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Initialize (Q(s,a) arbitrarily
Repeat (for each episode):
Initialize s
Repeat (for each step of episode):
Choose a from s using policy derived from @ (e.g., e-greedy)
Take action a, observe r, s’
Q(s,a) « Q(s,a) + a|r + ymaxy Q(s',a’) — Q(s,a)]
s +— 8

until s is terminal
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S1

Al

S2,R2

- Choose Al using policy derived from Q (e.g., e-greedy)

-t
~
| N
' \\ ----------------- Observe S2, R2
| .
T e g Al
i | Updatlng :
| | Qr+1(S1.A)) = Qr(S1. Ay) + alRa + ymax,Q1.(S2, a2) QL.[}S]._rh}i
: Note : We choose the optimal Q value, s.t{mazQ(Ss. a2)|az € A5}, to
| update without any e-policy. And so far we haven't known which the
i; next action is actually chose to interact with environment until
_____ e g g S
: \ Repeat2:
b 4 . . .
\ - Choose A2 using policy derived from Q (e.g., e-greedy)

S3,R3

A3

- QObserve S3, R3

Note : Again choose the optimal Q value, s.t {mazQ(Ss, as)|as € As}
to update without any e-policy.
" Updating : |

: Qr1(Sa, Ag) = Qr(Sa, As) + a[R3 + ymax,Qr(Ss, az) — Qr( Sz, As)] |
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¢ fg State - #2 £ Action - g2B>Reward - 7% & - # iF

Initialize (s, a) arbitrarily
Repeat (for each episode):
Initialize s
Choose a from s using policy derived from @ (e.g.. e-greedy)
Repeat (for each step of episode):
Take action a, observe r, s’
Choose a’ from s’ using policy derived from Q (e.g.. e-greedy)
Q(s.a) — Q(s,a) + a [r' +~vQ(s',a") — Q(-‘.’i.ﬂ.)]
s+— & a—ad;
until s is terminal
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S1 —-Initialize S1

Al

S2,R2

A2

S3,R3 : ----------------- Observe S3, R3
A3 | Tr— Choose A3 using policy derived from Q (e.g., e-greedy)
\
\J- Updating : !

QL [(S2, As) = Qi(Sa, A2) + a[Rs + 7Qi(S3, Az) — Qi(Sa, Ay)]!
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Learning rate=0.1
Gamma=0.9
g-greedy=0.9

Oftpolcy

On-policy

gy ¥
ﬁ@@«ﬁ\ i)
FHE

Initialize Q(s,a) arbitrarily
Repeat (for each episode):
Initialize s
Repeat (for each step of episode):
Choose a from s using policy derived from Q (e.g., e-greedy)

Take action a, observe r, 3
Q(s,a) — Q(s,a) + a[r ' (s',a') = Q(s,a)]

s +—4&;
until s is terminal

Initialize (s, a) arbitrarily
Repeat (for each episode):
Initialize &
Choose a from s using policy derived from @ (e.g., e-greedy)
Repeat (for each step of episode):
Take action a, observe r, &
Choose a' from &' using policy derived from @ (e.g., e-greedy)
Qs,0) =RUsa) +alr +1Q(s, ') — Q(s,0)]
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1. 2 * TKINTER(B]Z/ 425 K3 141w )ik
import numpy as np
import time
import sys
1f sys.version info.major == 2:
import Tkinter as tk
else:
import tkinter as tk
2. KTI &L H
UNIT = 4@
MAZE H = 5
MAZE W = 5

12
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2.7 FE—env

3. WAAKEC H R B L 2 ])

class Maze(tk.Tk, object):
def __init_ (self):

super(Maze, self). init ()
self.action space = ['u’, "d", "1°, "r']
self.n_actions = len(self.action space)
self.title( 'maze’)
self.geometry( ' {0}x{1}" .format(MAZE H * UNIT, MAZE H * UNIT))
self. build maze()

13
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2.7 FE—env

¥ #_v J aF ¥ (maze)

def _build maze(self):
self.canvas = tk.Canvas(self, bg="white’,

for

for

height=MAZE H * UNIT,
width=MAZE W * UNIT)

