In [1]: import numpy as np
import pickle
import random
import matplotlib. pyplot as plt
import pandas as pd

B RHITE RS

In [2]: def check battle(key, my value):

srrrer

BEIDKZOBEEN DIV =0E S0 MHEZET S
Args:

key (str)  BEIDF— (Bi#imake_key TIERL)

my_value (int): {1:0, -1: x [
Returns:

bool fEEL [ True : my_valueDfEs, False : EEDOHT

srrrer

data
data

data. reshape (3, 3)

# T i

np. array (list(map (int, key.split(”,”))))

for ax in [0,1]: # 0-#Zm/IZH#Z. | #GRIZH#E

data_tmp = np. sum(data == my _value, axis=ax)

if np.sum(data_tmp == 3) > 0:
return True # %

# #M (HEBE) ZEZi#EE

if np.sum( np.diagonal (data) == my _value) ==

return True # #%

# R T HEE
step = len(data) - 1

if np.sum( data. ravel () [step:-step:step] == my_value) ==

return True # &%

return False

B EH—ERBIZX

In [3]: def make_key(array):
IBEF—FEET S
Args:
array (numpy. array) /GEE#xT 7 L1
Returns:
str. BEF+—
array = array. ravel ()
array = array. astype (int)
return ”,”. join(map (str, array))

BEIDEHDEF



In [4]: def edit_weight(key, target_weight, edit_flg):

srerer

IBEDEAFEHT S
Args:

key (str)  JGEIDF— (Bi#imake_key TIERL)

target weight (int) BEFd B3 EADEAT

edit flg (int): [0 1} ODBEIFOIZLESE, |DBEEIFEEFEIZ+]
Returns:

(None)

rrerer

global learning_weight

if key not in learning weight:
learning_weight[key]l = np.ones (9, dtype=int) # #JAF71E

# EADEH
if edit_flg == 0:

learning_weight[key] [target_weight] = 0
else:

learning weight[key] [target weight] += 1

BHE CDiEUFDiER

In [6]: def select_position(key, used_position):

srrrr

(PEEN-EAZFFL T) BETDHELFERDS

Args:
key (str) .[BEDF— (E#make key TIEAL)
used position (list) BEZFT/=H TLVEFDLAT
Returns:

int: XDELF (0~8: XDIELF, -1 RDELFHEEE]

V4

global learning weight

if key not in learning weight:
learning weight[key]l = np.ones(9, dtype=int) # #J&9/E

# IBEIDEAFHF

target_weight = learning_weight[key]
values = []

i =0

for weight in target _weight:
if i in used position:
weight = 0 # HEFADBAEEELIVLIIZT S
values. extend ([i]*weight)
i +=1

# 15 L FDER
if len(values) == 0:

return -1 # X/ICEIRTEEE L FHFHE LG IEE
else:

random. shuffle (values)

return np. random. choice (values)



In [6]: def select_position_random(used_position):
(BEINEBAEFFET, SFAIZ) BETDIELFZRHDSE
Args:
used position (list): BFIZ#T/=H TLVEFDLZAT
Returns:
int: XDELF [0~8 : XDIELF, -1 : XDIELFH7GIZE]

srrr 07

# [BEDES FHF

target_weight = np.ones (9, dtype=int)
values = []

i =0

for weight in target weight:
if i in used_position:
weight = 0 # HFEFADBAFHEELIVLESIZT S
values. extend ([i]*weight)
i += 1

# ZELFDER
if len(values) == 0:

return -1 # X/ICEZERTEFEE L FHHFEL GBS
else:

random. shuffle (values)

return np. random. choice (values)

RHEDEF

In [7]: def update_key (key, next_position, updated value):
/FE (key) ICRDIEL FFZE#HT S
Args:
key (str) . jGEF+—
next_position (int) XDHELF [0~8}
updated value (int) 5L 7= A (-1 cross, 1.circle}
Returns:
str-/GE+—
key_tmp = list(map(int, key.split(",”)))
key_tmp[next_position] = updated_value
return make_key (np. array (key_tmp))

