOOOOOOOOOOOO
gboodoboooboobobboboobooboboobuooboobonobo
0000000 QOObDO0bOQUOOOO0oO00obOO0obO0oboboooooboOooDo
2600 000000000000000 (MDP)DOO0OOODOOOODODOODOO
O00b0o0O0o0bOO0bO0obOOobDOoboOobDOobDoboOoboOoQOoboboobOooo
goooo

Q(s,a) < Q(s,a) +a (R +7 ) Qs ) — Qs a)) (1.1)

a;€A
D00 RODODODDODDODOO0D00000a(0<a<1)00000~40<~<1)0
0000s0000000000000000000000000000000
0D000000000000000000000000100000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
D000000000000000000000000000 (272800000
000000000000000000000000000000000000
000000000 Sarsa [29)000000

b) 0O0O0O0OOOO0 OO0OO0OOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 DO0O0D00O0OOProfit Sharingd QODOODOODODOO

4



000 QUObO0b000000oboobooboobooooboQUoboooog
0000000000000 0000 10000 [30/0

QUDO0O0O0O0O0ODO0O0ObOO0O0ObOO0O0ObOO0O0ObODbODOObODOOobDOOoDbDOO SO
QUODODOO0OsO0QUUODDO0O0O0O0OU0ODDOOO0DDDOO0ObOOODDOO
ool oooooooogg
0000000000000 b000b000QUoobooboobOooDbOooDbo
000dddooooooobobobbbbodoooooooooooooooo
oodn

Profit Sharing0 00 QUOOODOODODOOOOODOOOODOOOOOOODOO
O00r(¢t)0 QLOOOOO0DO0DO0O0OO0OOO0OD0O0OOCOODOODOOOOOOO
go0o0O0O0OO0O0O0OO0O0O0O0O000DO spObO0O0O0OO0O0O0D (booooo
000000)0t00o0o00000 s,00000000 05,0000 0 Q
00 Q(s,0,) 0000000 QOOO0O0ODODODOOOOProfit Sharing0 0000
0000 QLO0O0OO000000000D0 GheQ(s,a) DODDODOODODOODOO
ooo0o0o (CGOOODOOOO0ODODO0OOO0O0O0O0O)booooooooooo
gooo0ooboo0ooobobooooboboooboboooobbooobbooooo
0000000000000 00r¢) 00000000000 QOOO0O0OOO
0000000000000 b000b000b0DQUODOOoobOooDbooDbOoooDo
0000000000000 00000QOO0O0bO00b0oDbOOoDbOooDbOo
00000000 Q(st,a) 00000 r(x) 000000000 OOOODOQODO
0000 ((1.2)0)00000000000000O0DO000DOODOO0OOODOO
step 00000

Q(s¢, ar) < Q(8¢, a) + Crialr(t) — Q(s¢, ar)] (1.2)

where t=0,---,step —1;

Profit Sharing 0 0 0 0 0 0000000000000000000000000
000000000000000000000000000000000000
0D00000000000000000000 [1J00000000000000
000000000000000000000000000000000000
0000000000000000000AOO0O0DOO000000 ROOOO
0D(<1)0000000000 (1.3)000000000

5



r(t) = Ry x (D)*""* (1.3)

goodgooooobobbbbbbbbbbbuouooooubobobuooo
godddddgoobooooooooooooobbobobobuoooooon
ggoboooodgg

1.3 0O00OoO0

00000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 [31)32)00000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000 [33)34]35)0000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000(3]0000000000000000000
0000000000000

D00000000000000000001000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0D00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000



0D0000000000000000000000000000000 [37]00
0000000000 Actor-Critic 000000 [38)0 000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0D00000000000000000000000000000000000
00000000000000000

00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 00000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0D0000000000000000000000000 (27394000000
00000000000000000000000000000 4000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000

1.4 000000

gboodbooobooboboobb20boobobboobooboooban
gogddgooooobobbobobbiodoooooboboboboooouoouad
goodooogboboobobooooooddoooobboobooboboooooon
goobobbobboboboboboboobobbbddoooobbooooooooobn
gobobobboogoobobobobooooobbboooobbuooobbooooon

g3tudoodooooooooobobbbbbbboooooooada



godgddggogoooobbbbbuouooooobooobuouoooon
godddggooooobboooboobbobbbbbbbbuoooooon
gogodoogoboooooooooodooooooboooboboobbbbbo
gogbobboogooboobobuooooboobobodan

g4 oobbobboobooooooon
goooooooobobobbbbbbuoddoooobboobbbooooooon
gogdddooooooobbobboboobooboobbbbbbbboooooon
0000000000000 0DO00O0U0DO0ob0O0ODbO0ODbDO0ODOOProfit
SharingO 000000000 DOODOOOOODODOODOODODOOKeepaway O
gogbobobboooooboobobboooooboboboan

gstdgbbbuoogoobobooobobobboooobbobboooon



20 UO0obddoooddbod
HREEN

21 UO0O0OO0

goodgoggooobobbbobbooooooobbbbobobuoooooon

godgdoooooooooouooodoooooobobooobobbobooboo
gdddddoooooobbbbbodooooobooboobouooooon
gogdooobobbobbdddodooooooobbobbboooooooon
goddddododdddo 1o ooon
gogoooobobbbbbbobobbbbbbodoooooooooououadad
gogbbobuooooboboboooon

22 OO0O0OO

00000000000000000000000000000000000
000000000000000000000000000000000000
0000 [32)000000000000000000000000000000
000000000 [42)31)43)0000000000000000000000
0000000000000000000000000000000000000
00000000000000O0TO000BOOOO0OOOOOOOO0000OO0
000000000000000000000000

221 000000

goodoooboboobobbbbbbbobboooooooooooobobbon

oo uoouduuyuuuuuoga
gogddgooooobobboobbbodoooooboboboboooooooa
000000000000 [44)0



021000000
DDDDDHDD oooooo

gooo gogbob | booogd
gooo goon gobooobooodan

goodgoggooobobbbobbooooooobbbbobobuoooooon
goddgogoooobbobboobbbbbbboobbbbbbboo
godoooogooooobbobbbbbbbodoooooooonbo
godgogggbooooooooouoguoooooobbobbuooooon
goodooogoooobbbbboboabbbooboooooouooood
godgdodgogoooobbbbbdouguououououuououooooooon
godddgogooooboooooobbobbbbbbbbuoooooon
gogdoggbbbooooooboouoduoooooobobboouoooooon
gogdggbbbbooooooooobbobbbbbbbouoooooon
goddddoooooooooooooooooobbbooboboooooog
godddgoogoooobbbbbuouoooooboobobuouooooon
gddddgobodouodoooooooooooobboboboboobooaagd
gbbodgbbugobbuooboogbboobboobuooobboobboo
gbbouogobuoogoboogoboogobooobolbboobboobbd
gogbobobboogooboob 2b000oobobbooooobobooooon
gddddddoooooooooodooooobboobbobuoooooon
gdddddooooobbbododoooobooooooooooboon
ggbbobuoogooboboooooboboooooobooo

222 00000

gdddogooooobobobbbotboddoooobobooooooon
gbodoboobooobooboobobbobToOobOobOoboDooBOUObDODO
ggodogooooobboobbodogoououoddoooooodoooa
godddoooooooobbbbbbbobbddddoooooooooon
gogdddooooooobbbbbdddodddooooooooo
gogbboboogobobobooooobob2100bbb0ooon

10



h] \ e
ﬁ$tf (L)

ARER R
Y

\ iR HUBR AR

; -¥oa77—%

i - faf A AR

i e
AR HERT

THBRREF

02100000000

gbddoooooooooooooooobbobbooobobabbboo
00000d0ooooooooOoU0UUooooo (booo)ooooDpoooo
gogbbbbbboboboboobobbbbbbbbbboooouooooon
goooggbboooooooououuooooobboobobouoooad
gooogoooobobobbbbbbbbbootboooooooboouooaad
gooTooOoooOoobOoobooboobboob TOOoLOoOoboOoooDOo
gdodgoooooobbbbbbddddodooooooooooooa
oo Thooboobooboobooboobooboobuoobuooboo
gogbbobbooogobobobuoooobobbuoooobbbboooooooo
goboo TooOooooooboooboooboooboooboooouooboobo
gogdddooooooobbbbbdddoddodyddooooooooo
goooboo Toobooboobooboobooboobuoobuooboo
gddddddooooboooooodooooobboobbboooooon

11



gbobogbuogbuoobuoobuoobuoobuoobuoo BobooboobOon
goboooboooobobooobooobuoooboooobboooobooo T
gdddddoooooobbbbbodoooooboobobouooooon
gbobobooBOobOobooooobOobOobDoooobobOobOobobLOooo
g0 BOOObOOO0ObOOO0ObOO0ObOObOObOO0UOOobOoUobOoOobOoOoo
gogddgoooooobobbbbbobobobboobobobbbbbboooa
godddooooooobbobobbbbbbbbbooooooooooon
goboooboobooBOOobOooobobooboboOooboboobooooo
gooBOObO0OOOO0OO0ObOO0OObOOoO0ObDOOobObDObDOO0O TOODOOODOOOD
ERERN
gooobooboobooThooBOooboobUooboobooboo
googbooobbooboobobobooboboboTOOOo BOOOoDOO
oo Toobooobooboobooboobooboobuoobuooboo
goooboooTobOOoOo BOobooboobooboobooboobooo
goddddooooooobbbbbddgoouooduuooouuuooooon
gooobooobooboobuoobuoobooboobooboo BOobDOoOo
oo Toobooobooboobuooboobooboobuoobuooboo
gogdbbbbbtoododoudoooooooobooboobbobboboboboboo
gdddddoooobobbooooooooooooobooboobooboobbbobobo
ggbobobuoooobbobooooobbboooooooon
gogobobbobobooobobobobobbbbddoooobooooooooobon
oot oobbobbooooooon
goooboooboobooboobuoo TODbOoOobDOoOobUoobooDbOoo
gddddddooooboobb il ooooobn
gogodobbbbuotddddodduddddddoooooooobouoa
gbbouogbbuogbbooobooobobobobuooobbuoobbuoood
ggbbobuoooobobbbuoooooboooboboobbobobuooogon
gooBOoobobooobodbooboobooboobooboobooobg
gdggggoooobobbbbbbboboboouoduodguoooooon
gogbobobooooon

12



23 UO0O0ODOOOO

gboodgboobobobobogbuoobobooboobobuonbobon
gbodgooobobboobooboobooboobobbooboobuoooba
00000000000 000000000000000000 Profit Sharing[30]
gogooboodao