¢ in range(®, MAZE W * UNIT, UNIT):
x0, yo, x1, yl = ¢, @, ¢, MAZE H * UNIT
self.canvas.create line(xe, ye, x1, y1)
r in range(®, MAZE H * UNIT, UNIT):
X8, yo, x1, yl = @, r, MAZE W * UNIT, r
self.canvas.create line(x@, yo, x1, yl)

origin = np.array([2@e, 20])
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2 A e P K J_
5. WEIF & F ()~ ¥ (K) ~ FHE(2)*3
hell2 center = origin + np.array([UNIT * 2, UNIT * 1])
self.hell2 = self.canvas.create rectangle(
hell2 center[@] - 15, hell2 center[1] - 15,
hell2 center[@] + 15, hell2 center[1] + 15,
fill="black")

hell3 center = origin + np.array([UNIT * 1, UNIT * 3])
self.hell3 = self.canvas.create rectangle(

hell3 center[@] - 15, hell3 center[1] - 15,

hell3 center[@] + 15, hell3 center[1] + 15,

fill="black") oval center = origin +4np.array([UNIT * 2, UNIT * 3])
self.oval = self.canvas.create oval(
hella center = origin + np.array([UNIT * 4, UNIT * 2]) oval center[@] - 15, oval center[1] - 15,
self.helld = self.canvas.create_rectangle( oval center[@] + 15, oval center[1] + 15,
hella center[@] - 15, hella center[1] - 15, fill="yellow")

hella center[@] + 15, hella center[1] + 15,
fill="black")
self.rect = self.canvas.create rectangle(
origin[@] - 15, origin[1] - 15,
origin[@] + 15, origin[1] + 15,
fill="red")

self.canvas.pack()

15
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2.7 FE—env

def Peset(seifj.

self.update()

time.sleep(8.5)

self.canvas.delete(self.rect)

origin = np.array([20, 20])

self.rect = self.canvas.create rectangle(
origin[@] - 15, origin[1] - 15,
origin[@] + 15, origin[1] + 15,
fill="red")

# return observation

return self.canvas.coords(self.rect)
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# 2 BT HEFRE) (12T EE BHASEY
def step(seif, actlon)

s = self.canvas.coords(self.rect)
base action = np.array([e, @])

if action == 0: # up
if s[1] » UNIT:
base_action[1] -= UNIT
elif action == 1: # down
if s[1] < (MAZE_H - 1) * UNIT:
base action[1] += UNIT
elif action == 2: # right
if s[@] < (MAZE W - 1) * UNIT:
base action[®] += UNIT

elif action == 3: # left
if s[®] > UNIT:
base action[®] -= UNIT

self.canvas.move(self.rect, base action[@], base action[1]) # move agent
#H/72 | -fiistate
s = self.canvas.coords(self.rect)

17
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8. A4

# reward functionZIgfEEdy

if s == self.canvas.coords(self.oval):
reward = 3
done = True
s = 'terminal’

#elif s 1in [self.canvas.coords(self.helll), self.canvas.coords(self.hell2)]:

elif s == self.canvas.coords(self.hell2):
reward = -1
done = True
s = 'terminal’

elif s in [self.canvas.coords(self.hell3), self.canvas.coords(self.helld)]:
reward = -1 # EfzifEdR2 - 48 E -1
done = True
s = 'terminal’ # AR
else:
reward = @
done = False

return s_, reward, done

18
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€ RL brain
% QLearningTable 2 %~ 4~ &

=

import numpy as np
import pandas as pd

class QLearningTable:
def init  (self, actions, learning rate=0.01, reward decay=0.29, e _greedy=0.9):
self.actions = actions # a list
self.1r = learning_rate #:7L0#
self.gamma = reward_decay #2
self.epsilon = e _greedy #
self.q_table = pd.DataFrame(columns=self.actions, dtype=np.floated) #0 7

]

2. é"a‘% action o L % iz cistated_F © 573 &0 1% e-greedy
FEY > LiEHQ-valuef+ F -

# ffE observation §#EHE action

.A«

def choose_action(self, observation}:
self.check_state exlst(obsebvatlon) # o
i+ /7] Epsilon Greedy i7iF

