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Abstract

In this project, we deal with Blackjack, one of the most popular casino games. There
are ”Basic Strategy” and ”Counting” as representative behavior strategy concerning
Blackjack. Players were able to increase the expected gains of Blackjack by using these
strategies. However, as the casino side took countermeasures, Counting could not be
used in Blackjack, making it difficult for players to get gains. Therefore, we have set
the goal of the project to discover superior strategies from the following two points in
comparison with existing strategies. The first point is that it is easy for players to play
with a usable strategy, and the second is that the final gain can be larger than other
strategies.

In the previous term, we examined how accurate the basic strategy is, and how
advantageous it is to players compared with other strategies. In the verification, we
created a simulator of Blackjack and conducted a simulation to investigate the winning
percentage of each strategy. In addition, to determine how easy it is to handle the
strategy, we re-defined the complexity of the strategy.We also evaluated the strategy
from the evaluation index which combined the winning percentage and the complexity
of the strategy. From the results of the verification, it was found that there is room for
improvement in the basic strategy when considering the complexity.

In the latter term, we verified the complexity defined in the previous term, searched for
new strategies using Genetic algorithm, and improved the simulator. In the verification
of complexity, we conducted an experiment to remember the strategy. From analyzing
the results of the experiment, we confirmed that the complexity is the correct index.
In the Genetic algorithm, we were able to explore strategies using performance index
including complexity and obtained excellent strategies. By introducing a mechanism of
betting on the simulator, it became possible to calculate not only the winning percentage
but also the gain. Then we conducted a simulation to compare the strategy obtained
from Genetic algorithm with the basic strategy. In this simulation, in order to ease
handling, the degree to which the player misunderstands the strategy is defined as an
error rate, and comparison between the strategies was made. Simulation results show
that Genetic algorithm’s strategy is superior to basic strategy in terms of both ease of
handling and final gain.

Keyword casino, blackjack, basic strategies, complexity, Genetic Algorithm
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Fy OBEERD R~y 2 A NS U— (HBEH) | 42798 57202 100000
F oy ZHUIBRO R~y 2 AN 55V — (BHER) | 42955 57046

Fy o1 DOR—Yy I AT FY— (EEEK) | 43111 56889 100000
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HHE 1
EHIHE 3.84
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PRI NS,

R=Yw I ANTTV—DEE, 4 2 Feflild 1.0665 L7220, A4 2 Fflin 3.84 L D/IHI W
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FTV—WE2, I5EIZRSE Ty NI SHIK 16 BAEIZZASE Ty M SHIE,. 17 ML
IZiRBFETey MTAHIK, 18 L EIZZRd Ty M T BHIRIC DWW THBRIZIT S,

R=Yy JANTTFV—WE 1 HSIEICA A 2 FefEid 4.6112, 3.0753, 2.2164. 0.5952, 0.2237,
160.1305 £ 7257z, ZOHTHEAE3.84 2 A ZDIER—=Y Yy 7 AN T FY—®E1 & 18 ML E
DFETHD, N—Y v 7 ANTTFI—HE2, 15E, 16 AEE 17T EDEE, Ty 28 1
PHERTIEBRICEE ARV, R—Y v I AT TFY—KE 1 L 18 M EDGE. Fv 2 BH
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(K Al K H)

5.5.2 FREDM

A 2 TMIEIT & > TR ORERIC AR D GFIET 5 Z LML, UL, E2I0h
HEEDGET HODDRAD SR, TDDE SITHERIF Y OWILIC A EA LN EET 50
BEBET, HERENRY LT 2 ON AR T 5= 0BENE1T 5, BAM I CRALHEA
LS 2 B U SR A (L5 18 1.96 & D K F WA £-1.96 & 0 /NS WA ICH R
KWBDENhD, HEFAEEEEIIR 5.3 THEE NS,
LB SR
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#*5.16  FHEEHT AR LR A

Ty 7 B Ty I
s | BRI | S | BB RS

R=YYITANTTI— 7.63 -7.63 6.02 -6.02
R=VWIANTTV—NE1 6.50 -6.50 4.73 -4.73
R=VWIANTTV—NE 2 4.00 -4.00 4.95 -4.95
15 Bz 2 TRy NI 5K 5.18 -5.18 -1.22 1.22
16 A EIZBETLy NS HHRRK | -1.63 1.63 -4.56 4.56
17 A Bz 2 Ty NI A | -5.37 5.37 -8.75 8.75
18 A EIZmBETR Yy NI AHEIE | -16.31 16.31 -1.17 1.17