231 0O0O0O0OO0OOOO

0000000D0O0oC0O0o000oooooooooOoOoOooOOoOoOOgoog (MDP)
gogoggbbbobbobbobbbuodooooobbobbouoooooon
gooooooobobooboobooboboboboboooooo Ssoooo
O0s,eSO00000000O00D0O0D0ODO0,0O0000DbO0OOO0OOOnDOg
0000000 (boO)bo00ooUoooooOoOooOOoOooOUOUOUoOoooDoOooOd
gbbouogbbuoobuodgbbuoboobugs,bboboobobooooboon
UegUOoobbobooooobbbooobodag«.0bouoaobbobogd
oobobodosk0O0O0ObOO0O0ODbO0b0O0ObODbDOODObObOObDbOODO 2200
O00000000O00000 Ab(s;,a,) 0000000000 OODOODOCOO
godddgoooobbboooooooooooooobobbboooooo
godgddgggoooooobbbboobbbduoooooooooooon
00000 BOOODOOODUOBOOOODOOODO (ODO)OOoOooooooOoOd
ooboooboooooboooboobo ThOoOOOOODOODODOOOOODOOD
000 BOOOUOUOO (DOBODOODO)ODOOOOOOODODODODODODODODODOO
ggoboooogg

U = myg X wi($;) (2.1)

0000vw0000000000m,0BO0OO0O0O00Ow(s;)000 50000
000000000000000000000000000000BO0OOO0O
Om,000000000000000000000000000000 ;00
0000000000000000000000000000000 m =000
00000000 m,=10000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000 TOOO0O
000000000000 000000000000000000000000

13



SR
S | BififEB - -
Thiia : k KAy (51, k)
AR w, A LE By BE/ T/
Vi = My, X Wy,
If(ay, A s; THZ)
Then m;, =1 Ap(s11,1)
Else my = 0 Ap(511,2)
s Wy Wy, Wy W, \le.wz. 'H/_”"’\t_x E
il S e Ab(stm: k) .
ThT —3~R—ZR (RFER) La—Fx

Ap(s;, k) X Reward

g 2200000000000

gbobogbuobuoobuoobuoobuoobuoobuoo TOoDboobooDboo
gogdogggogoooobbbbbddoodiooooooooooooo
ooboooooooooboo Thoobooooooobbooboooooo
gbdbboobbuoglbooobooobooobboobboobboon
TOOOOOODODOOOOOODOO TOOOOUOOOOODOOOOOO w(ss)
gbogbuoobuoobuog Tobooboobooboobuoobuooboo
OO0 ThOOOOOODOODOOoOOoOoOO

gooddooogoooobbbbboboduooooobobboobobbobbn
OO0 (ThOOOOODODOOOOO)OOODOODODDOOOOOOoooooo

2.3.1.1 ThOoOooooooOO

gbobobobobooooobobobooobooboboThODOODODO
gbodbdtdw 0obodboboobobbobooboobooboobon

we(8;) < wi(s;) + a(ri(s;) — wi(s;)) (2.2)

14



(2.3)

Ay(si k) x R : A(s, k) 0000000
ri(s:) = 0 0000

O000ROOO0OODODO0OODODODe(0<a<1)0O0O0O0O0OOOODOOOO
bbb w 000000000 obooogobbboooooon

000000000 0bO0b0obOobOOoU0oOoU0oboOoDOoDO0oD elpOODOD
gogoobodgd

23.1.2 0000

10000000000 s0000ThO000000000BOOOO0OO0
0000000 w(s;) 00000

2000000 BOOOOOOmMO0O0O00

3 B, 00000wk)=m,xw, 0000000000000 O0OOOO0OO
gb0doBOOOOOOO

4 00000 BOOOODDODOODDODOODDOODODOO

500000000 BOOOOODOOO Ab(s;,k)D00O0O0O0ODOOOOO
00000 Ab(s;,k)=1000000000000000000000O0OO
00000000000 Ab(s;,k)=1000000

6 000000000DOD0O0OD (24)0000000COCO0OO0OOO
Ab<—BXAb (24)
O00p(0<p<)DO0DOOOODOOOOODOOO

gooobouol1goboobobobobob Bhooboobooboobooo
gbobobobooboooooboooobobobooboboobobo ThooOO
gooood

b oobbboooobobbuooobbbooobbooobbooon
gdddddoooooobbbbbbouooobbobbooooooon
045 000000000000000OO000ODOODOOOOODO 23300000
ERERE

15



2.3.2 Profit Sharing 1 0 0 [

goodgdoggooobobbbobbotbodguoduoooooooooooo
gogdoboboobbbbdooooooodooooobboboobbbooooooon
O Profit SharingOD 000000000 ODOO0OODO0OODOOOOODOOODOO
gogddodoooooobbbbbodooooobboboobobbooooad
gddgddooooooobbbbbbddooooobbobbuoooooon

O00000000oooo o

r(t) = R x % (2.5)

O000r)000000ODOODOROOOOOOOOOOOOOOSOODODOO
D+1DDDDDDDDDDDDDDDDDDDDDB:%DDDDDDDDD
goggoobobbodoooobobbuooooobbbouooon

goobbobobooobobobbbbbooooooooobbobbbboboboobobo
Profit SharingO 0 0000000000 O0DO0OO0ODOOODOODOOODOODOOO
gobodo-gobbbooogboboogoboboooobobooboboobbogod
b)0O0O0O0O0O0000000 ((22000)0000000000C0OODODOOOO
gogodogooboobobbbbbbtbodooooobboboboooboooa
godddgoooooobbbbboboobooboobbbbbbbbooooooon
gooboboboobooobobobobbbbotbodoooobbobobobuoooououad
O00000bO0bO0obO0ooo0obOooOQQbOOooDobDOoboboboooooboo
gogbbobuoooobooboooon

a) 00O0O0O0O0OOOOOO0OO0 ODOODODODOOOOOOOOOOOOOOO0
0000000 Profit Sharing0 O O0O0OO0ODOODO

Q/<87 a’i) — Q(Sa ai)a vai S A (26)

00000000000 00bO0oO0obO0obO0ooobODOoDobObOobOoDOoOQ
gt oooobobobbobbbooooooon
gogdooooobobbbbbbboobbotoooddooooouoooon
0000000 (r¢t)=0)00000000000000O000OOOOOOOO
000000 (l-000000000000000OO00O0OODOOOOOO
ggobobboooooooo

w'(s,a;) < (1 —a)w(s,a;), Va; € A (2.7)

16



O000Profit SharingD O OO OOD0OOOOOOOOOOOOOOO

b) 00000O00O0OO0O0O0OO0O ProfitSharing0 000000000000

gogbboboooobobbboobbuooboboooobbuooobbuoogon

ggbbbuooodgbobbbuoooobboboooooboo
ggbbbooooobbobooooobbboooobobbboooobon

c) O0O0O0O0OO0OOCO QOOOOOO0O0OO0OO0O0OOOOO0OOODOOOOOOs
goodoooooooobbbbbbudooooooooooooooag
gbbuogbbiuidib e, 00000 e 200000000000000000
goooboooobQbobobooboobooooooo

Q'(s,a1) + Q(s,a1) +alr—Q(s,ay)) (2.8)
Q'(s,a3) + Q(s,az) (2.9)

QUOO0OD00000000000000000000000000000 AP,(s,a)
goboodgo

AP,(s,a1) = Qa) Qs

Q,(S’al) +Q/(S’a2) Q(Saal) + (SaaQ)

) a(r—Q(s,a1) Q(s, as) (2.10)

(1= a)Q(s,a1) + ar+ Q(s,a2)) (Q(s,a1) + Q(s,az))
00000000 QOUO0O0000000AP,(s,a)>000000000000
0000ODOoO0000obDoObOO0o00o0oooOooooDoObOoooooOoOooOoOoa
O(r<Q(s,a)000000AP,(s,q)000000000000000000
0000000000 bOO0000oD Qbooo0oooOooooOooooooa
gooooboddoouoobooobouoooobooooooboouooon
gooooooboooooooouooooon
gdooooooooooboooooonouououoooooo

w'(s,a1) +— w(s,a1) + a(r —w(s,ay)) (2.11)
w'(s,a2) — (1 —a)w(s,as) (2.12)

0000000000 0O0O0OO0O0OOOODOOODOOODOOOODO APY(s,a)

17



goboodgo

APy (s.0)) — w'(s,a) B w(s,a)
VT wi(s,a) +w/(s,ap)  w(s, @) + w(s, ap)
arw(s, ay)

(w(s,a1) + a(r —w(s,a1)) + (1 — )w(s,asz)) (w(s,ar) +w(s,as))
(2.13)

Profit SharingO 0 OO0 0000000 OODOOODOOOOOOOOOOODOO
godddgogouououugooooobobbbbbbbouoooooon
goodogoooooobbbbbobodooooobbobbobbbbod
gogbbobuooogbooboooooboo

d) 000000000 OOO0OOOODOO0O0O0O0UO0O0OO0ObObOOOOOOO
000000000000 0D0O000O0DbO0O0DbO0O0DOO Profit Sharing O Q
ggobobooooon

Q'(s,a1) « Q(s,a1) (2.14)
Q'(s,a2) <+ Q(s,a2) + afr — Q(s,az)) (2.15)

QUOO0DO00OO00D00O000O00O0O00DO00OD00O000OD00000 AP(s,a1)
goboodgo

AP (s.01) ~Q(s,a1)a(r — Q(s,az)) 210
(a(r — Q(s,a2)) + Q(s, 1) + (Q(s. az) (Qs, a1) + Q(s, a2))
000o00o0obooOooooooooobooooooooooooon Qa
(r<Q(s,ag)DDDDDD)DDDDDDDDQDDDDDDDDDDDDDDD
googoouogoogoouoboogoboogooooooonouoboouoogono
googdooooooooooboooobooooooogoogoogoo
googoogoooogoogooouoboobooooooonoouoogono
googooooooogoogoooooooooobooboooonooog
goooggooogoo
gopooooooouoooooboogooogooogobooogoog

w'(s,a1) +— (1 —a)w(s,ay) (2.17)

w'(s,az) +— w(s,a) + a(r —w(s,az)) (2.18)

18



022 000000000000000000040040

0000 |ooooD000 | Profit Sharing
oooo oDooodg oooo
000000000000 |00D000000 |00000000
AR 0D000000 |QoDoooood
00ooo0oo0on 0000000 |QDOoooood

0000000000 0O0O0OO0O0OOO0ODOOODOOODOOODODOO APY(sya)
goobooodgd

AP,(s,a1) =

—OZT’Q(S,CLl)
(1 — @)w(s,ay) + w(s, az) + a(r —w(s,az))) (w(s,a1) + w(s, az)) (2.19)

gdddddoooooobbbbbodoooooboobobouooooon
000000000000 0DO00DO00O0ODbO0ODbO0D0O Profit Sharing O O
000000 (Doooooo0oO0)DooooooooooOoDOoOooOoOoOo

000D Profit SharingD OO DOOOO0OOOQUDOOOOODODOOOOD
O000000O00O0bO0bOobOOoU0oOo0obOoooOobOOobOOobDOoDOoD QOO
gogdddooooooobbbbbobbbbddddduoouooooooo
gododgoooooobobbbbbbbootbooooooooooooad
gogboboboogooobooo