& q_table fO7FEE

# action selection #7773
if np.random.uniform() < seLf epsilon:
# choose best action
state_action = self.q_table.loc[observation, :] #iF£QTABLE// #
# some actions may have the same value, randomly choaose on in these actmons
action = np.random.choice(state_action[state_action == np.max(state_action)].index)
else:
# choose random action
action = np.random.choice(self.actions)

return action
19
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#2 75 75 —Q-learning

€ RL brain

3. Lrgpiustatek g 0 T - R0 0 FE R dlaction o
{ #rQ-table

A
def learn(self, s, a, r, s_):
self.check state_exist(s_)
q_predict = self.q_table.loc[s, a]
if 5_ 1= "terminal’:
q_target = r + self.gamma * self.q_table.loc[s_, :].max() # next state is not terminal

else:
q_target = r # next state is terminal
self.q_table.loc[s, a] += self.lr * (g_target - q_predict) # update

4. & P wstate® F © £Q-table? - F & PG 4

def check state exist(self, state):
if state not in self.g_table.index:
# append new state to g table
self.q_table = self.q_table.append(
pd.Series(

[B]*1en(self.actions),
index=self.q_table.columns,
name=state,

20
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#2 75 75 —Q-learning

€ Run import matplotlib.pyplot as plt

from maze_env? import Maze

from RL_brain2 import QLearningTable

{LATHIR > B w &% € &7 iQ-Table% ¥ #k

def update():
reward = @
reward_list_1 = []
step_list = []

episode in range(30):
# initial observation
step_count = @
observation = env.reset()
#step count = 8 # SFEFEMESTER
while True:
# fresh env
env.render()

# RL choose action based on observation RL FiE#iTffobservationfE#E gction
action = RL.choose_action(str(observation))

# RL take action and get next observation and reward

#EEREEEE T ERE oction, WSS T —Bobservation , reward F done (EFEESNTEXEIIIERD

observation_, reward, done = env.step(action)
#step count = 1 # IEHTEE

# RL Learn from this transition
RL.learn(str(observation), action, reward, str{observation_))

# swap observation §Fs5ABEENTF—Bobservation
observation = observation_
reward list 1.append(reward)
step_count +=1
reward +=0
# break while Loop when end of this episode
print(RL.g_table)
print('game over - #HEEY : {}\n'.format(step_count))
if done:

step_list.append(step_count)

break

print(step list)

plt.
plt.
.xlabel{ " episode " )

.ylabel( ° reward sum per episode * )

plt
plt

plt.
plt.
env.

plot{reward list 1, label = " Q-learning " )
legend(loc = B8)

xticks([])
title( " sarsa " )
destroy()

Z1
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1. 2ar B35 2% A doid

import numpy as np
import pandas as pd

class RL({object):
def init  (self, action_space, learning rate=0.01, reward decay=0.9, e greedy=0.9):
self.actions = action_space # a List
self.1r = learning_rate
self.gamma = reward decay
self.epsilon = e_greedy

self.q _table = pd.DataFrame(columns=self.actions, dtype=np.floattd)

2. ¥ 4 P wstate¥_F ¢ A Q-table® > & EJ,T by o

def check state exist(self, state):
if state not in self.q_table.index:
# append new state to g table
self.q_table = self.q table.append(
pd.Series(

[@]*1len(self.actions),
index=self.q table.columns,
name=state,
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€ RL brain

3. :iE Faction

def choose action(self, observation):
self.check_state_exist(observation)
# action selection
if np.random.rand() < self.epsilon:
# choose best action
state _action = self.q_table.loc[observation, :]
# some actions may have the same value, randomly choose on in these actions

action = np.random.choice(state_action[state_action == np.max(state_action)].index)
else:

# choose random action
action = np.random.choice(self.actions)
return action

def learn(self, *args):
pass

23
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€ RL brain
4, 2k ¥ SarsaTable » H ¢ & def learn?s = ¥ 14 'FT D gl Sk B p 4L
T B éﬂstate(s_) . actlon(a_) P E A (R E Y S 4
{ #7Q-table o sz 7" E A fA > Z L B 2 Jo