#5.16 TRRENFTNOWIETOT v 2 BUEIRE 1 DLGA DD & 5 LA O FHE7 A e L5k
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D, L2 ERDTR=V Y AT TV —DBFESDBITIENDEIEDRES XD ARICE o7k
WS ZEDnh B,
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ANTTYU—WE2, 15U EICRE2ETy MTAHIRTORSDHEEMN 1.96 2 A TH D IFh
DG L WV EFIZZ W D5, WIZ 1T EICARZE Ty T AHIEE 18 L kit 5 %
Tk vy T LIRSS DIHE2-1.96 % F[El - 72D TIZA DG & b AEIZADZR N,

TYIB1E2RZE, R=VY Y ITAPTTI—RR=—VYY I ANTTI—HEL, "=y TR
NI TFY—WE2DOBLEDIEEMN 1.96 ZBATE D IEFLOEIEL D ERIZZWNI LD Gh 5, ¥
216 LRIz E£FThy bIAHIEE 17 L EIZAmB E TRy NI AHIRIIES DIEHED-1.96 %
5 72D TIEP OIS & b FRZITHN,

RV IANTTFI— RV IZARTTFI—RE L, R=V Y IANTTFI—RE2D 3
DTV ZBIZBERBRSBLRAERIZIZ VI 2B h5E, HIZ, 1T EIZkEEFTrey T 5
BT Y 2B b 0 R BB RERIZDR NI L5,

(PSCER: Hifile K p)

5.5.3 ZEIK

BRADIZ L > TRMIEO L ZITHBEREVD DD 0oz, LU, HilE & MO IZ A&
REDDH BZMIDLN LR, TDD, ZEIKEZTV., MBHEIZTERRERD 508 5 &R
35,

ZELIKRETOBE, MtV 7O R 2MHLZ, R 2HHT 2. FA (2010) @ pai-
wise.prop2.test % {fH U 7z, fisher O IEHEMERMRE Z H W T, MK D p iz T RTHEE L.
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p ffi% holm ECHEZ M T, p EAY0.05 ATFDEGAE, AELEND S, plEH0.05 L KEW
BE. BRRBENDTWE TS, TNER51T ER5I8I1IZF DT,
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R=Yy I ANTTV-UE 1 Bkt 0.1
R=yy ) ANT7I-UE 1 (p fh) 1.000
R=Yy I ANTTV-UE 2 Bkt 05 0.4
R=Yy ) ANT7I-UE 2 (p fh) 0.109 0522
15U ERRBETE Y M ABHK Bk 03 02 02
15U ERRBETEy MM (p i) 0522 1.000 1.000
16 LB BTy MY BHH Bkt 13 1.2 08 10
16U EBBETEy b BHE (p i) 0 0 0.002 0
1T EIB2ETEy M AR Bkt 18 18 13 15 05
ITUERBBETEy b BHE (p i) 0 0 0 0 0
18U ERRBETL Y M AUHE Bk 34 33 29 3.1 21 16
8B EIBAETEy M AR (p fH) 0 0 0 0 0 0

#5.18 Ty I 1 DLEMLIK
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R=Yy I ANTTV-UE 2 Bkt 0.1 0.1
R=Yy )AL 77 9-UE 2 (pfH) 1.000 1.000
15 EBAE Ty M A Bk 1.0 08 09
15U EIRAETEy T A8 (p 1) 0 1.001 0.001
16 X kB F Ty M AMIE Bk 13 13 14 05
165 L RAE Ty M A8 (p 1) 0 0 0 0158
1T EBA LTy MM Bk 21 21 20 11 06
1T EBAETEy M AR (p f) 0 0 0 0 0.042
18 M BB E Ty M AMIK Bk 10 10 09 0 05 -11
8Bk B E Ty M AR (p ff) 0 0.001 0.001 1.000 0158 0