233 UULObObooooooobod

gdodogooooobbbobboboddoooooboboobobboooooon
googbbbobbbbobbooobobbuodooooobboobobobooooooon
00 [46]470000000000C0OO0OODOO0O00O0O0OODOOOOOOOOOO
gogdddogoooobbobbbbobboooooddoouuuoooon
gddddddoooooooooodooooobbobbbuoooooon
godddooooooobbbobbbbbbbbobbobbboooooon
godddgoooooobbboboboobooboobobbbbbbboooooon
gooboobbboobooboobooobooodgooooboboobobobooooood
godddgoooooboobobbbbbboubobobobbbbbobobobbobn
O000000C0COO 4)0000D0DODOODOOODODOODODODOOODODOOOO

19



(36)0000000000000000000000D0D0DoDooooooooO
gbooobuoobooboobuooBbooboood
gdoddgooooobbbobbbotodooooobobooboooooadad
gddddooooooobobobbbobobbooooobobbbbboboboboobon
ggbbbboooooboobuoooobbobboobooobobbuoooon

a) U00O0O0O0O00e-000O00O0OO0 OCOOODOOOOODOOOOOOOOO
googggbbobobobobobobbbobbbobooobooouuooooooo
gogdoogogoooobbbbbodabbboboobooooouoooooon
gogdooooooooobbbbbobobobobbbbbbbbuoooooon
goddggggoooobbbbbuoduouououououuoouooooooon
gogdgboobobbbbbbbbbbuooooobbobobbouoooooon
guodddgogoooobooooboobbobbbbbbbbuoooooon
gogdggggbooooouoouoouguoooooobooobbobbbbbibo
ggbboboogbogbobbooooobbobuooobbbuooobbuoogon
gbodboobobboboobudgbooboooboobooboobod
goodogoooboboooobobbbbbbbbbobobbooooooon
0000000 (00)0oo0o0O0000D00U00ooooooOOoDoOoOoOoOoo
goodoooooobobbbbbbuoddoooobbobobbuooooooon
gogbbobbooodbobbooooooboboooooboboboa

gdddogooooobobobobbbotbodooooobbobbooooon
O0D0000 000000000 OOegreedy0OoooooonooooonO
O0000000¢0<e<1)0000000000O0O0OOOOOODOODOO
gobbbbddle=000000000000e=100000000ODOOO
goooogboboboobooooooddoooobbooboboooooon
gdddddooooooobboooobobbbbbbbboooooon
goboggbooogboodbbooboobobboobbuoobbogn e
gogbbobuoogobboboooon

b) 0000000 O00OO0OOOOOO OO0O0OO0OO0OO0OO0OOOOOOOOOO0
0000000 (Dobopooo0oU0UUOoD)booo000UooooDoooOO
goddddooooooobbbbbdddodooooooooooooon

20



023000000000

oooooo |oooo o0 00
Oooooooooo
0000000 x 0 000000000
Oooooo0o0ooooon
e-0000000 0 o 0000000000000
Oooooo0ooon
0000000 o 0 |0000000000000000
0000000 o o |0000D0O00O0O0O0O0O0OOO0

gobbobbooooobobobooodobobuoooooobooo

_ Q(s,a)
p(a\s) - ZaZEA Q(S,ai)

(2.20)

plals) = exp(Q(s,a)/T)

> asea exp(Q(s, a;)/T)
00000000000 ((221)0)0000T7(0<T7)00000000000
000000000000000000000000000000000000
00 7T=0000000000000000000000T=000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000070000000000000000
000000000000000000000000000000000000
0oo
00000000000000230000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 egreedy0000000000000000000
00000«.0000000000000000000000000000000
0000000000000000000000000000000000000

(2.21)

21



B(

As(R)
U 23 000000000040d

000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000 7T000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000
00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000 A20001000000000
2300000000000000BOO0O0O0OODOAD 1000000000
000000000 ROOOOOOO0O0O0O000000232000000000
00000 ((24)0)000 4=1/5(00000 A21000000000000
000 S=L+10000000 L=1)000000000000000000
000000000000000000070,0000000000

ra =

R

R R R
e A
000000000000000000O000 (22)000000O0OOO0OOOO
O00000000000000000000000O0000000 (2.22)0(2.23)
gooooooooooooooboooooooooooooonoooooon
DDDDp(B|s):%DDDDDDDDDDDDDDD 1<L000000o0oo
O00 LO0O0o000ooooooooooooooooooooooooooo

22



gobooo

1 1
Bls) = — < =
PBls) =775 <3

(2.24)
goodooodoooooodoooooooooooooooooogoon
goodooddoooooogoooooooogoooooooooogon
godooodooooooooooooooooooooooooooooo
0000000000000 0000000000 (22)00o0oooooOooO0O
Ol-a0<a<1)0O0D0D0OOOOO0O0OO0ODOOOOOO0OOOOOODODOOOO
O0oooooooooooooooooouoooooooo rToooooo
godododdoooooodoooooooooooogoooooogon
0000000000000 0D00000T7T000000D0000000 'aO 2
goodoodoooooodooooooooooooooooogooon
goododgoooooogooooooooodoooogoooogon

gogbuogoobbboooobbbuooobbooobbbuooobbuoogon

24 0O0O0O0O

gogdggobbbbbbooboouogooooobbboobbbbbibo
gogddggggooooboooobobbobooooooouoooooon
godddgogooooobbbbbbbbbiooogoooooobibbn
gbogugbogboobuooboobobboboobobobbobbobn
godgoggogoooobbbbboboboobobbbbbbbbuoooooon
godddggoooooobbbbbdouoououououuooooooooon
O0D000000o0oboboO10000 Profit Sharing0 OO O OOOOODOOO
goododgggouououudguoooooooobboobobuoooooon
goboodgg

Do BOOO

23



30 Uboobdduobooutdbd
Juooototd

3.1 U000

goodgoggooobobbbobbooooooobbbbobobuoooooon
gdidddddooooooooooooooobobobooooooououooa
0000000000000 0O0O0O0O00000D0OoooooooD (Lbo)oo
godddgoooooobboobbbodooooobboobobooooouooad
goddddoooooobbbbbddoooooboobobouooooon
godddooooooboobbbboobooboobbbbbbbbooooooon
gogodgoooooobbobobbiooooooobbooboboooooooad
goddoooooobobobobobooddgooobboooboboouoooon
goood

3.2 UOOOOO0OOOO

0000000000000 000ooDoooUooooooDooood u(k)
0(1)0000000000C000DO0OO0O00O0oooooMDbDPODOOOOO
gobobbbobbbobbbobbbbuodooooobbobobobuoooooon
gogobobbbbootododooouddooooobboboboouoooad
gooobod Thoboobooboobotowoboobooboobooo
00000000000 ThOOODOOOOOOOOOOOO TCRO 10¥000
googdoooobobobobobooobbbuodddodidddououooooo
gogbbobooooobobboooouoboboooobobobooo

gboodbuogobooboboobuooboobobboobuooboobon
gbogdbdoboboooboboobooboobobbobuooboobon
gododgoooooobboobbioooooooboboobobooououoogad

24



SpEL: d

HIEHERE

WA SR LNy

T4—R 747 —E il

Tk
(AR k)

T4—R N

HEEE.r FE.x
>(+ >

+

HIEAR u

U 31 0b0b00ggoooogd

gooooooobooboboboboboooooooo ThooooooD TCR
goododggogoooobbbbbbodubbboooooooooooooo
gbobogbobogoboboooboooboobbooooobobooo 31bod
00000000 (00)00000000D000oooooODOOOoooOoOoOn
gogdoogooobobobbbbbbuoddoooobbobobbuoooooon
goooMbPOOOODOOODOODOODOOOODOODODOODLODODODOOO
O00bO000032000000000D000O0OODODbDODODOQUODO
O0o0o00O0C0OC @BrjDoooOo0OO00000DO0DOoOooooOoODoOoOoOoOoOO
goooodgd
gobobobboogooboboooubbbooobbooo22200000
gbooThOoobobooooobobobooobooooooobobooobooboo
gboboboooooboboboooooboboboobobobooobog ThO
00000000 (TCR) 000000000000 ThOOOOOOOOOOO
gooooboboobooboobobooboboboboboobobobUu B
0000000000000000000 400000 ooooooooooo
Thooooooooobobobooooobobooooooboouooooo
gdddddoooooobbbbbodooooobooboboooooon
gogobobboooooobobbooodood

25



032 0000000booo

gobooboobooobooboooobooobooboooooboOgThOD
000 &E=[&,%---,5]000 0 00000000000000OOO0OOO
godddgogououuougooooobobbbbbbbouoooooon
ooooooooboobobobooooo Ty 1ODODOOODODOOO
gobooooooobobw,, 000000000 ThOoOoOoOooOooooOooo
0¢&ouooo¢guoooouooooooooon

L(Thj, ak) =

{ Ky oy 16— &)l ax memorized (3.1)

00 otherwise
(3.1))00000U00opooUoUUooooUU (LWw-0O0)oooooooOoOoDoo
000000000OooDOooon

0000000000000 0O0D0O0D0O0kO0O0DO00ODOOODODOOODOO
000000000000 0000DO00DO0D000DbO0ODOO0bOOoDbDOoOoDbOOoDg
00000 ThODOOOODOODODODODODODODOODOOOO

S W,
e = jzo exp(L(Thj, ay)) (3.2)

26



OO0 NOThOOODOOW;0 ;000 ThOoOOOOOOOOOOOOOO
ERERE
gogbobobuoogoboboboooooboboooooobooo

1 0J000DO0o0ooo gopoooo gooooBOoODOoOoD me OO
ggn

2 ThOOOODOOOOODOOOOOOOO 32)Doocoooooo

3vk)=m,xw,, 000000000000C B, OOOUODOw(k)OODOO

000000000
v(k)

> (i)

4 00000k000BOOODODODODODO A& kDODODODODODODOOODODO
ogooool1obooooboodooooooooobooooooood
ogodoooiliooooon

P(& ap) = (3.3)

o oot bboooduobobbbbooon
Ab<—BXAb (34)
O00p<p<l)DO000OOOoooDooOoOOO

lob0obobooooboboboboooooo Thoboobooboooooo
ggbbobooodgbobobobuoooon

W;=ax A&, k) xR (3.5)

20000000 ThOOoDOOoOoOOoOobDOoOoo

W; « Wi(1—a) (3.6)

gbobodgbobogbs3ggbuboobuooobuognobuoonobuoonooa
goodoooogoooobooooouodgoooobbobooboooooon
gogoobbboouododooduddooooobbobboooooooon
gbbogbbooobooobodbbskbboobboobboooboon
00000000 (DooooO0oOoOoO0)DooooOoooOooOoooOoOoooo
ggbbobuoooobobobooooobobood

27



BRIRIRME = [§1,82, . énl

NV s .
BN - :