RFHIAE T OB ERE



In [9]: # #0#7/E
cross = -1 # S£EH : x
circle =1 # #F: 0O
init_value = 0 # ZBEDAJATIKEE
value = [cross, circle]l # circle:O, cross: x
battle_history = [1 # BHK/EF
learning_count = 10000 # Zt77/a/#¢

for lcount in range(learning_count): # &77/E1%
# HEE
history = [1 # #5L FDEEF
win_flg = False
key = make_key (np. full (9, init_value)) # &&F
for i in range(9): # RAIEHET
used_position = list(np. where(np.array(list(map(int, key.split(”,”)))) != init_value) [
0) # BEICHT A TLBEFDHAT
next_position = select_position_random(used_position) # XdD5L FDER (FEZ, &=
125 2 ZLZER)
if next_position == -1:
# RDIELFHLIVEE
win_flg = True
battle_history. append (value[i%2]*-1) # BERDERE
break # MEEZZT
else:
history. append ([value[i%2], key, next_position]) # IELFNEEZHE:E
key = update_key (key, next position, valuel[i%2]) # BEOE#
if check_battle(key, valuel[i%2]) == True:
¥ BENEESES (BFEEDEFE)
win_flg = True
battle_history. append(value[i%2]) # BEERDERE
break # MEEZZT
# B DEREF
if win_flg == False:
battle_history. append (0)

if lcount%100 == 0:
print(".”, end="")

print (“finish”)

finish



In [10]:

In [17]:

v = [0, cross,circle]

v_label = [“draw”, “win: cross”, “win: circle”]
colors = ["b”. “r”. "g". "y"]

y_range = (0, 101)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

for i in range(3):

result = np. sum(np. where (np. array (battle_history). reshape ((len(battle_history)//100, 100))
== v[i] ,1, 0), axis=1)

ax.plot(result, label=v_label[i], linestyle="-", color=colors[i] ) # 100[E/&EDEF

ax.plot (np. convolve(result, np.ones(10), mode="valid”)/10, label=v_label[i]+” ( moving aver
age )”, linestyle=":", color=colors[i]) # 100E&EDHEE - #EFLy

ax.set_ylim(y_range[0], y_range[1])
ax. legend ()
plt. show()

100
— draw

“““ draw( moving average |

—— win: cross

B0 e win: cross( moving average |
= win: circle

<o wine circle] moving average |

rrrrrr

PERRELTTHEL T, — D6 PYEBLEVGEIZES, CDELFEETLTSESED
XAEIFE T, CDENFEETLTSESL
XOEIHLUEE., CDEILNEFETLEDO2/-5BE, XD/ TEEEZHENSETTEET

Ve

# L

cross = -1 # K - x

circle =1 # #H:O

init_value = 0 # ZBEIDATEIKEE

value = [cross, circlel Z circle:O, cross: x
battle_history = [1 # BHEE
leaning_pattern = [1 # ZEFAEETH

# BIFDFEFARAEAFT T

learning_weight = {}

learning_weight. clear ()



In [18]:

srorer

CDEIDETEIIC. $H/ BHELLEDT LV FEEIEINERL TS LS
KAKEZE I EHEEIE. BADEH [target_machine) & 0] [CREL TS0
XEKFZE I EHEIE, #EADESH [target machine) & 1) [ZEREL TS S0

rrorer

# #IEE
learning count = 10000 # Z77/a/#¢

target_machine = 0 # F&ZHFEF (0: 65 or 1 #K)
#target machine = 1 # ZEWFZE (0: K or | : #HK)

if target_machine == 0:
# BZENRE - FHDEZE
learning_weight_name = “learning_weight_1st.pickle”
battle_history_name = "battle_history_1st.pickle”
leaning_pattern_name = “leaning_pattern_name_1st.pickle”
else:
# EZENRE - BHDEZE
learning_weight_name = “learning_weight_2nd.pickle”
battle_history_name = “"battle_history_2nd.pickle”
leaning_pattern_name = “leaning_pattern_name_2nd.pickle”

# BET— I DFEAAH
if len(learning_weight) != 0:
with open(learning_weight_name, mode="rb’) as f_ld:
learning_weight = pickle. load (f_Id)
# B ED G A A H
if len(battle_history) != 0:
with open(battle_history name, mode="rb’) as f_bh:
battle_history = pickle. load (f_bh)
i BEFAGE/NE — 2 DERF
if len(leaning_pattern) != 0:
with open(leaning_pattern_name, mode="rb’) as f_lIp:
leaning_pattern = pickle. load (f_Ip)