# on-policy
class SarsaTable(RL):

def _init_ (self, actions, learning_rate=0.01, reward decay=0.9, e_greedy=0.9):
super(SarsaTable, self). init_ (actions, learning_rate, reward decay, e_greedy)

def learn(self, s, a, r, s_, a_):
self.check state exist(s_ )
g_predict = self.q _table.loc[s, a]

if s = "terminal’:

g target = r + self.gamma * self.q table.loc[s , a ] # next state is not terminal
else:

q target = r # next state is terminal
self.q_table.loc[s, a] += self.lr * (q_target - q_predict) # (&5 070 55 Figes

print(self.q_table)

24
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import matplotlib.pyplot as plt

€ Run

from maze_env_sarsa import Maze
from RL_brain_sarsa import SarsaTable

-
i fﬁﬁ'ﬁ}g ’FF'J # learning the Q-value==> Sarsa

RL.learn(str{observation), action, reward, str(observation_}, action_)}

def update(): # swap observation and action

Pewan:@. observation = observation_
reward_list 1 = [] action = action
step_list = []

reward_list 1.append(reward)

for episode in range(30): step._count +=1

# initial observation

step_count = @ reward +=0
observation = env.reset() # break while Loop.when end of thls episode
# RL choose action based on observation print(’game over » ZUE ¢ {}\n'.format(step_count))
action = RL.choose_action(str(observation)) #temp = format(step_count)
if done:
while True: step_list.append(step_count)
# fresh env break

env.render()

print(step_list)
# RL take action and get next observation and reward
observation_, reward, done = env.step(action)

plt.plot(reward list 1, label = " sarsa ")
%, plt.legend(loc = @) #'best? FF7

actlon = RL.choose_action(str(observation_})) plt.xlabel( ' EpiSOdE ' )

plt.ylabel( ' reward sum per episode ' )
plt.xticks([])

plt.title( " sarsa " )

env.destroy()

# RL choose action based on next observation

25
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Q-Learning

[17, 6, 3, 9, 34]

Sarsa
00{ — mll
% 0.2 1
@ 1 2 3 &
[5.0, 5.0, 35.8, 35.0] 0.00 ©0.00 0.00 0.0 . 041
[45.0, 5.8, 75.0, 35.0] .66 0.00 0.00 6.0 - —  Q-leamning
[45.0, 45.0, 75.0, 75.0] 0.00 0.00 -0.01 0.0 3 —06-
[5.0, 45.0, 35.0, 75.0] .00 0.0 0.00 0.0
[5.0, 85.0, 35.0, 115.0] 0.00 0.00 0.00 0.8 i g/
[5.0, 125.0, 35.0, 155.0] ©.08 ©0.00 0.0 0.0
[45.0, 85.8, 75.0, 115.0] ©.00 -0.01 0.00 0.0 o
[85.0, 85.0, 115.0, 115.0] -0.01 ©0.00 0.0 0.0 ' _
terminal 0.00 0.00 0.00 ©.0 episode
[85.0, 5.0, 115.0, 35.0] 0.00 -0.01 0.00 0.0
[125.0, 5.0, 155.0, 35.0] ©.06 0.00 0.0 0.0
[165.0, 5.0, 195.0, 35.0] ©.00 ©0.00 0.00 0.0
[125.0, 45.8, 155.0, 75.0] ©.08 ©0.00 0.0 0.0
[125.0, 85.0, 155.0, 115.0] ©.08 0.00 -0.01 0.0

game over » S8 @ 34

26



i e ; INNOVATION
=F AN ENGINEERING
Natianal Teing Huoa Universily LAB

Q-Learning

¢ 30=%

% 1 2 3

[5.0, 5.8, 35.0, 35.0] 0.000000e+00 0.000000 0.000001 0.000000+00 =arsa
[45.8, 5.8, 75.8, 35.0] 0.000000e+00 ©0.000048 ©.000000 0.PPVARe+00 30 { — Q-leamning