Thitfifa . Y HitEA, (0P

HARHA 2w, B m, ANBE T A— AN
vk = mk X Wk
— If(ay B & THR)

Thl-Wk,fz | Then my, =1 Ab (51' k)
| ThaiWnd” | Elsemy =0 Ap(§, 1)
S JL—JLR—2 :

Th: Wy ' | Ap(E, k)
ThT—&~_A—Z(La—FH=) La—KR=

Ap(&/,k) x Reward

033 0000duboobogooooon

3.3 Ubouoobouoobooon

gdddogoooooboobobbbbbbbbobodooooobooada
gboboboooboobobobobuobuobouobobouooooooThOODO
goddddddoooooobobobbbdddddoooooooooooon
gt ooooboo
gogbobobooooobobuoooobbooboan

gbogobooobboobbodbboobboouoobbuooobooba
gdddddoooooobooooooboobobobbbbobbodooooad
3400000000000 () 00000000000 (s;)00000 ThOO
gdddooooooobboooooboobbobbbobboboooooon
goobobbobbbobobobooboobbbuoddoooobboobobobuoooooon
gogoogooobobobbbbbbbodgoooodgoooooooobon
OThooboboobobooboboboooboobobobooobooboboog
0000000000 (¢)00000000 (s;,)00000000000000
gobbobbuooogbbbbouoooobbuooobbbbbooodideptd
gobbbud s, 00l e 0000ggbbbbooooobbboooobon

28



ot o5 o512
L |
o510 o;f 5, 5,
S
.5;5 .f?
S4 Ss Se
o5 $8
o52 ® si: BEEUBIRERIR
57 Sg so| Sit EERKERR

034 00000000000O0O000OO0

goon

ep
Wep(s,a) = Z a? (1 — )P try, + (1 — @) Pwip (3.7)
p=1

0000r, 000000 ¢O000000000w,000000000000
000000000000000000000000000000000000
(3.5),(3.6) 000000000

wep(§,a) = aP(1— )T, (3.8)

gobooobooobobooobboooobboooboo ThoO ThyOOO
goddddoooooobbbbbddoooooboobobouooooon
ggoooo
gdoddgooooobbbobbtboodoooooboobooboboooooon
goddddgooooobobbobbbddoooooobooobobobboboboboobobo
gbobogbobuogbboobbogog ssuubobuoonoooobobobod
gdodgoooooobboobbodooooobboooooonoboooo
gbob3ebgobooobboogbboogbooobbooboboobonboa
OThOooooobOooobooobobooobboooobooooobooo
gddddooooooobbbobbbbooboooduooooouoooon
godgdoogggbbbobbobbbuodooooobbbobbouoooooon

29



U35 0uugggbobouoagn

gbggbuobuogbgdgbooboobuoobooboboobuboobg
gbbgobobooobboobbboobobooobbooboobooon
gbbgoobooboboobbuooobooobboobooboboobooon
gogoo
gbbooboboobbooobboooboooboobobobbuoobbod
gbggbgobuoobooboobooboboboobo

30



g 3.6 00u0odggbobouooagn

34 UUO0OUOOOOOOOOOOOOO0OOO0
3.4.1 U0OOOUgooooon

a) 0U0OO0O 0OO0OOOOOO0OOO 420000000000 OCO0OODODOODOO
0000000000000 00000oOoooOoOoOoOoOoOoOoO (o370

y=1—cos(mz/10) (3.9)

godgddggogoooobbbbbuouooooobooobuouoooon
goddddooooboooooooooooboboboboobbobbbbbbo

31



BifthR

FRGLE

>
X
037 0000000oogooo
gooooooooboooooouououooooooon
1
Ty = T +Ut_1At+§UAt2 (310)
vy = U1 + ult (3.11)

gbobogbbddg 000l «0dbbooboobboooboobo
00000000000 At=0.02[sec] 0000000000 w0000O00O0OO
gobbebb0ODbO0OOooOobbObOO0ooobbbOoooonbn

u=a — 1.2sin(7wz/10) (3.12)

gbobodgbbddbez=0v=000000000000000000000O0
O0000«00D0DODOO A=1]-05,-0.1,0,0.1,05|0 00010000000
O00z=60000000000000000000000(3.12)0)0000O
gdddddoooooobbbbbddoooooboobobouooooon
gbogbogboobodbooboobobboboobuoobuoobobobo
goobobbobobbobobooboobobbuoddoooobbobbobuoooooon
goddddddoooddddooodoooobobbobbboooooooon
0000000000000 00000000O00D0D0DoOoOoOoOO Az <04
gobooobo0 R=100000O00DOOOODOO0OLDDOODDbDOOO

32



031:00000000000000000000000O00O0

oooooo | Qoo 00000000 (000)| 0000
000 a 0.1 0.1 0.1
000 ~ 0.9 - -
ooo B - 0.2 0.2
00000 | e-greedy (e = 0.01) 0Do0oo0o00 0Do0oo0o00

032 00000000000000000000000
DDDDDDHxDDDDD‘iDDDDD o000

P 30 40 1200
Py 60 80 4800
Py 120 160 19200

vobbuoobbuoogbbooobooobooobooobbdg =102 <10
goodoooooooobbbbbbbiblbers=-1000002=100000
dvyv=000000000000000000000000O00O00O00O0OO0O0O
|©|=5000000000000000000000000O0O000O0O0O00O0O
oo obooboobobbbbobbo
googggooobobobbbbbbbbbooobobbbbbbbbobbbo
gosooodgdsooobbbbggdobobbodgoobooobobobogd
O0000o0ooobOQQOhOobOoo0obOO0ooOoooboOobOoboboooooboooDo
godddobbddddddduduskbbbbbbboooooobobbbO
gogbbobboogooboboobobboobbbuooobbooobboonoon
000000000000 00O0ODO0OO0OO0s=[»#00000000O00O0ODO 3.2
gbobogbbuoobboobboooooobosaoboooboonoobog
gogbobbbooodoo2330ddbobobodgduoooboboooonoon
O00bO0o0O0o0obO0obOOobOOooOOooDOobOO0obDO0obO0oOoQUOobOOobDOoboooD
gttt ddddoooooooon
bbb e=001000000

b) 0000000 O00O0OO0OO0OO0OO0ODOOOOOOOOOO0OOOOOOOO0O0
oo oobooobbobbobobobobo
goodggoooooooobbbbbbbboooogobbobobobbbod

33



gogbbobuooooobbbuooobboobboboooobbboooobon

_ STEP,,
Qu(m) = STEP,

gooddgoogoooobbbbbbouooooobobbbobooabon
ggbboboooobobbbuoooobooobbbbuoooobb 33bbon
oobbooboooooboooQUoooooosgouoooooouobooonoog
o bugoboug dioooboobodgbbogbboobbuoobbod
gbuogubogbuogoboboboobudgbuobobboboboobon
gogdgboobooboobobbbbbbbuodooooobbbbbbuoooooon
goddgogoooobbbobbbodoooooobobooobbbbobobbobo
gogodggbooboobobobbbbbbbbodoooooobbobobbouooood
gbdodooooooooooooooobbobbbbbbbooooooo
(0OO000O0OO0OU0U00D)0DD0OoU0U0bOOOoU0U0DOOOOOOOOUOOoooOd
godddggooooobbobobbbbbbbbbooobobobbbbbbbo
oo bbobbbbuooooooo
gogoobodgd

O00000000O0bO0b0bOobOoboobooQUOooObobooboooOooDOoo
O0bO0o00O0o0ooO0oboOobo0obobO0oobOooDbbOOobobOOobobDOooDOoOoQ
gooMDPOOOOODOOOODDOODLDODUOODODDOOUODDOODODOO
godddgooooobobobbbbbboboooubbbobooooooooad
gbobogbobooboo21g0bogobo vbooboobbuobbdoded
gooobbobobooobbobobbbbbbbbddooooooooooougad
gododgooooobobboobbiodooooobobboboooodooa
gdodooooooobboobbiodoooooboboobobodooooooa
i edogooooboobootboouddddddodoouoooooon
g00b0o0O0o0obO00obOobOO0oOobO0obDO0obOU0obOU0oOoUOobOODOobOUOOD
O00bO00O0o0bO0obO0obO0ooOO0obO0oobOOobObOOobDUObbOOoDOobOOoOoD
O00b00O00bO0O0obO0ooDOooOOobOO0oObOOobOOobOobobOoooOODO
godgddoooooooboboobbbbbbbbbbboobbbuoooooon
gododgooooooouooooooooooboboboobobooooouoad
gdddddooooooobobobobobbbbbbbobboooooobbobon
gobobobooggoboivoodbooboooogboobooooobosbbbod
000000000000 s?~19x10200000000000000000

(3.13)

34



033 00000df

gooo HDDDDDDDDDDD ggobooo |boooooobooboon
goog A 21 0.90 200
gbood A 24 0.79 200
good P 26.1 0.73 200
QOO P~ 33 0.58 1000
QOO B 24 0.79 2000
QOO P 21 0.90 3000
googoad A 51 0.37 300
gooobood A 42 0.45 1500
gboogbood P 33 0.58 40000

gooooobooboboboboboooboboooboboooDoDooQuoO
gobooooooobooobobboobooboobo 1ocobbooboooooQ
gogododgooboobbobbbbbbbbdoduooooobobbouoooooon
goggooooobobobbbbbbibodooooobbobbboooooooon
gogboboboogooboobuoooon

35



600

— P
500F — P
7P3
400r
o
& 300}
»n
200
100
n " s ‘u, | ,‘r‘j " e | ki oty
O | | | | | | | |
0 0.5 1 15 2 25 3 3.5 4.5
Episode % 10

038 QO0ODO0D0O0OO

36




600

500

400

2 annl
£ 300
N

200

100

039 0000dobobogoooboon

37



600

5007 7P2 |

400F 1

2,
£ 300 |
n

2001 1

100 1

00 0.5 1 1.5 2 2.5 3 3.5 4 45 5

Episode % 10

o~

g 3.10: odgobooobogo

[m/s]

g 31 gggoooo

38



O000000o0o0U0o0ooO00ooooo0oooooooUooog (moo)
godgdodgogooooobbbbbuoooooboobouooooon
00 (03.1203.1303.14)000000000000000O0O00O0OOOO0O0Oo0
gbobogbobgobobobodoobbooobooobboobboboboba
gboodgbdoobobobobuoobuooboobobbsisgbuogoann 100
gododgoooooobooobobbobbbbbobboboboobbbbbboooa
gobobobbooooobbobooooobobos4bougogood4s0bnbod
gogbobobboooobbbootdl 4<z<l,3<z<oobbbod
gogbobobbooogobbobooodobbbiudgd-3<zr<6,0<z<dl
oo dddddide<zrz<y2<cez<4000D
gddddoooooobobobobbbobooooobbooobbbbobobobooboo
godddddoooooobobobbbbbbbdodgoooooooobn
ggobobbooogoooo