for lcount in range(learning_count): # &A77/E/%
# IHEE
history = [1 # #5_L FDEEF
win_flg = False
key = make_key(np. full (9, init_value)) # &&F
for i in range(9): # BA9EET
used_position = list(np.where(np.array(list(map(int, key.split(”,”)))) != init_value)[
01) # BEICHT/=ATLVEBFDEZAT
if target_machine == i%2:
# ZEHNRETHELZE
next_position = select_position(key, used_position) # X5l FDER
Hnext_position = select position_random(used position) # XDEL FDER (FF
& BICS 2 TLER)
if next_position == -1:
# RDIELFHLVEE (FEEDHKIL)
win_flg = True
battle_history. append(value[i%2]*-1) # BERDERE (FTFEHDHIL)
# BADEIR (KEH)
if lenChistory) >= 2:
his_value, his_key ,his_next_pos = history[-2]
edit_weight (his_key, his_next_pos, 0) # FEZDIDFEFIDIELFDEHAZFE
TlRYZES
break # MEZFZT
else:
history. append([value[i%2], key, next_position]) # IELFDEREZREF
key = update_key (key, next_position, valueli%2]) # BEOEH
if check_battle (key, valuel[i%2]) == True:



# BEOEEBE (FEEDEFEFE)
win_flg = True
battle_history. append (value[i%2]) # BEXDERE (FEEDEF)
# BADIEN (HES) BEDETDIELFDEAFET
for his_value, his_key ,his_next_pos in history:
if his_value == value[i%2]:
edit_weight (his_key, his_next_pos, 1)
break # MEZZT
else:
# ZEHNZRE THEE
next_position = select_position_random(used_position) # XD L FDER (F£F
&, BIZS 2 LZER)

history. append ([value[i%2], key, next_position]) # IELFNEEZZEREF
key = update_key (key, next_position, valueli%2]) # BEOE
if check battle(key, valuel[i%2]) == True:
# BEIE I -BE (EEEZDKIE)
win_flg = True
battle_history. append (value[i%2]) # MEXDERE (FEEHEDKIL)
4 BADEIR (KEH)
his_value, his_key ,his_next_pos = history[-2]
edit_weight (his_key, his_next_pos, 0) # A& (F&FZ) DREDIELFDEAF
ETHRYES

break # MM FZ T
# R DERE
if win_flg == False:
battle_history. append(0)
# BPEFAGENT —

leaning_pattern. append (len(learning weight))

if lcount%100 == 0:
print(”.”, end="")

# FET—RDIRF
with open(learning_weight_name, mode="wb’') as f_Id:
pickle. dump (learning weight, f_Id)

¥ BHIEFEDRF

with open(battle_history_name, mode="wb') as f_bh:
pickle. dump (battle_history, f_bh)

¥ FEFABE /N — 2 DIREF

with open(leaning_pattern_name, mode="wb’') as f_Ip:
pickle. dump (leaning pattern, f_Ip)

print (“finish”)

FBINRDOHER

xXBRDHEFH



In [19]:

In [20]:

v = [0, cross, circle]

v_label = [“draw”, “win: cross”, “win: circle”]
colors = ["b”. “r". “g". "y"]

#x_range = (0, 150)

#x_range = (0, 5000)

y _range = (0, 101)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

for i in range(3):

result = np. sum(np. where (np. array (battle_history). reshape ((len(battle_history)//100, 100))
== v[i] ,1, 0), axis=1)

ax.plot(result, label=v_label[i], linestyle="-", color=colors[i] ) # 100[E&#DEZE

ax. plot (np. convolve(result, np.ones(10), mode="valid”)/10, label=v_label[i]+” ( moving aver
age )", linestyle=":", color=colors[il) # 100[E/&DEZE - FEFL

# BI1GUVEE

result = np. sum(np. where (np. array (battle_history). reshape((len(battle_history)//100, 100)) !=
circle , 1, 0), axis=1)

ax.plot(result, label="not lose”, |inestyle="-", color=colors[3] ) # 100E#EDE (77 FEZE
ax. plot (np. convolve (result, np.ones(10), mode="valid”)/10, label="not lose( moving average )",
linestyle=":", color=colors[3]) # 100[E/@FDE 17 \HEE - BEFH

ax.set_ylim(y_range[0], y range[1])

ax. legend ()
plt. show()

100

— draw
“““ draw( moving average )

—— win: cross

“““ win: cross( moving average |
— win: circle

ol e win: circle[ moving average )
not lose

not lose{ moving average )

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

# FEFAGE/NG—
ax.plot (leaning_pattern, label="learned_pattern_amount”, linestyle="-")

ax. set_ylabel ("amount™)

ax. set_xlabel ("learn count™)
ax. legend ()

plt. show()

— learned_pattern_amount
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amount
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500

0 2000 4000 G000 800D 10000
learn count



BRODHEFE

In [13]:

In [14]:

v = [0, cross, circle]

v_label = [“"draw”, “win: cross”, “win: circle”]
colors = ["b”. "r" "g". "y"]

y range = (0, 101)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

for i in range(3):

result = np. sum(np. where (np. array (battle_history). reshape ((len(battle_history)//100, 100))
== v[i] ,1, 0), axis=1)

ax.plot(result, label=v_label[i], linestyle="-", color=colors[i] ) # 100E/&DEE

ax. plot (np. convolve(result, np.ones(10), mode="valid”)/10, label=v_label[i]+” ( moving aver
age )", linestyle=":", color=colors[il) # 100[E/&DEZE - #EFEL

# BIFGUVEE

result = np. sum(np. where (np. array (battle_history). reshape((len(battle history)//100, 100)) !=
cross ,1, 0), axis=1)

ax.plot(result, label="not lose”, linestyle="-", color=colors[3] ) # 100E#EDE (774 FEZE
ax. plot (np. convolve (result, np.ones(10), mode="valid”)/10, label="not lose( moving average )",
linestyle=":", color=colors[3]) # 100[E/@FDE 17 FEE - BEFH

ax.set_ylim(y_range[0], y range[1])
ax. legend ()
plt. show()

100

NI A~

— draw
“““ draw( moving average )

&0 . VR U Wty Ny . - — win: cross
\‘ /\/\ AW I 1T NN Ty win: cross{ moving average |

Via, A AN o A — win: circle
0 L “““ win: circle[ moving average )
R 2 S Jurte e not Inse
R VA, A not lose{ moving average )
N O WARANL N

o 20 40 60 80 100

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

# FEFAGE/NG—
ax.plot (leaning_pattern, label="learned_pattern_amount”, linestyle="-")

ax. set_ylabel ("amount™)

ax. set_xlabel (“learn count™)
ax. legend ()

plt. show()
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FRBEHORE/ Y-8, FRBIRENTNTHSR

In [22]: # ZEFABE/NZ—># (£H)
with open(“leaning_pattern_name_1st.pickle”, mode="rb’ ) as f_Ip:
leaning_pattern_1st = pickle. load (f_Ip)
# PEFABE/NG— 8 (FHK)
with open(“leaning_pattern_name_2nd.pickle”, mode="rb’) as f_lIp:
leaning_pattern_2nd = pickle. load (f_Ip)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

# FEFAGE/NG—
ax.plot (leaning_pattern_1st, label="learned pattern amount ( 1st )”, linestyle="-", color="r")
ax.plot (leaning_pattern_2nd, label="learned pattern amount ( 2nd )“, linestyle="-", color="b")

ax. set_ylabel ("amount™)

ax. set_xlabel (“learn count™)
ax. legend ()

plt. show()

—— learned pattern amount [ 1st)
2000 4 — learned pattern amount | 2nd )

1500

1000

amount

500

0 2000 4000 E000 8000 10000

EFFLEBTETLES., keyDEELRRLET

In [24]: # ZET7—F DisimHAAH
with open(“learning _weight_1st.pickle”, mode="rb’) as f_ld:
learning_weight_1st = pickle. load (f_Id)
# BB D e A AR
with open (“"battle history 1st.pickle”, mode="rb’ ) as f_bh:
battle history_1st = pickle. load (f_bh)

¥ FET— R DFEAAH

with open(“learning_weight_2nd.pickle”, mode="rb’) as f_ld:
learning_weight_2nd = pickle. load (f_Id)

# B D e A AR

with open (“"battle history 2nd.pickle”, mode="rb’ ) as f_bh:
battle_history_2nd = pickle. load (f_bh)

print "FEEEFEADBE/NT— % (%17) - {}7. format(len( set(learning weight_1st. keys()) )))

print "EEEADODBE/NE— % (%)  {}7. format(len( set(learning weight_2nd. keys()) )))

print "FEFAHADBHE/NI—2 T, TR TOEES: {}7. format (len(set (learning_weight_1st.
keys()) & set(learning_weight_2nd. keys()))))

print("EBEADOBR@E/NZ— 28 (%&iT+E%) ¢ {}7. format (len( set(learning_weight_1st. keys())
) + len(set(learning_weight_2nd. keys())) ))

FEREADBE/NZ— 8 (F£17) @ 2156
FEEADBE/NZ— % (BRK) : 2071
FEEADBE/NZ—UT, RITERRTOEEHK: O
FEEFADBE/NZ — U8 (FTHHER) @ 422]



FHBRHRTOMR (1)