£5.17 L ERK5I8IEZTNTNOMIEZ LI UG5 DOBEREL pfik D 2 DOIEHTHEK I T
B0, BREDNT I ADGE, MIOWIKEDIZS BRVR W 12k b, BIZIE #AR—2y
JANTTFV—, BB 15 A EIZREE Ty T AMEOE S E RS L, BEEA 1.0 Tp fEH
027> TW5, plint0.05 KD/NXVWEOR—=Yy 7 ANTTFY—2 15U EIZREETLY b
TOMMORIOBRICERERAENMFETIILITRD, R=Y VI ANTTFIV—0DIF 5 BPFERN
LOBEWE WS Z itk b,
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JASZTYU—E2, 15U EICAZETEY P REE

V

16U EICA2 £ Ty FT 2B, 17T EE T v F 9 288
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18U EIcARZETE Y MT D EES
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FITYU—WE 2D 3 DITBRICERLENFELZ Y, 15 LEIZRS Ty b3 5B, 16
ARz 5ETey oML 18 L EIZZRB £ Ty NI HHIED 3 DICARBRENFELR
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WEIR=VYIANTTY—WE 2 OEIE, 15 & 16 & 18 A EiZib Ty NI 5%, 17
PlbhizimadEThy bEaHlIgE 25, TNEM 5.2 TRT,

NPy IR RTTI= "=y IR R FTI—UEL
N=Uy U2 R 57O —BE2

V
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5.6 HBHMAEEL-MELEKRE ZOER
5.6.1 K EBE D MR

SEIEY I ab—Yarhr o BRI ORRE EH U EHMEE VT, SISO EE L%
fio7z, MREDORMEFLITO @Y 2 HE L,

PERE 1. (B53R) + (HEMEME)

PERE 2. (B53R) — (HEHEME)
ZOFHEEEEIZE - T, Ty 781 OROMWREEEZ XK 5.19, T v 7 BUIERO K OMEREE £ 5.20 (2%
7z,

#5.19 T v 71 OROAHEEOVERE

LI JEREER | BEER | AEAEME | PERE 1 | PERE 2
N=YYIANTTV— 26 | 0431 | 0.325 | 1.33 | 0.106
N=YwIAITY—WAL] 24 | 0429 | 0.300 | 1.43 | 0.129
N=YWIATTY—WE 2 22| 0430 | 0275 | 1.56 | 0.155

15 A EiZ b £ Ty b3 kI 16 0.421 | 0.200 2.11 0.221
16 L EIZR B £ Tl v M3 2K 16 0.416 | 0.200 2.08 0.216
17 AR5 £ Ty b3 2HkI 16 0.410 | 0.200 2.05 0.210
18 L EIZR B Tl v M9 2HEHE 16 0.421 | 0.200 2.11 0.221

#5.20 T v 7 BUERR OO KIS O MERE

Y JEfAR | B | WIMEME | PERE 1 | MERE
N=YYIANTTV— 26 | 0427 | 0.325 | 1.31 | 0.102
N=Yw I AT TY—WEL 24 | 0424 | 0300 | 1.41 | 0.124
N=YYIAPTTY—WE2 22 | 0414 | 0275 | 1.51 | 0.139

15 L EIC 5 £ T v M3 2R 16 0.424 | 0.200 2.12 0.224
16 A BT 5 £ Tl v b3 2k 16 0.414 | 0.200 2.07 | 0.214
17 L EIZ 5 F T v M3 2K 16 0.409 | 0.200 2.05 0.209
I8 L EIZR B £ Tl v M3 BHLMK 16 0.393 | 0.200 1.97 | 0.193

B LB L, IRD &K S kiR 2572, BROAEZERL GG, —EOBTFLULIZRD ET
by hIAMIEEDE, RV I AT TV—LENEZWE L IR XA RITEVEEER 5
Too R=Y Y IZANITTV—EWE 1, BE2DENTNOMIKENIZIZAEZELED R oNRD -
Too BHMMEZZE LU CHRZFMU 7256, Ty 781 ORIE 15 LEICA25 £ T v b9 54
& 8 EIZRSE Ty M M RO IR NP o7z, T v 7 BIEROKIZ, 156 M LIZAk
5E Ty MM BB MREN R 5 72,
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T, MEOBEOAIZEH L TV, UL, EBOT I I Vv vy 7 DT —AZEWTITHIED
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B6E BTHMTILITYILAL