031220000 (100000)000ooooobooo

39



0 3.13: 0000 (looCooOOoO0)0Doooooooooo

0 3.14: 00000 4000000)00D0OOOOOOOg

342 0J0OUO0OOOOOOOODOO

gbogbobobobobobobobuobooooboobobobobobon

40



V

0 315 0000

a) U000 0O0O0OO0OO0OO0OO0OO0315000000000000000000
gogodggggoooobbbbboabobooobooooouoooooon
gogodggogoooobbbbboubbbboooooooooooon
godddgggouoououooooooboobbbbbbbbuoooooon
gobbobooogbobbbuogbbbooogobobobuooood

(M 4 m)i + mlcosff + D,i + misindd = a (3.14)
micosfi + (ml® + I)6 + Dy — mglsing = 0 (3.15)

oooomMOooooooomoboobooo/oboboboboooooD, 0O
gobodgbbDb,0b0bboobbobbo/booboobooboobod
00o000000000o0oOoO0OOO0OOO0OOUOOUODOOOOO (W =mUOOOOO
00 A=[-10,0,10000 0000000000000 100000000000
D(920,9:O)DDDDDDDDDDDDDDDDDDDDDDDDDDDDD

41



U034 00000000000000000000

oo0ooono O
M 1
m 0.1
l 0.5
D, 0.0005
Dy 0.000002
1 0.00002
At 0.01

U35 00000000n

00000 |0000 0000
0 oooooQ

i 0 0+0.5

) T 0+0.5

[ 0 0+0.2

0(034)00000000000000000000000000 [z,4,6,60
000000000000000 £010000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000D1000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000000000 48]
000000000000000000000000000000000000
00100000100000000000000000000-10<2<100
0000000000000 4=000000000000000000000
000000000000000000 4000000000000005000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000 wy,=001000000000
00a=01048=0200000000000000000000000000
000000000000000031600000

42



5000 T

——Qoooo@oooo)
4500 “ ——Q0ooo@oooo)

4000

3500

MW)N‘WVW

& 2500
]

:

1500

1000

500

0 | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Episode

g 316 0dopobooooooobooon

gboboobbuoobboobbuoobboobbogb o000
gbobogbboobboogbobogbobogocobboobbuoonobuoooo
goobogo2oobbogobobogdgbobooobboooboboooon
gdddddoooooobboooobbooboobooooooooooon
gboogboobobobbooobobboobuodboobooobuoobooo
gogbobobooooobobboooobobobooooooo.

3.5 U000

goodogoooobobbobobbobbbbbbbbbbooooooon
goodooooobobobbbbbbboduooooobooobobbbodad
gdddddoooooobbbbbodooooobooboobouooooon
oo bboobbobuoooooon
godddgoooooobbbbbbbbbbbbbobobbboooooon
goddddogooooooobbobbooooooooobboooooon
gogobobobbooooboooooodgooooobboobbooooon
gobbobboogoobboodbboogbbooobobuooobbbooonoon

43



40 UOOooudoobogdod
oot

4.1 0O0O0OO0

goodgoggooobobbbobbooooooobbbbobobuoooooon
goododgoboobbbbdoodooooodooooobbobbbooooooon
gdodgoooooobobobbbbbbooddooooooboooooa
gdodgoooooobobbbbbbbootbdoooooooooooad
bbb bboouad
000000000000 0DO0O00 Profit SharingDOOOODOODODOOODOO
O0D00000000D Profit SharingOD OO DOOODOOOOODOOODOODODOO
ggobobboogogd

4.2 OJ0O00O0OO0OO0OOOOOOOOOOOO

0000000000000 00000000000000000 (1.3)000
Oo0oOo0oboOo00obOoOoboOo0obDOoo0oobDoOoboboUooDbOobooOAn
goboodgo

gt 1l1oooodgooooooooobobbbboo
gdddddoooooobbbbbddooooobooboobouooooon
goobobbobobbobobobobobbuoddoooobbobobobobuooooooon
gdododoooooooobobobbbbbbbboboobbobbobobbobobda
O00000o0o0ooO0obOobO MDPOOODOODODOO SMDPOOODODOO
O00b0o0O0o0O0o0obO0obO0ooO0obOobO0ObD AlooDoobOoooobooDo
0000000000000 0000O000O000O0 (A)oooooooooo
gobbobil1ogoooobooooboo

0000000000000 00000 ((A4DO)oDo10DDODOODDOO

44



godgdogogoooobbbbbooubbbboobooooooooooon
oobooboosSsMbpPOOOUODOOODODODOOOODOOOODOOOOD
gogobbboboboboboobobbbbdoooooobooobobobbobbobobo
goggoobboboboboboboboobobbbbbboododooooooooobn
gogbobobboogoobobooooobooo

1 (end_time—t)
r(t) = Ry (§> (4.1)

O000Oendtime0 000000000 O0OOOOOR,ODO0DO0ODLODOOO
goooo

4.3 O0O0O0OOOO

gogodgoooobobbbbobobbbbodoogoooboobobooooooon
goddddooooooobbbbddddddodyuouooooooo
gogbobobbooooobobuooo.bboooooboobbuooooboboboaon

431 0000000000 (SMDP)

gdodogooooobbbobboboddoooooboboobobboooooon
gbodbodobobbogbboobobobobbooboobuoobuoobooo
godddgoooooobbbbbboouoouoooooooooooon
gogbobobboooobobooobbooobbooobbbooooboboboa
godddogooooobbbbbbddoooooobboobbobuoooon
godddgoooooobbbbbddoooooboobooboooooon
gogbbbbbouotdoddoodudooooobboobobbooooooon
gdddddoooooobboooboboboobobbbbbbbooooooon
godddooooooobbbbbbddooooobbobbooooon
gbobogbobogobooobooobboooboboooboboo4100bDbDd
goddddgoooooobbbbbddoooooboobooboooooon
gogbbobooooobobboooouobobuoooobooboboao

ObOo00O0o0obOO0oOobObOOooObOoOobOooo SsMbpOODOODDOODO
0000000000000 000OOO00O00OO00bOOOOOOoO

45



041000000

goobobbobobbobobboboobobbbdddodooooooooooooon
gogbobobooogooobogo

4.3.2 0O0O0OO

gogdddgoooobobbbobbbotooooooobbobbouooon
gbooboooobobooboQuouoboboboooobobooboboboo
gogdodggggoooobbbbbudooooobbooooboobbbn
godgdodggogoooobbbbbuouooooobooobuouoooon
gooddbobbbodoooooooooooobbobbbbouoooooo
gdugooooodoooooooobbobbobbbooooooooon
goddggooouoooooobbbbbbbbbbbbodooooooo
godgdodgogooooboooboboobboobbbbbbbooooooon
gogbobobobouoooobbobbodooood

gobboboogob2b0bu00gbbbooooobbboooobon

State transition example(1)

Tog = UYp — 2

State transition example(2)

Ta =Yg — Ty —> Yp — 2

Uidbbz,yoooobbOz0000000000O0DO0O0O00O0ODOOODLDOO
gbdbyObO 0000000000000 0O0O00DODOODDODODLDODO

46



vFP

042 00000

godgdodggogoooobbbbuodooooobbobbouoooooon
goodgoooooooobobbbbbbbbbbbbbbboodoouad
gogbbobuooggbobobboobbboobbbuoobuooobbuoogon
000000000000+, 0000000000000000000 t(< ty)
ggbbbuooogbobbbuoooobbboooooboo

r(ty) > r(tp)

ooo0oO0oO0OO0O0OO0OOO0OO0OO0OO0O0O0O0OOdO (rp)OoOoODODODOODODODODODOO
gogbboboogoobbtoooouobbboooobobbuoooon
gbobogob43b30bboobboooobooobbuoobboonon
gt obooooooooobn
ot obbooboboouoooaa
gogddgooooobobbobobboooooooboboobobooouoouooad
gL bbobboboooooon
gt oobooobobobboboboboboo
00000000 typeCOODOODOODOOODODOODODODODOODOODO
gogdddgoooooobbbbbdodgoouooduooooouoooon
gogdddgoooooobbbbbddgouooodduoooouuooooon

47



- = TypeA
= ~==-TypeB
~ e Type C

Reward value

0 0.5 1
Normalized time

043 00000

OO00OD0Otype ADODOODOOOOOODOOOOOUODOOODOOODOOO
OO0O0O00D0OO0O00OOO00DOO0ObOO00DOObOCO0O0DD 430 typeAOO
ggbobobooogobobobodgo

1
) =2 (05~ ) 42)

0000+000000000000000000007,00000000000
oooooO

000000000000000000000000000000000000
0000000000000000000 typeADDOOOOOOOOOOOO
0000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000 aed000000000000 ay,.,000000000
D0000000000000000000000 (Num(awe) > Num(aepen))O
000y 0 topey 00000000000 00000000000000 ae
0000O0000. 000000000000000000000000000
000000000000000000000000000000000000

48



00 Profit sharingd QU OOOOOOOODOODOO

Q(siya;) + Q(siyai) +a | Y r(tlsi, a;) — Q(si, a;) (4.3)

t

00000000 (0,1)00000000 QUO0000 140000000
gooooobobbobobbbbbbuodoooobbbobbouoooooon
goon

4.4 ODUOLOUOOUOOOOOOOO
0000000000000000000000000000000
1000000000000
2 TOODODODOODOOOOOO0OOO

3 Keepaway U O O

4.4.1 O0O0OO0OOOOOOOOO

b) 0O0O0OO0 34200000000000(03.15) 000000000000
000000000000 bO00o0oOoobDoDoo0obOoOo 34200000000
000000000000000D000000000 z=10,% = 10,0 =50, = 50
0000000000000 000O00bOooOOoooooO (P=00o000O00O
o0 A=[-10,-1,-0.1,0,0.1,1,10)0 000000000000 O0OO0O0OCOO
0000000000000 000O0O0O000C0DOO0O0U0Oo (D41)0DO00O0O
0000dboooboobooboobooboobooo400000b0o0bDOO
0000000000000 0000000O00DO0ODOO0DOoDOOobOOoOobDOooDg
0o0ooogoo

0000000000000 0000D00000QODO0ODO00O00O00O00
00000 Profit SharingD DD OOOOODOODODODODO Profit Sharing O 0O O
Jo0oboooo0oooboboooooobobo0o 1oboboUUuobooOo-1000
oo0ooo