SIERFEMND(CIRB(ET

In [25]: # #UHH1E
cross = -1 # FEH : x
circle =1 # #:O
init_value = 0 # ZBEDAJATIKEE
value = [cross, circle]l # circle:O, cross: x
battle history = [1 # #HEF
learning_count = 10000 # sA77/E/#

# BIFDEEEFAEAET T
learning_weight = {}
learning_weight. clear ()

# BET— X DFZAAH

¥ EZENRE - FHDBE

with open(“learning_weight_1st.pickle”, mode="rb’) as f_Id:
learning_weight = pickle. load(f_Id)

¥t ZEXHNRE - BHDEBE

with open(“learning weight_2nd.pickle”, mode="rb’) as f_ld:
learning weight _add = pickle. load(f_Id)

learning weight. update (learning weight add)

for lcount in range(learning_count): # s77/E/#%
# HEE
history = [1 # #8L FDEEF
win_flg = False
key = make_key (np. full (9, init_value)) # &&F
for i in range(9): # RA9IE=EF
used_position = |ist(np.where(np.array(list(map(int, key.split(”,”)))) != init_value)[
01) # BEICHT /=T EFDHZAT
next_position = select_position(key, used_position) # XDELFDER
if next_position == -1:
# XDIEL FHLIEE
win flg = True
battle_history. append (value[i%2]*-1) # BERDERE
break # MM Z7Z T
else:
history. append ([value[i%2], key, next_position]) # IELFNEEZZERE
key = update_key (key, next_position, valuel[i%2]) # BEOEH
if check battle(key, value[i%2]) == True:
# BEAEZE
win_flg = True
battle_history. append(value[i%2]) # BsBRDEBRE
break # MEEZZTT
# B DEEF
if win_flg == False:
battle history. append(0)

if lcount%100 == 0:
print(”.”, end="")

print (“finish”)

finish



In [26]: v = [0, cross,circle]
v_label = [“draw”, “win: cross”, “win: circle”]
colors = ["b”. “r”. "g"]
y_range = (0, 101)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

for i in range(3):

result = np. sum(np. where (np. array (battle_history). reshape ((len(battle_history)//100, 100))
== v[i] ,1, 0), axis=1)

ax.plot(result, label=v_label[i], linestyle="-", color=colors[i] ) # 100[E/&#DEE

ax. plot (np. convolve (result, np.ones(10), mode="valid”)/10, label=v_label[i]+” ( moving aver

age ), linestyle=":") # 100[@#DEFE - BE-TH
ax.set_ylim(y_range[0], y_range[1])

ax. legend ()
plt. show()

100

— draw
----- draw{ moving average )
— wi

win: cross( moving average |
= win: circle

win: circle( moving average )

FBBEHEILTDOFIR (2)

M UIEN S, =5(CFBZEITD



In [31]:

# EE

cross = -1 # sEH : x

circle =1 # #: O

init_value = 0 # ZBEDAJATIKEE

value = [cross, circle]l # circle:O, cross: x
battle_history = [1 # BHK/EF

leaning_pattern = [1 # ZEFABE/NZ— 2%
t FDFEFAHEAET T

learning_weight = {}

learning_weight. clear ()

learning count = 10000 # Zf77/a/%%

¥ FET—ZDsmHAH

¥ EZENRE - FHDEBE

learning_weight_name = “learning_weight_1st.pickle”

with open(learning_weight_name, mode="rb’) as f_ld:
learning_weight = pickle. load(f_Id)

# EZENRE - BHDEE

learning_weight_name = “learning_weight_2nd.pickle”

with open(learning_weight_name, mode="rb’) as f_Id:
learning_weight_add = pickle. load (f_Id)

learning_weight. update (learning_weight_add)

# debug
print "EEEAEEEHE (WEFD : {}”. format(len(learning_weight)))

for lcount in range(learning_count): # &77/E1%¢
# HHEE
history = [1 # #5L FDEEF
win_flg = False
key = make_key (np. full (9, init_value)) # &&
for i in range(9): # RA9E=EF

used_position = |ist(np.where(np.array(list(map(int, key.split(”,”)))) != init_value)[

0) # BEIZHT/A=A TLBEFDEBZAT
if i%2 = 0:
machine = cross
else:
machine = circle

next_position = select_position(key, used _position) # XdDEL FDER
if next_position == -1:

# RDIEL FHLIEE

win_flg = True

battle_history. append (machinex-1) # E8mD/EE

# BADER (MES)

if len(history) >= 2:

his_value, his_key ,his_next_pos = history[-2]

edit_weight (his_key, his_next_pos, 0) # ZEFZEDIDFFHIDIELFDEAFE TH

Yyx£3
break # MIE#FZTT
else:
history. append ([machine, key, next _position]) # 5L FDEFFIRF
key = update_key (key, next_position, machine) # EEDEEr
if check_battle(key, machine) == True:
t BESE-BE
win_flg = True
battle _history. append (machine) # BEcD/ERE
# BEADIEN (FES) BEDETDELFODEAZIET
for his_value, his_key ,his_next_pos in history:
if his_value == machine:
edit_weight (his_key, his_next_pos, 1)
4 BEADEIR (MEH)



if lenChistory) >= 2:
his_value, his_key ,his_next_pos = history[-2]
edit_weight (his_key, his_next_pos, 0) # ZFEZEZEDIDFFIDIELFDEAFZE
THRYZED
break # MLEEZZT T
# R DERE
if win_flg == False:
battle_history. append (0)
# BPEFAGENT—

leaning pattern. append (len(learning weight))

if lcount%100 == 0:
print(”.”, end="")

print (“finish”)
print "EEEAETE (WIEE) o {}”. format (len(learning_weight)))

FEFHBREH (LIEFD o 4227
AR
FEFEHREH (LER) 4313

— I P UFBTERLIE

In [32]: v = [0, cross,circle]
v_label = [“draw”, “win: cross”, “win: circle”]
colors = ["b”. "r". “g"]
y_range = (0, 101)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

for i in range(3):

result = np. sum(np. where (np. array (battle_history). reshape ((len(battle_history)//100, 100))
== v[i] ,1, 0), axis=1)

ax.plot(result, label=v_label[i], linestyle="-", color=colors[i] ) # 100[E/&DEF

ax. plot (np. convolve(result, np.ones(10), mode="valid”)/10, label=v_label[i]+" ( moving aver
age )", linestyle=":") # 100[E/&DEFZE : BEFLY

ax.set_ylim(y_range[0], y range[1])
ax. legend ()
plt. show()
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In [33]:

# EE

cross = -1 # sEH : x

circle =1 # & O

init_value = 0 # ZBEDAJATIKEE

value = [cross, circle]l # circle:O, cross: x
battle_history = [1 # BHK/EF

learning_count = 10000 # Zt77/a/#¢

t FDFEFAHEAET T

learning_weight = {}

learning_weight. clear ()

leaning_pattern = [1 # FEFABE/NZ—

for lcount in range(learning count): # &H77/E%
# HE
history = [1 # /5L FDEEF
win_flg = False
key = make_key (np. ful | (9, init_value)) # &&F
for i inrange(9): # RA9E=F
used_position = list(np. where(np. array (list(map(int, key.split(”,”)))) != init_value)[
01) # BEICHT A=A TLBFDEAT
if i%2 ==0:
machine = cross
else:
machine

circle

next_position = select_position(key, used_position) # XdDEL FDER
if next_position == -1:
# RDELFHLGZE
win_flg = True
battle_history. append (machinex-1) # B DELEF
# BADEIB (MES)
if lenthistory) >= 2:
his_value, his_key ,his_next_pos = history[-2]
edit_weight (his_key, his_next_pos, 0) # ZEFEZEDIDFFIDIELFDEAZFE TH

break # M #FxX7T
else:

history. append ([machine, key, next_position]) # #5_L FD/EEFFRZF
key = update_key (key, next_position, machine) # EEDEEr
if check battle(key, machine) == True:
# BENEEZE
win_flg = True
battle_history. append (machine) # D ELF
# BEADIEN (BES) BEDETDELFODEAZIET
for his_value, his_key ,his_next_pos in history:
if his_value == machine:
edit weight (his_key, his_next pos, 1)
# BADEIR (MESH)
if len(history) >= 2:
his_value, his_key ,his_next_pos = history[-2]
edit_weight (his_key, his_next_pos, 0) # ZEZEZEFDIDFFIDIELFDEAFE

break # MEZFZT
# BRDEF
if win_flg == False:
battle_history. append (0)
¥ FPEFABENT—

leaning_pattern. append (len(learning_weight))