[5.9, 45.0, 35.0, 75.0] 0.0000002+00 ©.000000 ©.000000 0.0RE0A0e+00

[45.0, 45.8, 75.0, 75.0] 1.291337e-07 0.001126 -0.039484 0.000000+00 251

terminal 0.000000e+00 0.000000 0.000000 0.000000e+00 & 5 |

[5.0, 85.@, 35.0, 115.0] 0.0000002+00 0.000000 ©.000128 0.000000e+00 &

[45.0, 85.8, 75.0, 115.0] 0.000000e+00 -0.029701 ©.026000 2.187000e-08 o 15 1

[85.@, 5.0, 115.8, 35.0] 0.000000e+00 -0.010000 ©.000000 ©0.000000e+00  ©

[125.0, 5.8, 155.8, 35.0] 0.000000e+00 0.000000 0.000000 0.000000e+00 g L0

[125.0, 45.0, 155.0, 75.9] 0.000000e+00 ©0.000000 ©.000000 -1.000000e-02 7 . |

[85.0, 85.0, 115.8, 115.0] -1.990000e-02 0.393763 0.000000 0.000000e+00 =

[5.8, 125.8, 35.0, 155.8] 0.000000e+00 0.000000 -0.019900 ©.000000e+00 = 0.0 1

[5.89, 165.0, 35.@, 195.9] 0.0000002+00 ©.000000 ©.000000 0.000000e+00 -

[45.0, 165.8, 75.0, 195.0] 0.0000002+00 ©.000000 ©.000008 0.000000c+00 —0.5 1 ‘ "‘ l l l ’ ‘ l
[125.0, 85.0, 155.8, 115.8] ©.000000=+20 ©.000000 -0.010000 O.PAPAPPE+00 10

[165.0, 45.0, 195.0, 75.90] 0.0000002+00 -0.010000 ©.000000 0.0P0000e+00 '

[125.@, 125.@, 155.9, 155.8] ©0.000000e+00 ©0.000000 ©.0P0EBBE ©.000000+00 episode
[125.0, 165.8, 155.0, 195.0] ©.000000=+20 0.000000 ©.000000 O.POPARRE+00

[165.0, 125.8, 195.@, 155.0] -1.000000c-02 ©.000000 ©0.000000 ©.000000c+00

game over » #EE - 3

[11, 31, 1@, 7, 15, 28, 28, 63, 4, 23, 13, 23, 19, 6, 14, 27, 8, 16, 5, 5, 5, 5, 5, 5, 6,
7, 5, 5,5, 3]
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Q-Learning

¢ 50-=x
) 1 2 3
[5.0, 5.0, 35.0, 35.0] 2.294879¢-07 0.000125 0.000000 9.270430e-08
[5.0, 45.0, 35.8, 75.0] 1.01556@e-06 ©0.000000 0.001592 1.456489-06
[45.0, 45.0, 75.0, 75.8] 0.000000e+00 0.017388 -0.019900 0.00EAG0+00
[45.0, 5.9, 75.8, 35.0] 0.000000c+00 ©.000000 0.000000 O.0PERC0+00
[5.0, 85.0, 35.0, 115.8] 4.279697e-07 ©.000000 ©.000000 ©.000000e+00
terminal 0.000000e+00 0.000000 0.000000 0.000000e+00
[5.8, 125.0, 35.8, 155.0] 0.000000e+00 ©.000000 -0.010000 ©.0PARAAC+OV =arsa
[45.0, 85.0, 75.0, 115.0] 6.377194e-07 -0.019900 ©.152832 0.000000+00 30 — Queaming
[85.0, 85.0, 115.@, 115.0] -1.990000e-82 ©.952336 0.000000 0.000000=+00 25 |
[85.0, 5.0, 115.0, 35.8] 0.000000e+00 -0.010000 ©0.000000 0.000000e+00
[5.0, 165.0, 35.0, 195.0] 0.000000e+00 ©0.000000 ©.000000 0.000000e+00 o U]
[45.0, 165.0, 75.8, 195.0] -1.000000e-02 0.000000 0.000000 0.000000e+00 & 15
[85.6, 165.8, 115.0, 105.0]  ©.000000c+60 ©.000000 0.000000 ©0.000000¢+00 T . |
[125.0, 85.0, 155.0, 115.0] ©0.000000e+00 0.000000 0.000000 2.700000e-04 E
[125.0, 45.0, 155.0, 75.0]  ©.000000c+00 0.000000 0.000000 -1.000000e-02 5 051
[125.0, 165.0, 155.0, 195.0] 0.0000002+00 0.000000 0.000000 0.000000e+00 £
[85.0, 165.0, 115.0, 195.0] ©0.000000e+00 0.000000 0.000000 0.000000e+0B  ©
[125.0, 85.8, 155.0, 115.8] 0.000000c+00 ©.000000 ©0.000000 2.700000c-04 0.5 ““‘I
[125.08, 45.0, 155.0, 75.8]  0.000000c+00 ©.006RE0 ©0.000000 -1.000000c-02 10l
[125.0, 165.8, 155.0, 195.0] 0.P00000c:00 ©.000000 ©.000000 O.000000c+00 p
[125.0, 125.8, 155.0, 155.0] 0.P00000c:00 ©.000000 ©.000000 3.000000c-02
[125.@, 5.0, 155.8, 35.0] 0.000000¢+00 ©.000000 ©.000000 ©.000000e+00
[165.0, 45.9, 195.0, 75.0]  0.P00000e+00 -0.010000 ©.000000 O.000000e+00
[165.0, 5.0, 195.@, 35.0] 0.000000e+00 ©0.000000 ©0.000000 ©.000000e+00