49



041: 00000000000000000000O0O0
|00 |oooo | oooo

[pm|z 0 0+ 3 [m]
T 0 -
0 0 0 £ 0.1[rad]
0 0 -

042 0000000
\ 0ooo HDDDDDDDDDDD oo0ooooooo

o000 3500 60000
QOO 550 -
ProfitSharing 85 300

c) 0000000 00000 QOO0O000000000O0000 Profit
Sharing0 0D O0OO00O0O0OO0O0OOO0OODOO44000000041 00000000
gobogiloooobodnobooobboobbooobbogd4st470n0D0O

gbobobooooobob44b0000bobobobooobobbonoon
gboboboooobobobooooboboboboobobobon4ed
gogddgoogoooobbbbbodabboboobooooouoooooon
gogdodgggoooobbbbbudoooooooooooooooon
gododggoooooobbobbbbbotouoodduoooooooon
OO0D0O00000 Profit SharingOD OO OOD0OOOOOOOODOOODOOOQO
gbob4400000000000O0D0ODODOOODLDODODODOOODO
gogobbbbbbbbbbbbuodooooobbbobbouoooooon
O0D000000000Do0b0OogDO Profit SharingD O OO OOOOODOOO
gbobogbobuogbbooboboooboobbo480bbooobbooobo
gooobbbobobobobobobbbodooooooboobbobboboobobooboon
gogbggbobbbodoooobobboooobobbbouooobobobooa

50



4500

4000
3500
3000
—Q0ooog
2500 —
5 QU O
% — ProfitSharing
2000
1500 -
1000 -
500
O 1 1 I 1 T Il 1 1 1 1
0 1 2 3 4 5 6 7 8 9 19
Episode X 10
U044 00000000000 0O0O0O0O00OO0
1 T T T T T T T
) OW
1 | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000
1 T T T T T T T
-8 OWWW
1 | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000
ol T T T T T T T ]
NNV STV NS Vs TSN
01 | | | | | | | ]
0 500 1000 1500 2000 2500 3000 3500 4000
0.5 T T T T T T T
= of ]
05 | | | | | | |
0 500 1000 1500 2000 2500 3000 3500 4000
10
(I PN VOO
B NN (18 11
_mH W HH\ ‘ ‘ ‘ H\" | \I\u\m“||||M| \hhl H‘I“IIH"l‘\ I Ill\m\hmhmHHMI\IH|||
0 500 1000 1500 2000 2500 3000 3500 4000
Step

O 45: 00000000000 Profit Sharing0 0000

51



10 20 30 40 50 60 70 80 90 lEJO
Step

O 46: 000000000 ODOOQO Profit Sharing 0 OO0 O

52



- |
0'50 100 200 300 400 500 600 700 800
10 T T T T T e

s 0 A

-10= | | | | | | B!
0 100 200 300 400 500 600 700 800
Step

047 Q0O0O0D00O0O0O0OO

93



W< DA DIREEZ 12 21(E]
TERLTVWD T

Z ZTREY

U048 00000

o4



049 TODOODOO

442 TOUOUOOOOOOOOOOO

ggbbbbooooobbobuoooobobobbuoooobbbbooogy

a) 0O0OOO0O O049000000000000TOOOODOOOOOOOOO
000000 (O0o0oTOOODOOOO0)ODODO0O0DODO0DODO0DO0OoOOoOOoOoDOoOOOO
goTooboobobooboobobobooboobooboboooobooboo
gbobobooooobobooobobo TOhooboboboooooboboo

(M +m +mp)i + (ml)2 + my(r + 1))0 +myij + Dy = (4.4)

(ml/2 4+ my(r + 1)) + (ml/2 + my(r + Dy® + )8 + my(r + 1)ij + Db
—g(ml/2 +my(r + 10 —mygy =0 (4.5)
mi + my(r + 10 4 (mg + I,/r2) + Dyl —mgh =0 (4.6)

95



043 TODODOOODOOODOOOOO0OOO0OoOOooobOooon

oooooo O
M 1
m 0.1
my 0.01
r 0.005
[ 0.5
D, 0.0005
Dy 0.000002
D, 0.0005
I 0.00002
I, 0.0000001
At 0.01

0000000000000430000T00000000000000000
0000000000 D.100000000000000000g =,4,6,60,y,9
0D00000000000000000000¢ =0.0001000000000
000000000000 2 = 10,4 = 10,0 = 29,6 = 40,y = 5,4 = 500
0000000000000000000000000 (9=0)0000000
0 A=[-10,—1,-0.1,0,0.1,1,10) 0 0000000000000000000
0000000000000 (Abs(d) > 0.1[rad))00000000000000
(Abs(z) >3m])00000000000000D0O0000O00OOO0O0000O0O

b) 0000000 00000 QO0O00O0O0O0O00O0OO0O0OO0O0O0OO0OO0O0 4.10
oo oooobobobbbbooououuuuoa
O000000O0bOO0bOoobooQUOoOooooOobOoboboooobooonoo
gogdddogoouoooooooooobobooboobooooooooooon
ggobobbooooboobooooon

o6



1000 —Proposed method

——Previous method

—Q- |earn|ng

0 2000 4000 . 6000 8000 10000
Episode

0 4.10: J0Dooobooo

o7



Step

0411 000000 TOODODOOo4OOoooOoDOod

o8

s b
0_;0 100 200 300 400 500 600 700
_0'50 100 200 300 400 500 600 700
0.02 T T T T T T
Om ]
-0.02 I I | | T
0 100 200 300 400 500 600 700
0.05 T T T T T T
0 o ]
-0.05 I I I I I I
10 100 200 300 400 500 600 700
> 0 T T T T T T ]
0_20 100 200 300 400 500 600 700
- O T T T T T ]
—0.5
1 100 200 300 400 500 600 700
© OWN—“WMWWWWWW MMMMWWWWMMME
3 T T
100 200 400 500 700



0.01

-0.01
0.1

-0.1
0.2

-0.2
0.5

-0.5
0.2

-0.2
0.5

-0.5

0.1

-0.1
0

200

200

200

200

1 1 1 1
0 20 40 60 80 100 120 140 160

!
180

200

1 1
20 40 60 80 100 12 140 160

Step

O 412:. QODO0OO0 TOODODODOODODODOO

99

!
180

200



0.05

—_ L
0'050 20

40

60

80

L
100

L
120

L
140

L
160

L
180

200

T —

"0 20

40

60

80

100

120

140

!
160

180

200

0 20

40

60

80

L
100

L
120

L
140

L
160

L
180

200

0 20

40

60

80

L
100

L
120

L
140

L
160

L
180

200

"0 20

40

60

80

!
100

!
120

!
140

!
160

!
180

200

"0 20

40

60

80

L
100

L
120

L
140

L
160

L
180

200

"0 20

0 413: 0000000000 TOooLoObooooooon

40

60

80

|
100
Step

60

L
120

14

160

180

200



= = = =
o = N w

Keeping Time[sec]
©

0 5 10 15 20 25 30 35 40 45 50
Learning Time [hour]

6 L L L

O 4.14: 30 20 Keepaway U D O OO OO OO

4.4.3 Keepaway U OO O OO

a) 0000 Keepaway O robocup 2D 000000000000 0OOO0O0OO
goo0ooobob0ooooooboboooooobobooooooooobo
go0boooboooboboobuooboboobuoobobooobobooooobog
goooooboob choooooobuooooobobooooobooooo
gobodobuoooboobboubbooboobboUl 20mx 20mOd
go0obo0obooooboobobooobooobooooboooboooo
go0booboobobooooboooboobooobooooooobooo
gogooo

b) 0000000 0O0OO0O0100000000000000OO0O0OOO0OOO0
gboogbuoobuoob440b0bobbobbobobobobobboobo
ggbbobbooogobbbuoooobbbboooon

61



4.5 UUO0O0UOOoOOOOOO0
4.5.1 0O0O0OOOOOOO

goodgoggooobobbbobbooooooobbbbobobuoooooon
gogbobobouoooon

1 0bob0o0boob s, 0ob0oThOOO0bOO0OO0OBOODODOODOODO
Uo0od w000 s, 0000 BOOOODOOmOOOOO

2 00000000 B,O00000 vk)(=mxw,)01000000000,0
000000 BOOOOOOO

300000000 BOOOOOOOO Ab(s;,k)0000000O00O0OOO
ggoobobbooooon

gobogbuogbuoob BOoobooboobooboobooboobog
goboobooobooboooooboooboobooooThOODODODOO
ggbbbbw,00000bbbouooobbbooooobbbouoogobo

Wi (8;) — wi(s;) + a(ri(s;) — wi(s;)) (4.7)
N 7r(si, ax) If Ap(si, k) exists
ri(si) = { ming, ea (8, a;) : If Ap(s;) exists (48)

O000a(0<a<1)00000000O000OO00O0O0OOOOODOODOwOO
gogbobobboooobbobooooobobood

4.5.2 0O0O00O0OOO0OOOOOODOOOO

0000000000000 000000000O000O0D0O0O000O0 (O 3.15)
gogbboboogoooboooooboo

a) 0000000 OOOUOOOUOOOOOODOOUOODOOOODOOOO
ProfitSharing 0 0 0 Q-learning0 00000000 OOOQ-learning 0 0000
O00b0o0o00o00O0bO00b0OR=-100000D0O0ODOODOOOR=1
OO0000O0ooOOo0o0ooOobOooboOob0owoobobooooobooooooo

62



4500

—Q-learning
— Profit sharing (Miyazaki’s reward Method)
—Proposed method

4000 -

3500

3000

2500

Step

2000

1500

1000

500

0 1 1 1 1 1 1 1 1 1

Episode x 10 ¢

U415 000000000obooon

gogbobobooodgo4iobobobobobboogobbobuoooobooboad
gogbobobboooobbobbooooobbbboooan

gogbbobooogoboooobobooobbooobboobbboonoon
ProfitSharing O 0 00O OO0 DOODOOOOO0OOOODOOQO Q-learning 0 OO
gogdodggggoooobbbbbddoooooooooooooooon
goon

b) 0000000000000 O0000000000O0OO0OODOOOOOO0OO0
ggbbobooogobobobodgo

e JOUOOOODODODO

o JUOOOUOUOU

gogddoooooooobbbbbtodooooobboboobobbooooad
gdddddgoooooobbbuoddgoooooboboobbooooon
gogbbobuoogoboboboooon
gogbobobbooooobobbuoooobbbbooooubobb4ieogod
goddddooooooobbbbbddoooooboobobouooooon
ggbbooobooobboboooobobbboobbbuooobboooonon

63



4000

3500 7

3000 7

2500

2
L 2000
n

1500

1000 | mﬂ”
il

500 —Qoooooon
‘ —Qooooooo
|

‘JMWHWqu‘w1‘

0 [ | | |
0 2000 4000 6000 8000 10000

Episode

0 4.16: 0000000 DbOoO0DbOo0obOoobooobooon

sMDpOOOOOOOOOOOOODOODODODODOOOOOOOOODODOD
gogbbobuoogobboboooon

O0000000000000000 ¢=10.2,0.1,001)[red) DOOOOOOCODO
gogbobobbooooboboboooo48supoobobooooobobobood
gddddgooooobobobobbodooooooooobbobboboboboobobo
godddooooooobbbbbdddoooobbooooooboobn
gddddgoooooboobobbbbbboobobobobobbobb. booood
gogobboboboboboboboobbbbdddooooobobboooooooon
gogbbobuooooboboboooon

4.6 U0OOO

gdodogooooobbbobboboddoooooboboobobboooooon
gogodoooooooboobooobobbbbbbodoooooooooobbobo
gogbbobbooooobobooodobooooobooboboooooobooo

00000000 DO0O0O0O0O0ODOOOODOOO pojoooooDOooooooo
gogbbobbooogobobbooooboboboooooboboooooobooo

64



0417 0000 (0DO0O0O0O0)0OOOOoOOOO

2000

1500 |

Wwwwm Il i 0
e

500

—@ =0.2[rad]
— ¢ =0.1]rad]
— ¢ =0.01[rad]
0 ! ! ! ! [
0 2 4 6 8 10
Enisode ean?