Y&

THRYES

if lcount%100 == 0:
print(”.”, end="")

print (“finish”)



finish

In [34]: v = [0, cross,circle]
v_label = [“draw”, “win: cross”, “win: circle”]
colors = ["b”. “r" “g". "k"]
y_range = (0, 101)

fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

for i in range(3):

result = np. sum(np. where (np. array (battle_history). reshape ((len(battle_history)//100, 100))
= v[i] ,1, 0), axis=1)

ax.plot(result, label=v_label[i], linestyle="-", color=colors[i] ) # 100[E/&DEEFE

ax.plot (np. convolve(result, np.ones(10), mode="valid”)/10, label=v_label[i]+” ( moving aver
age )”, linestyle=":", color=colors[i]) # 100[E/&#FDEE - FEFL

ax.set_ylim(y range[0], y range[1])
ax. legend ()

plt. show()
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In [36]: fig = plt. figure(figsize=(20,5))
ax = fig. add_subplot (111)

¥ FEFAGE N —
ax.plot (leaning_pattern, label="learned pattern amount”, |inestyle="-")

ax. set_ylabel ("amount™)
ax. set_xlabel (“learn count™)

ax. legend ()
plt. show()
—— learned pattern amount
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In [41]:

#

¥ A EEHEFEFFE L /-EH

#

4 FET— R DFAAH

# ZEHNRE - EHDEZE

with open(“learning weight_1st.pickle”, mode="rb’) as f_Id:
weight_tmp = pickle. load(f_Id)

¥ EBZENRE - BHDEBE

with open(“learning_weight_2nd.pickle”, mode="rb’) as f_Id:
weight_tmp_add = pickle. load (f_Id)

weight_tmp. update (weight_tmp_add)

df tmp_1 = pd. io. json. json_normalize (weight tmp).T

df_tmp_1. columns = [“weight”]

df_tmp_1["zero_count™] = df_tmp_1["weight”]. apply (lambda x: np.sum(x == 0))

df_tmp_1["stage”] = [ 9 - list(map(int, x.split(”,”))).count(0) for x in np.array(df_tmp_1. ind
ex) ]

#
# ABEEHERFIZFE LEH
#

df_tmp_2 = pd. io. json. json_normalize (learning_weight). T

df_tmp_2. columns = [“weight”]

df_tmp_2["zero_count”™] = df_tmp_2["weight”]. apply (lambda x: np.sum(x == 0))

df _tmp_2["stage”] = [ 9 - list(map(int, x.split(”,”))).count(0) for x in np.array(df_tmp 2. ind
ex) ]

# e

# EBEICHVT, BAL [0 ELo/-BEDH
fig = plt. figure(figsize=(10, 3))

ax = fig. add_subplot (111)

ax.set_xlim(-0.5, 9)

ax.set_ylim(0, 2200)

tmp = df_tmp_1. groupby ("zero_count™) [“weight”]. count ()
ax. bar (tmp. index, tmp.values, alpha=0.3, facecolor="None”, edgecolor="b", label="pattern-17)
tmp = df_tmp_2. groupby (“zero_count™) [“weight”]. count ()
ax. bar (tmp. index, tmp.values, alpha=0.3, facecolor="None”, edgecolor="r", label="pattern-2")

ax. legend ()

ax. set_ylabel (“count”)

ax. set_xlabel ("number of weights 'zero ”)
ax.set_title("learned pattern count ( with zero weight )”)
plt. show()

# AFHDSTFEEFTD, EFHFED [EH [0) #HEDEEDH

fig = plt. figure(figsize=(10, 3))

ax = fig. add_subplot (111)

tmp = df_tmp_1[ df_tmp_1.zero_count != 0 ]. groupby (“stage”) [“zero_count”]. count ()

ax. bar (tmp. index, tmp.values, alpha=0.3, facecolor="None”, edgecolor="b", label="pattern-17)
tmp = df_tmp_2[ df_tmp_2. zero_count != 0 ]. groupby ("stage”) [“zero_count”]. count ()

ax. bar (tmp. index, tmp.values, alpha=0.3, facecolor="None”, edgecolor="r", label="pattern-2")
ax. legend ()

ax. set_ylabel (“count”)

ax. set_xlabel ("stage”)

ax.set_title(“learned pattern count ( with zero weight ) by stage”)

plt. show()
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(1) IR R ZERIFE UIBE

In [42]: df_tmp_1[ df_tmp_1.stage == 0 ]
Out[42]:

weight | zero_count | stage

0,0,0,0,0,0,0,0,0 ([1282, 48, 16, 46, 4948, 82, 154, 369, 922] |0 0




In [43]: tmp = np.array(df_tmp_1[ df_tmp_1. index == make_key (np. zeros (9)) 1 [“weight”][0]). reshape (3, 3)
tmp = tmp / tmp.max ()
image = plt. pcolor (tmp, cmap=plt. cm. Blues)
plt. xticks ([0, 1,2,3])
plt.yticks([0,1,2,3])
plt. colorbar (image)