6.1 EEM7ILITYILAL
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WS T —=AE, BRSNS RNIZEX > THROTLVAIIBIT 27— FOHBIERVLE T
%, TOOHEMERTT —LDOH#fTE2RETI2OFEHEDL ZAWNEETHY, TV Y —DIFH)
T — LDFERD A EHWTHIEOR#ELZ1T 5 BERD 5,

/. TV I TY v I OEIKIZ 1817 10 FIORTRT Z LA TE S, Hffiicey b, AX VK
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ATHE AR D A 1
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LA U7 DMEREIZHIYS T 5,

Ihpo, BENTLITY) XLZEWTHEEPRED LS IZRBEINEDNITOWTEETI—
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%, (EAEOHEISEDERARL I > TWD I ENRARE UTHRI NS A, BB SR 0 it 13E
R EREZLTWE R, BN EEEREID 5RERI L TWEEEZ 6N 5,
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Listing 14.1 card.py

class Card:
RANKS = ()A)’ )2)’ 73)’ 147’ 751’ 167’ )71’ )8)’ Jg)’ 7107’ )‘]’1’
SUITS = (’Spade’, ’Heart’, ’Diamond’, ’Club’)

def __init__(self, rank, suit):
self.rank = rank
self .suit = suit

self.value = int(self.getvalue())

# translate rank to number
def getvalue(self):
if self.rank == ’A’:
return 11

'Q’,

elif self.rank == ’J’ or self.rank == ’Q’ or self.rank == ’K’:

return 10
else:
return self.rank

YK?)

Listing 14.2 dealer.py

class Dealer (GamePlayer):
def __init__(self, deckNum):

self.deck = Deck(deckNum)
self.totaldealerhandlist = [0] * 6
self.shufflenum = 10000
self.deck.shuffle(deckNum * self.shufflenum)
# running count
self .IRC = 0O

super () . __init__Q)

# to give out card

def dealcard(self):

# Assumption infinity deck
card = Card(Card.RANKS[random.randrange(13)], "spade")
return card
# Assumption limited deck
# HiLow
card = self.deck.Cards/[self.deck.current]
1f 2 <= card.value <= 6:
self.IRC = self.IRC + 1
elif 10 <= card.value <= 11:
self.IRC = self.IRC - 1

self.deck.current += 1
if self.deck.current == len(self.deck.Cards):
self.deck.current = 0

return card
wun

# initial give out card
def firstdeal(self, player):
super () . __init__Q)
for x in player:
x.initialize ()
firstdeal = 2
while firstdeal > O:
self.cards.append(self.dealcard())
for x in player:
x.cards.append(self.dealcard())
firstdeal -= 1

# process until sum of hand be upper 17
def continuehit (self):

self.totalvalue ()

while (self.total < 17):
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49 self.cards.append(self.dealcard())
50 self.totalvalue ()

Listing 14.3 gamemanager.py

1 class GameManager:

2 def __init__(self, players, dealer):

3 self .players = players

4 self.dealer = dealer

5 self.checkdeal = True

6

7 # judge dealer and each player

8 def judge(self):

9 for x in self.players:

10 self.checkblackjack(x)

11 self.checkblackjack(self.dealer)

12 for player in self.players:

13 if not player.surrendeflg:

14 if player.burst == True:

15 if player.tag == "clone":

16 for i, x in enumerate(self.players):

17 if x.name == player.name:

18 self .players[i].addtotallose(player.betMoney)
19 break

20 player.addtotallose (player.betMoney)

21

22 elif player.burst == False and self.dealer.burst == True:
23 # flag that player splits

24 spflg = False

25 for x in self.players:

26 if x.tag == "clone":

27 spflg = True

28

29 if player.tag == "clone":

30 for i, x in enumerate(self.players):

31 if x.name == player.name:

32 if player.naturalbj and not spflg:
33 self.players[i].addtotalwin(player.betMoney*1.5)
34 break

35 else:

36 self.players[i].addtotalwin(player.betMoney)
37 break

38 if player.naturalbj and not spflg:

39 player.addtotalwin(player.betMoney*1.5)

40 else:

41 player.addtotalwin(player.betMoney)

42

43 elif player.total > self.dealer.total:

44 spflg = False

45 for x in self.players:

46 if player.tag=="clone":

47 spflg = True

48

49 if player.tag == "clone":

50 for i, x in enumerate(self.players):

51 if x.name == player.name:

52 if player.naturalbj and not spflg:
53 self .players[i].addtotalwin(player.betMoney*1.5)
54 break

55 else:

56 self.players[i].addtotalwin(player.betMoney)
57 break

58 if player.naturalbj and not spflg:

59 player.addtotalwin(player.betMoney*1.5)

60 else:

61 player.addtotalwin(player.betMoney)

62

63 elif player.total < self.dealer.total:

64 if player.tag == "clone":

65 for i, x in enumerate(self.players):

66 if x.name == player.name:

67 self .players[i].addtotallose(player.betMoney)
68 break

69 player.addtotallose (player.betMoney)

70

71 elif player.total == self.dealer.total:

72 if player.naturalbj and self.dealer.naturalbj:
73 if player.tag == "clone":

74 for i, x in enumerate(self.players):
75 if x.name == player.name:

76 self.players[i].addtotaldraw ()
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Beat the Dealer! Mathematics of Complex Systems and Simulation.

break
player.addtotaldraw ()
elif player.naturalbj and self.dealer.normalbj:

if player.tag == "clone":
for i, x in enumerate(self.players):
if x.name == player.name:
self .players[i].addtotalwin(player.betMoney * 1.5)
break

player.addtotalwin(player.betMoney * 1.5)
elif player.normalbj and self.dealer.naturalbj:

if player.tag == "clone":
for i, x in enumerate(self.players):
if x.name == player.name:
self.players[i].addtotallose(player.betMoney)
break

player.addtotallose (player.betMoney)
elif player.normalbj and self.dealer.normalbj:

if player.tag == "clone":
for i, x in enumerate(self.players):
if x.name == player.name:
self.players[i].addtotaldraw ()
break
player.addtotaldraw ()
else:
if player.tag == "clone":
for i, x in enumerate(self.players):
if x.name == player.name:
self .players[i].addtotaldraw ()
break

player.addtotaldraw ()

# discriminate mnatural or normal blackjack
# given player or dealer as input
def checkblackjack(self, player):

if player.total == 21:
if len(player.cards) == 2:
player .naturalbj = True
else:
player.normalbj = True

Listing 14.4 gameplayer.py

class GamePlayer:

def __init__(self):
self.cards = []
self.total = 0
self .acetotal = 0
self .usedace = 0
self .burst = False
self .naturalbj = False
self .normalbj = False
self .surrendeflg = False

def initialize(self):
self.cards = []
self.total = 0
self.acetotal = 0
self .usedace = 0
self .burst = False
self .naturalbj = False
self .normalbj = False
self.surrendeflg = False

# This function returns sum of player hand
def totalvalue(self):

i=0

self.total = 0

self.acetotal = 0

cardnum = len(self.cards)

while i < cardnum:
if self.cards[i].rank == ’A’:
self.acetotal += 1
self.total += self.cards[i].value
i += 1
self.total -= 10 * self.usedace

# jundge bust of player

if self.total > 21:
if self.acetotal - self.usedace > 0:
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self.total -= 10
self .usedace += 1
if self.total > 21:
self .burst = True
else:
self .burst = True

Listing 14.5 main.py

def main(strategy):
# create player instance
pl = Player("playeri™")

# add player who joins game

players = [p1]

# create dealer instance

# the argument exzpresses deck num used in game

dealer = Dealer (6)