U418 0dbooboogoobobooooobobod

65



st Ui

5.1 UOOUODOOOO

gbbuogbbugbgboogbooobbobobogboobbooobo
goodgoooobobobbbobbbuodooooobboboogbooago
ggbbobooogbobobbuoooon
gogodgbobboboobbbbbbooooooobbbboobbbbbbo
godododggggoooooboobbbbbbbooboooouooooooon
RoboCupOD O UODOOODOOOOOOOODOOODOOODOOOOODOOODOODO
goobobbbbbobobobobobbbbbbbbbbbbbobbouooooad
godgdggggobboobboobbbbbbbooaobbooobobbbbbbo
ggbboboooobbbooogbbbobooodobbbbuoooon
gogbbbbbbbbiooouooooooooooooobobbobbobo
godgogooogoooobbbobbbboboobobbbbbbbbuoooooon
goododggououuuouoooooooooobbooboobbbbd
goodooogoooobbbbbuouooooobboboobobbuoooogog
gogbbbbbbobbbboboouogooooouggoooooooobn
godddgogoooobooooboobbobbbbbbbbuoooooon
goobbbbbbbbbboobbbuodooooobboobbbuoooooon
ggbbobooobbbbouoooobbbooogobon
gogbbobuooogbooboooooboo
g2tdddddddoooooooooooobobobobbooooog
godddddgoooooooooooooobbobbbbuooooooo
goddogooooobboobbobbbbbbbbobbbbbbbobboo
godddddgoooooooooooooobbobbbbuooooooo
gogdgbooobobbbbbbbbbbddooooobooooooobbbn
gdddudooooooooooooooboobooboboobbobboboboboad

66



O0D0O0D0OO000ooboboOoboOoOgn Profit SharingD OO O OOOOODOOODO
ggbbobuooogbbbooooobbobuoooon

g3fdboooobbbogooboboboooobbobooobobboooonon
gbobobooooobobobuobooobobobooThooooob oo
gdodddooooooobbbbbbdoooooobboobbbuoooad
goddddooooooobbbbbddooooobooboboooooon
goodoogooboboboboboobobbuodooooobbobbbooooooon
gogodoooogbboobbbbbbbobbobooooogooooooobbbod
gddddogoooobobbbbodooooooooobobobbobobobobobn
godddgoooooobbbbbtdddoddoddooooooooo
gddddgooooobobobobobbooooooobooboobbobboboboboobobn
godddooobbooooobobobooobooobobbbbobbboooooooon
gogbobobooooooboogo

g400pbgoboobobbooboobuoobuoobobobooboobooon
gddddoooooobobobbboddooooooobooobbboobobooboobobo
gdddddoooooobbbbbddoooooboobooboooooon
godddooooooobbbbbdddodoobboooooooobn
gododdgoooooobbbobbobobobooobbbbbbbboooooon
gododgoooooobobbobbbodoooobbobobobbbooougad
gddddgooooooobobbbbbbbobobobobbbooooooooon
goobobboboboboboboboobobobbuoddoooobbooboboboooooon
000000000000 0DO00D000D00OProfit SharingDOOOOOODODO
godddddoooooobbbbbtiddodoobooooooooobn
O000000000D00ORoboCupO 000000 ODOODOODODOODOODO
U000 Keepaway U D OO OO OOOOOODOOOODOODOODOODOODODOO
gogoggggobbbbbbbbbooboobbbbbooooooooon
ggbobobbouooogoooo

5.2 UDOOOO

gddddgoooooboobobbbotbdooooobbobbooooadad
gogbobobbogoobuooobobboooboooobbuooobbooonoon

67



glgtodooooodoooooooobbobobobbbooooooooon
O0OORoboCup0 O ODOOOOOOODOOOOOOOOOOOODOODODOD
gdoddggobobobbbbiloooddoooooooooboboboobooboboon
gdddddooooooobobobobobobbbobboboboboobobbbbbbon
goddddoooooobbbbbddgououooduuoooouuooooon
ggobobboooobbobooooobbobood

68



00OA 000001

O000000000000O0O0000000D0oooooOO (DO)ooooo
000000000000 (1000000000000 oo0oooooooon

Al OO

O00DbO0O000Db0OD0 A1ID0D0OO0OD 2,y,z030000000000000
gboboboobobobooooobobob e bbb obgnoyd
0:,00000000000000000(0O0O0O0)00A1I0000O000O0O

°° a b a b a b

0O A1 O000CO0 0O A2 00000

000 Za, Y, 25 Ta, Yo, Ta, y, 00000000000 (0 A2)00000000O0
00000000000 00000000000000000000200000
000000 %, Ya, 2, Ta, s 0 70,4, 000 00000000000000O00O0C
Profit Sharing[30] 000000000 [51]0000000000000000
000000000000000000000000000000 Q00000
00000000000 0000000000000000000000000
00000000000 MDPOOOOCOOOOOOOOOOOOOOODOOO
00 00000000+00000000000000000!/000000

69



(r...r;...7oer) 000000000000 w, =w, + 000000000
0ooooooooo

00000000000 000000000000000000000000
000000000000 00000000000000A.1000000000
000 %, Y, 25, Ta,y 0000000 ya, 2,2, 000000000000000
0000000000000000000000000000000000000
0000000000000 00000000000000000000000
0000000000000 00000000000000000000000
oooooQ

A2 OUO0OO0OOOOOOO

gogbbobuooogobobooobbooobboooobboboooonooon
gdddddoooooobbbbbodooooobooboobouooooon
gdoooooooooooobobobobbbbbbbobbbobooooooadad
000000000 A0 BOODOODAODODOODODODODODOODOOO
000000 BOOODOODODOUODOUAD BOODOODOODODODODOOD
goobobbobobobobobooboobobobbbbbbbbbobbooooooon
ggbboboooobbboooobbbooooobbboo

OO0 1(00000o0O0).0000000000D0ooooooooooOoo

001 @C01000). 0000000000000 O000OOO00OODOO0O0
gobbodoooobbbooodobobbboooobobboooobbooooon

gbooobuooboob L=100b0boobobobooboboboboboobg
godddogooooobbobbboooboobooobooooooooooon
gogodgoooooboobbbbbbobooboobbbbbbbbbuoooouoga
godddgoooooobbobbbobobobooobbbbbbbboooooon
goooo

1o0obbob1o0d
gogbob1l1oodooobbobooooon

20000002000
gobblgoobobbooooobobobobo20bbbooooooooon

70



alb=lc-1)

O~-®

0O A3 000CO1000

o0b0o00O0oU0ooO0obOO0bOOo0ob0oooO0o0bObD AoOoboDooogoBO
o0b0o0obO0oU0ooboOobOooboobob010b0 Ao BODOODOO
ggbobobboooooboboooobbobooogobobooo

o(b-2c=2)

0 A4: 000002, O A5 00000 2, O A6:O00D00ODO 2,
g1l gb 200000 g 2

J0b0uug3gon
000010000 ()booooooo 20000 (200oDooooo
ggbbobooodgbbbbooooobooog3sgbbbooonobn 2
gbbogbbuobbliggbbuogobbuoobbuoobboobboo
gogbbobogg20bboboooaoboo

gogbbobbbododgobO00ooobobbboooobbboooooobobn
gogodooobbobboooooodoooooobbobobbouooooad
gobobobboogoobobobuoooobobobboooon
U

gboobooboobuo L=100b0ob0boobuoobooboobon

71



O A7 00000 3, O A8 OO0OD00ODO 3, O A9 00OD00ODO 3,
g1l g 2 g 3

gboogoooboobobboboobuobobbooboobooboooboad
ggbboboogoobobboooobobobooooobobboooooboo

00 2 (0000000000000 O).0D0DO0000DOOO0U0O0oDoOoOOOO
ooogoon
w
LY fi<fin[Vi=1,2,... W] (A1)
j=i
oooowotooooooooooLooooooooooooooboooo
ooooooon

gb 2. 0000000000000 L=1000000b000b0bbob0O0
ggooboogooobooo
gbobooowobooooobuobuobooooobobobouooboob g
oo NODOOobooobooboooboooboboobuoobuouoboobooo
000000000oooO0o0o0ooo00 W-N)OOoooooooooooo
godddddooooooooobbbbbbbbobobbbooooooon
gogbobobooooobbooooobbobooogooo

w
Y fi<fvVN=01,... W-1] (A.2)

j=N+1

72



00 1(00000000).000000000000000000000
w
LY fj<fi,Vi=1,2,..., W] (A.3)
J=1

goboowbhooboobuoobuoLoobuoobuoobuoobuoobooo
O000000000(A3) 0000000000000 oooQ

A21 0O00OOO

gdodogooooobbbobboboddoooooboboobobboooooon
gbodgboobooboboobuooboobobooboobuooboobon
googbooobooboobuoobuooboboboobuobob L=1000b00
gobogbuoobuogboobuoobuoobuooobooboo Lboobon
ooooooooobobobooooooobobobobobo «obogo -rroo
goobooo

000 ProfitSharing[30| 000 0000000000000 OOOOOOOO
goddgoooooboobbbbbbbbbobobbbbbbbbbbbobo
gogbobobooogbbobouoooobboo

1
fo=glun=12,...W -1 (A.4)

oooosS>L+10000
gooosSbobooobooobooboooboobobooobobooobooong
goon

w L W—-1
Lij = 3 '2_1 fi
L L L
= §fi1+§;fj—§fw (A.5)
goond
W L
LY fj = i fu)
j=i
< ficr = fu (A.6)
< fia

73



0 0OB 0O0000D0O0O0O0O0CO
0000000 [36]

gdodogooooobbbobboboddoooooboboobobboooooon
gogbbboooobbobooooobooob s;gugobobobooooobood
gobobobboooooboobbbboooooboobooa JDDDD wg(s;) O
gboboboooboooobobobuoobobobobDoobobobnoO Ba
gbobogboboobooobboooboboo QDDDDpDDDDDDDDDD
gdodgooooobobboo s_lj)'DDDD qgLUOOO0o0ooooooaogd
0000000000000 Dw(s1), wi(s;)0000000000O00O00OOO
HEN

ri(s1) = PBPXR (B.1)
ri(s1) = BYxR (B.2)