game over - P - 7

[18, 17, 15, 18, 11, 18, 56, 24, 31, 23, 32, 35, 33, 9, 11, 7, 5, 5, 5, 5, 5, 5, 5, 5, 5,
10, 5, 5,5, 5, 5,6, 5,5, 6,5 4,5,5 6,5,5 5, 5,3,5,5,5,5, 7]
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[5.9, 5.0, 35.0, 35.0]
[5.0, 45.0, 35.0, 75.0]
[45.0, 45.8, 75.0, 75.0]
[45.0, 85.8, 75.0, 115.0]
terminal

[45.0, 5.0, 75.0, 35.0]
[85.0, 5.0, 115.@, 35.0]
[125.0, 5.8, 155.0, 35.0]
[165.@, 5.0, 195.8, 35.0]
[165.0, 45.0, 195.0, 75.0]
[5.9, 85.@, 35.0, 115.0]

faow T o I v T e N o T e T v TR v

game over - S0 Er ¢ 14

0

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
[85.0, 85.9, 115.8, 115.0] -0.
[5.0, 125.@, 35.0, 155.0] O.

g1
08

3R DD DD DR EE
[ I I e o T o O e TR T o R e T e T o T e T %

2

.0e
.0o
.98
.0e
.0o
.9e
.00
.0o
.9e
.98
.0e
.0o
.01

DD DD DR EE
DD DD DD DD D E S W

[6, 3, 12, 13, 14]

sarsa

0.0 —| |-'

— &Earsa

reward sum per episode

episode
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¢ 30=%

0 1 5 3 sarsa
[5.0, 5.0, 35.0, 35.0] 0.00 0.000000 0.000005 8.831737e-10 304 — carsa

[5.0, 45.0, 35.8, 75.0] 0.00 0.000000 0.000000 O.000000e+00 “
[5.0, 85.0, 35.8, 115.0] 0.00 0.000000 0.000000 ©.000000e+00 25 -

[45.0, 85.0, 75.0, 115.0] ©.00 ©.000000 ©.054619 ©.00PPPAe+0O u

[85.0, 85.0, 115.0, 115.0] ©.08 ©.595108 ©.000000 ©.000P0e+00 B 207

[125.@, 85.0, 155.0, 115.0] ©.00 ©.000000 -0.010000 ©.000000e+00 =

terminal 9.00 0.000000 0.000000 O.000000e+00 v 139

[45.0, 5.0, 75.8, 35.0] 0.00 0.000139 0.000000 ©.000000e-+00 5 1A

[85.0, 5.0, 115.0, 35.0] 0.00 -0.010000 ©0.000000 ©.000000e-+00 E

[125.8, 5.0, 155.8, 35.0] ©.00 0.000000 0.000000 O©.000000e+00 b5 -

[5.0, 125.8, 35.0, 155.0] ©.00 0.000000 -0.010000 O.000000e+00 e _Id
[5.8, 165.8, 35.0, 195.0] ©.00 0.000000 0.000000 O.000AGe+0O =00