# this wariable exzpresses cutcard
cutcard = len(dealer.deck.Cards) / 2

totalGameNum = 40
remainingGameNum = 0

minbet = 10
maxbet = 10000

trial = 50000

trialNum = trial

Split Strategy = [[HHII’ I|H|I’ |IPI|’ I|P|l’ IIPH, ||Pll’ IIH||, |IHI|’ I|H|I’ |IHI|]’ # 2’2
[upn’ npu’ upn’ "P", IIPH’ "P", "H", "H", "H", IIHH]’ # 3,3
[an’ "H", "H", "P", "P", “H", "H“, "H", "H", "H"], # 4’4
[|IDII’ I|D|I’ |IDI|’ I|D|l, IIDH, ||Dll, I|D||’ |IDII’ I|H|I’ |IHI|]’ # 5’5
["P", npu’ “P", "P“, "P", "H", "H", “H", "H“, "H"], # 6,6
[!IPII’ I|P|I’ |IPI|, I|P|l’ IIP", ||Pll, IIH||, |IHII’ I|H|I’ |IHI|]’ # 7’7
[upn, npu’ "P", npu, IIPH, "P", npn’ "P", npu’ upn]’ # 8,8
["P", "P", “P", "P“, "P", "S", "P", “P“, "S“, "S"], # 9,9
[!ISII’ l|s|l’ |ISI|’ I|S|l’ IISH, ||Sll’ lls||, |ISI|, l|s|l’ |ISI|]’ # 10’10
[upn, "P", upn’ npu’ IIPH’ "P", "P", "P", "P", IIPH] # A,A
]

while True:
# main loop
remainingGameNum = totalGameNum
dealer.deck.shuffle(dealer.shufflenum)
players [0] .money = 1000
dealer.IRC = 0
if trialNum \% 100 == O:
print (trialNum)

while True:
if remainingGameNum \% 100 == O:
print (remainingGameNum)

# T—LEROIENCT Y FOHISHY MH—RAHTETWEAEREL, HTETVWAIE, TyFES vy T
EX)

# BRTYIVOBEDY vy 7ILEITIIAI VT DR

if dealer.deck.current > cutcard:
dealer.deck.shuffle(dealer.shufflenum)
dealer.IRC = -20

nwnn

# TVZVTHAIY ML o THITEEELSED
# SEIGHigh-E&EBRLTWS Low
rc = 1
if dealer.IRC <= 1:
rc = 1
else:
rc = dealer.IRC

if players[0].money == O0:
money_list.append(None)
card_num_list.append(None)
# —TDuNE

remainingGameNum -= 1
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Beat the Dealer! Mathematics of Complex Systems and Simulation.

if remainingGameNum <= O:
break

# &BTLAVY—DORYy k
for player in players:
if player.money < minbet * rc:
player.bet (player.money)
else:
player.bet (minbet * rc)

# BMT LAV —OMEPLERTER, T —F—vE&TLAv— (BEFED) KOBHI—REED
dealer.firstdeal (players)

# ETLAY—DOREEEH
for player in players:
player.totalvalue ()

# YLV —0EREZRET D

surrenderCounter = 0

# 27y hOBRES T Y OEHETET D
spCounter = 0
ddCounter = 0

# ATy NTBHEINEHRT D

for i, player in enumerate(players):

if player.cards[0].rank == player.cards[1].rank:
usermessage = split_strategyl[player.cards[0].value - 2][dealer.
cards [0] .value - 2]
if (usermessage == P’ or usermessage == ’p’) and player.money > 2

* player.betMoney:
# TLAv—0oO0—VEERL, T—LIZBMTE LA Y—& L TENERT S
playerClone = Player (player.name,money=player.money - player.
betMoney, betMoney=player.betMoney, tag="clone")
players.insert(i + 1, playerClone)
spCounter += 1

# VA=V LAY —DFLTVWEh— NEe—HEY
playerClone.dealedcard(player.cards[1])
del player.cards[1]

# BAFHOBRENHLT 24
player.usedace = 0
playerClone.usedace = 0

# TLAv—&/0—VICh—REBRYVET
player.dealedcard(dealer.dealcard ())
playerClone.dealedcard(dealer.dealcard())

for player in players:
if player.tag == "clone'":
players [0].totalsplit += 1

# BETLAY—ICH L TRk 1RRT 5
for player in players:
while True:
# TLAV—DBRER—Y Y IR ISTFI—ITA>TITDNZEDET S
# TLAVY—DFHICA(11)DES>TVWBIBR

if player.acetotal - player.usedace > O:
usermessage = strategyl[player.total + 6][dealer.cards[0].value
- 2]
# TLAY—OFMNICA (1) HE>TWERWMEE
else:
usermessage = strategyl[player.total - 4][dealer.cards[0].value
- 2]

# —ERGETTT LAY —DEBREBEAZEOLE

# TLAY—OBRICK TE ORI % il
# TLA4v—pkey bEBRLEBE
if usermessage == ’H’ or usermessage == ’h’:
player .hit (dealer)
if player.burst:
break