0000000 p<¢0000000s;000000000000000000
D000000000000000000000 w(s;)>w;(s;)00000000
()5 000000000 (s 00000000000000000 w(s1) >
w;(s;)00000000000000000000000000 wk(sy,t)000
000000 w(sy,t+1)0000000000

() sy00000000

51000000000 (22),(23)000

wi(sy,t+1) = (1 —a)wi(s,t)+ ari(s)

—
o~
w

SN~—

wj(sl,t + ].) = (1 — oz)wj(sl, t) (B4)

D00000w(sy,t+1)>w(s,t+1)000000000

wi(sl,t) — wj(sl,t) > —Ozﬁp
R 11—«

(B.5)

74



F—— @
(

U Bl.0000000000O0DO 200000000

0000000000 0000000000000 000 w(s,t)=00:00
0000000 wi(sy,t)=p7xRO;0000000000000000

q —ap
g > 8 (B.6)
q—p @
6] < T4 (B.7)

obob0dbdo<g<l1goprPOpboboboopobobobbooboOg

«

< B.8
B o< (B.8)
ogoooon
_>
(ii)) syy0ooooooo
—
s y000000000(2.2),(23)000
wi(sl,t+1) = (1—oz)wl-(31,t) (Bg)
wi(s,t+1) = (1—a)w;(sy,t)+ar;(s) (B.10)
O00000w(s1,t+1)>w,(s;,t+1)000000000
wi(sl, t) — wj(sl, t) O[Bq (Bll)
R 11—«
0000000000 AwDOODOOO(B.11)OO
af?
Aw > B.12
w> (B.12)

75



00000000000 Aw <0000 wi(sy,t) <w;(sy,t)00000w(s,t+
1) > w;(s,t+1)00000000000aB <a0000O

«
Aw >

(B.13)

-«
00000000 - 00000 Aw-00000000000(22)000 a0
gbodbidle=0,00000000000000000O00O000O0DOODO
O00b0oo0obOo0ooooboooob0o0odoDbe0booobooooobg
go0booobooooobooooooboboobbooooboooboooo
O0ooobooobooog

76



[0 O0C Keepaway

C.1 Keepaway U [ [

00000DO0000O0D000bOO0DO0DODOO0D0o0obOOoDOOoOooboOooDOoog
O00O0O0O00O0 keeper 0O ODODODODO taker 00O 0OO Keepaway U 0O OO O
taker 000000000000 DODOOODOOODOODODOODOOODOOOOOO
000000000 (keeper 000000000 ODODOODO)O

000000000000 0000000 keeper0000taker000000O0O0
0 C.10 300 keeper 0 200 taker(3v2) 0 20 x 20mO0 00000000 4v3 O
Ix300000oooooooon

000000000000 DOO0DO0DO0DO0DO0DO0000DOO0ODOO0ODOn
00000oooboooboooog 1sms0000b0oobooboobooonog
0000000000000 000DO0DOO0DO0ODOO0ODbOO0ODOOoDOODODO0
0000dooobooobogo icoms0000oob0oobooooobooooon
0000000000000 00000D00DO0OO000O0O00DOO0DO00O0OOd
0000000000 000DO00oo0ooODO0obOoO0oOoO0oooooooooDoog
O00D00000DO000000000DO0000DbO0ODOO0bOOoDOOoDO0Dd
0000000000000 0DO0000O0D00O000000bOOoDOODO0n
0000000000000 000000000D00DO0O0O0ooDOooDOooDOooOOog
0000000000000 0DO0DO0000DOO0DO0ooD0ooDOooDOooOOooDOon

Keepaway U0 00D O0O0O0OO0ODOOOODOO0OOODOOOOODOODOOOO
00000000 DO0D0O00O00O00O00000000DO00DbOOoDOOo0ooDOOoon
000000000000 000000000000D000D0000 ™ takerO O
00000000000 DO000003000000Db000n keeper00Ogd
0000000000000 DO0DO00DbOO0DO0ODO0O0DOO0O0OO0ODOOoD0O0On
keeper UO O OOOOOOOODOOODOOOCIO0O0OO

Keepaway 0000000000000 OODOODOODOOOOOOODOOOODO

77



O Cl10O00oooonon

gbbgoobobooobbogoobooobobbobobooobbooon
gbobobgbbgooobobooobbobobobobooobobobooan
gbbgooboboobogobboooboooboobooooboobooon
gbbodobobuooobboobbuooobuoooooboobboooboboo
gbobgobobooobbuoooboobooobbuooobooobooon
O00000OD0Keepaway DO 000000000000 OOOOOCDODOODOO
gbbgoobobooobbuooboobobbooboobobooobbooon
gbgdgbgoboobgon

C.2 00000 Keepaway 0O 0O [

U000 Keepaway D0 00000000000 OO0ODOOOOODOODOOOOO
gboogbuooboobooboobooboobooboobgte=0,1,2...,
gbogdbiloomstddbogubougdgougoggooboobooboobod
gbbgoobobooobbooboooobbuoooobobooobbooon
gbogbudoboobooboobuoobuooboobooboobod

gbbodobobuooobboobboobuooobuoooboobbooon
O0O0DO0O0000 CMUnited-99 teem 0000000000000 OCO0ODOO
gbogbouobogbooboboobbobbobbob

o HoldBall()

78



e PassBall()
e GetOpen()
e GotoBall()

e BlockPass()

PassBall)DOOOO0OOO0OOOOOOO0OOOOQOOODOOOOOOODOO
O00D0000000000000000DO0000000000 PassBall()O0O0O
gogdggogoooobbbbbbouooooobbbbbouooooon
gododgoooooboobbbbbbobooououoooobooooooad
gdodgoooooobobobbbuooooobbbbboodooodooa
gogbboboogoobobbooooobbo2b000obbboooobboobod
O00000o0o0obO0obOobooSsMbPOOODOODOODODOOOOOSMDP
OSMDPOOOODOODOOODOOODOOODOOODOODOOOSMDPOOODOO
gogbbobuooooboboboooooboboooooobooo

gddddddoododdoooooooooobobbobobooouooon
0000 Keepaway OO0 SMDPODOODOODOODODOODOOOOOOOODOO
godddgoooooobobobobobobbbbbooobooooooooooad
gbobogbobuoobboobboobuooboooboboobbioonooboo
OegeA0D0O0OOOODODOODODOOODODOOOO o;0a,000000O0
O0000i00000Db0O0b00 s;,€eS0000r,€e ROOOOkeeperd oo
gogbbobboooobobobbooouobooobobbbooooboboboa

C.2.1 Keepers

O000Okeeper U0 O0O00O0O0O0OOOOODOODODO
keeper OO ODO0OO0OO0OO00O0O0O0OO0O0OD0O0OD0O0Dkeeper0 000000
Ub0oobuoobdd ReceiveDOOODOOOOOO

e Receive

ooooobobooooooooobobboooooooooooobobOooooooo
O00000000000000000O0 {HoldBall, PassKy; ThenRecive, Pass K3 ThenRecive,
..., PassK,, ThenRecive} 0 0 0000 OHoldBallO OO 10000 00O O OPasskThenRecive

79



OU00O0DD0O0O0OO keeper00000OOOkeeper 00 OO0 0O0O0OOODOOOOOO
gogboobogg
gogbbobuooooboboboooooboboon

e Random n O ODO0OOODOODOODOOOO
e Hold: OO HoldBallOUO DO OO

e Hand-coded: nU DO O0OOOODOOOOODOOODOOOOODOOOODOO
gogboboooooboo

gogobbbobobilioboboboboboobobobobbbbobobbboobobobbbbbobo
gogdddgooooobobbobbbddooooooobooobobbboboboobobobo
gogodooooobobobobooobobbbddgoooooboboobbooooon
goododoboobobboododdoodudoooooobobobbuooooooo
goboobooogn

O000000b00buouobuobUUbDkeeperdd0oonooobooon
OO000o0oooooosMbpOOOOOODOODOODOOOODDOOODOODODO
000 keeper 000 00000O0000OODO keeper(K; — K,,) O taker(T}, — T,,)0
0000000 (C)ODDOOO keeper000O0O0OOOOODO (O C2)0ae,b0000O
O dist(a, )00 000000 a,c0000 ang(a,b,c) 000000 1300000
goooo

o dist(K, C);dist( Ky, C);dist( K3, C);

e dist(77, C);dist(Ty, C);dist (K4, Ks);

o dist(K,, Ky):dist(K, T)):dist (K, Tb);
o Min(dist(Ky, T1), dist(Ks, T3));

o Min(dist(Ks, Ty), dist(Ks, T3));

e Min(ang(Ks, K1, T}), ang(Ks, K1, T5));
o Min(ang(Ks, K1, 1)), ang(Ks, K1, T5));

O00000keeper O taker 00O OO0OOODOODOOOOOOOOODODO

80



O cC20000000o0oogoo

C.2.2 Taker

0000000000000 taker OODODOO0ODO keeper D00 O0OOQOOO
0000000000 b0oob0oobooboO taker 00D O0OO0DOOOO

taker OO0 00000000 O0ODOODODOODOODOODOODOODOODODOtaker
0000000000000 HoldBall()DOOOODODOODOODODOOODOOOO
0000000000000 {GoToBall(), BlockPass(K3),. .., BlockPass(K,)} O
O000000000O0keeper 0000000000000 (DOODDOOODO)
OK,000000D000O0Dkeeper 000000 DO0OOOODOOODOOO
0000000 taker D00 OO0O0O0OOO0OOO300000O00OO0OO

e Random-T: n0 O OO0OO0O0OOOOOOOOOOODO

e All-to-ball: 00O GoToBall()U O DOOO

81



e Hand-coded-T: 00000000 DOOOOO 200 taker O GoToBall() O O
O0D0OO000o0ODO0O0ODO00n takerDO00OOO0OO £00ODO keeper 0O
00 BlockPass(k) DO OO0

O000Otaker0 20000000000 0O All-to-ball0 O O Hand-Coded-T 00 O
0000000O0bO0DbOOo00n

taker 000000 keeper 000000000000 OOO0OOODOODOODOO
taker 000000000 AmdODOODODOOOOODOOOODOODOO:0O0
000000000000 00Db00300 keeperd 300 taker DO DO ODOODO
o000 1 sogoooo

o dist(K;, C);dist( Ky, C);dist( K3, C);

o dist(77, C);dist(Ty, O);dist(T3, C);

o dist(K, Ky);dist( Ky, K3);dist(Ky,T1);

o dist(Ky, T5);dist( Ky, T3);dist(T7, Komid); dist(T}, Ksmid);
e Min(dist(Kymid, Ty), dist(Kymid, T3));

e Min(dist(Kzmid, Ty), dist(K3mid, T3));

e Min(ang(Ks, K1,T5), ang(Ks, K1,T3));

e Min(ang(K3, K1, T5), ang( K3, K1, T3));

e IO UO0ODOUODLOOODN keeper OO
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