[45.0, 165.0, 75.8, 195.0] -0.01 0.000000 0.000000 O.000AG0e+0O =

[125.@, 45.0, 155.0, 75.0] ©.00 0.000000 0.000000 -1.000000e-02 —0.5 1

[165.0, 45.0, 195.0, 75.0] ©.00 -0.010000 0.000000 ©.000RORe+0O

[45.0, 45.0, 75.0, 75.0] 0.00 0.003245 -0.010000 0.000000e+00 -1.0 1

[165.0, 5.0, 195.0, 35.0] ©.00 0.000000 0.000000 ©.00PADAe+0O episode

[85.0, 165.0, 115.0, 195.0] ©.03 0.000000 0.000000 ©.000ADAe+0O

game over - 4GB - 5

[19, 32, 11, 58, 32, 3@, 18, 77, 51, 15, 6, 5, 6, 5, 16, 5, 8, 5, 5, 5, 5, 5, 5, 5,
5, 7, 7, 5, 11, 5]
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[5.8, 5.0, 35.8, 35.0]
[45.0, 5.0, 75.0, 35.0]
[5.8, 45.0, 35.0, 75.0]
[5.8, 85.0, 35.8, 115.0]
[5.8, 125.0, 5.0, 155.0]
terminal

[45.0, 45.0, 75.0, 75.0]
[45.0, 85.0, 75.0, 115.0]
[85.0, 85.0, 115.0, 115.0]
[125.0, 85.8, 155.0, 115.0]
game over » #E3EEr 1 5

D@ RO R @ W

0

.A42650e-08
.00VRODe+00
.55002%e-08
.239968e-06
. 000000e+00
.00PRELe+00
.939655e-12
.074664e-05
. 000000e+00
.00PPODe+B0

e I e v B o B v T o I v R T v Y o

[13, 8, 6, 3, 11, 11, 17, 5, 7, 5, 5, 9, 8, 5, 7, 7, 5,
5,7, 6,5 5 6,5 5,7,5,5,6,7,5,5, 5,5, 5]

1

.00a1380
.00ee0
.@02424
.00ee0
. 000000
.00ReeY
.@02394
.910000
.118529
.00eeY

5! 4.‘! 5J

-1.
2.
Q.

-1.

reward sum per episode

2

.267862e-10
.000000e+00
.330180e-07
.535388e-02
.800000e-02
.000000e+00

0000a0e-02
965990e-01
0000a0e+00
000000e-02

5J 5J 5J 7! 7.‘! 7.‘! 5) 9J 7.‘! 5J 5J

® =N A

3

.876418e-07
.782417e-87
.83874%¢e-06
.000000e+00
.300000e+00
.000000e+00
.300000e+00
.830187e-05
.596812e-03
.000000e+00

5arsa

3.0 1

25

20 1

15 1

10

05 1

00 1

=1.0 1

— Earsa

episode
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Q-Learning v.s Sarsa

5 SARSA 0 Q-Learning
—100 - =100 -
5
2
‘& —200 A —200 -
[AR]
g
E 300 A —300 -
=
e
—400 - —400 -
_SGD T T T T T _5{”} ! T T T T
0 250 500 750 1000 0 250 500 750 1000
Episodes Episodes
1. Sarsaﬁ{tlﬁé B R 0 3 B S 4RIT0(R A E Y kv idE)
2. sarsav]i%’q}i—ﬁ » BB HE P RET > 4% DEER %‘%UE (x5 rm/\ R ] B
3. Q-learning = & * & = ﬁi B3 FM g Y 5 B ke 4o
"”T'/z}i i‘ﬁ;‘mﬁxl‘x I‘:{"_Bb ’ IIE E’K‘ji%ﬁ"]ﬁ ’ ',;:%‘% Q'E\F‘J}j];‘i:ﬁ;']& j\g"? ’ 32
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L
\\‘P

o Sarsa:iE#Fend - FERE DO o RYPERAE > FRr 3 E ke pgEd 0 2 KA
TF R %-y(‘ﬂ}ﬁ'{i‘g 4p o

e Q-learning:% # mn-;- EBRep B BREIE N e o AL EAY RS
PR R T BT “Reward‘:*%ﬁ;;f»&

o WIS AP AR > F LIFL T B 0 iF & i Sarsa jE
LT E'Jﬁ‘miﬁx £ R ag > BT ¢ Q-learning -

6 6
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