Out[43]: <matplotlib.colorbar.Colorbar at Ox1b1f5c01d30>
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In [44]: df_tmp_2[ df_tmp_2.stage == 0 ]
Out[44]:

weight | zero_count | stage

0,0,0,0,0,0,0,0,0 | [284, 140, 362, 112, 573, 251, 268, 38, 387] |0 0

In [45]: tmp = np.array(df_tmp_2[ df_tmp_2. index == make_key (np. zeros (9)) ] [“weight”][0]). reshape (3, 3)
tmp = tmp / tmp.max ()
image = plt.pcolor (tmp, cmap=plt.cm. Blues)
plt. xticks ([0, 1, 2,3])
plt. yticks ([0, 1,2, 3])
plt. colorbar (image)

Out[45]: <matplotlib.colorbar.Colorbar at Ox1b1f5d70ac8>
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(1) IR R ZERIFE UTBE

In [46]: df_tmp_1[ df_tmp_1.stage == 1 ]

Out[46]:
weight | zero_count | stage
-1,0,0,0,0,0,0,0,0 ([1, 19, 0, 0, 350, 38,0, 17, 13] |3 1
0,-1,0,0,0,0,0,0,0 |[80, 1, 212, 34, 104, 0, 0, 16, 41] | 2 1
0,0,-1,0,0,0,0,0,0 ([0, O, 1, 0, 181, 0, 29, 58, O] 5 1
0,0,0,-1,0,0,0,0,0 ([3, 8,0, 1, 317, 9, 30, 23, 129] |1 1
0,0,0,0,-1,0,0,0,0 |[19, 3, 20, 17, 1, 0, 387, 12, 80] |1 1
0,0,0,0,0,-1,0,0,0 | [0, 17, 40, 1, 298, 1, 146, 1, 180] |1 1
0,0,0,0,0,0,-1,0,0 | [0, O, 0, 22, 265, 0, 1, 13, O] 5 1
0,0,0,0,0,0,0,-1,0 | [0, 4, 387, 5, 25, 103, 10, 1, 48] |1 1
0,0,0,0,0,0,0,0,-1 [ [0, 0, 19, 0, 412, 4, 64, 6, 1] 3 1

In [47]: tmp = np.array(df_tmp_1[ df_tmp_1. index == “0,0,0,0,-1,0,0,0,0”]1 [“weight”] [0]). reshape (3, 3)
tmp = tmp / tmp.max ()
image = plt. pcolor (tmp, cmap=plt. cm. Blues)
plt. xticks ([0, 1,2,3])
plt.yticks([0,1,2,3])
plt. colorbar (image)

Out[47]: <matplotlib.colorbar.Colorbar at Ox1b1f6155588>
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In [48]: df_tmp_2[ df_tmp_2.stage == 1 ]

Out[48]:
weight | zero_count | stage
-1,0,0,0,0,0,0,0,0 ([1,0, 0, 3, 53,0, 0,0, 0] 6 1
0,-1,0,0,0,0,0,0,0 ([37,1,5,0,38,0,0,6,8] |3 1
0,0,-1,0,0,0,0,0,0 ([0, 0, 1,0, 41,0, 0, 0, 0] 7 1
0,0,0,-1,0,0,0,0,0 ([7, 21,0, 1, 18, 4, 15, 6, 27] | 1 1

0,0,0,0,-1,0,0,0,0 | [42,0, 73, 0, 1, 0, 39, 0, 35]

0,0,0,0,0,-1,0,0,0 ([0, O, 45,9, 37, 1, 0, 0, 25]

0,0,0,0,0,0,0,-1,0|[4,1,17,2,1,2,9,1, 4]

4

4
0,0,0,0,0,0,-1,0,0 [0, O, O, O, 96, 0, 1, 0, O] 7 1

0

7

0,0,0,0,0,0,0,0,-1 [0, 0,0,0,94, 0,0, 0, 1]

In [49]: tmp = np.array(df_tmp_2[ df_tmp_2. index == “0,0,0,0,-1,0,0,0,0”] ["weight”] [0]). reshape (3, 3)
tmp = tmp / tmp.max ()
image = plt.pcolor (tmp, cmap=plt.cm. Blues)
plt. xticks ([0, 1, 2,3])
plt.yticks([0,1,2,3])
plt. colorbar (image)

Out[49]: <matplotlib.colorbar.Colorbar at Ox1b1f5e5cc88>
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