# TLAY—02R8 Y RERRLIEE

elif usermessage == ’S’ or usermessage
player.stand ()
break

1]
1]
n

# TLAVY—DYTINE IV ERIRLIIGE
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elif usermessage == ’D’ or usermessage == ’d’:
if players[0].money -spCounterx*players[0].betMoney - ddCounterx*
players [0].betMoney > player.betMoney * 2:
# By MRICIZS TG Y Y OFRTH
if len(player.cards) == 2:
player.doubledown (dealer)
ddCounter += 1
break
else:
player.hit (dealer)
if player.burst:
break
else:
player .hit (dealer)
if player.burst:
break

# TLAV—DYL VI —%2BRLIBE

elif usermessage == "R" or usermessage == "r":
# By NMRIZIEY L VS —DBIRTH
if len(player.cards) == 2:
player.surrender ()
if player.tag == "clone":
players [0] .totalsurrender += 1
surrenderCounter += 1
break
else:
player .hit (dealer)
if player.burst:
break
# TA—T7—13%BABETEY MEREITDH 17
dealer.continuehit ()
# OWEL GameManager
gamemanager: GameManager = GameManager (players, dealer)

# BREHET S

gamemanager . judge ()

# VO—VEHIBRT D
while True:
cloneflg = False
for i, player in enumerate(players):
if player.tag == "clone":
del player
del players[il]

cloneflg = True
if not cloneflg:
break
# —TDuNE
remainingGameNum -= 1
if remainingGameNum <= O0:
break
trialNum -= 1

Listing 14.6 player.py

class Player (GamePlayer):
# TLAv—DHEIL
def __init__(self, name, money=0, betMoney=0, tag="player"):

# TL4v—%

self .name = name

# FifEe

self .money = money

# Ny MEVO—VICEZETHRICERY 2 O
self .betMoney = betMoney

# RETBAEE. BEAEEE. 5127 EHK
self.totalwin = O
self.totallose =
self.totaldraw =
self.totalsplit = 0
self.totalsurrender = 0
self.totalplayerhandlist = [0] * 12
# BRI LRI h DR

self.winlose = ""

# TLAv—&o0—VERMID

self.tag = tag

self.debagtxt = ""
super () . __init__Q)

0
0
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Beat the Dealer! Mathematics of Complex Systems and Simulation.

# TLAVY—ICHh—REES & ZICHERT ZEH

def dealedcard(self, card):
self.cards.append(card)
self.totalvalue ()

# TL4v—flloky bDunE

def hit(self, dealer):
self.dealedcard(dealer.dealcard())
self.debagtxt += "H"

# TLAvY—RIOR% > ROuNE
def stand(self):
self .debagtxt += "S"
pass

# TLAY—BOTTINE Y VDR

def doubledown(self, dealer):
self.debagtxt += "D("
self .betMoney *= 2
self.hit (dealer)
self.stand ()
self.debagtxt += ")"

# YLv¥—nng

def surrender (self):
self .debagtxt += "R"
self.totalsurrender += 1
# self.surrenderflg = True
self .money -= self.betMoney/2

# TLAv—RIO~y bOWNE
def bet(self, betMoney):
self .betMoney = betMoney

# TLAY—DA>V>a15Y ADNE
def insurance(self, dealer):

if dealer.cards[0] + dealer.cards[1] == 21:
self .money += self.betMoney

else:
self .money -= self.betMoney/2

# BEOFNERTTBUI
def showhands(self):
for x in self.cards:
print(’/’, x.suit, x.rank)
print ("---total---:,", self.total, "\n")

# TLAVv—OBFEREEPY

def addtotalwin(self, money):
self .money += money
self.totalwin += 1
self .winlose = "win"

# TLAY—0OBIEHEEP T
def addtotallose(self, money):

self .money -= money
self .totallose += 1
self .winlose = "lose"

# TLAY—OBENTEREELT

def addtotaldraw(self):
self.totaldraw += 1
self .winlose = "draw"

Listing 14.7 geneticalgorithm.py

import random

import numpy as np

import pickle

from multiprocessing import Pool

class GA:
def __init__(self, Np, Ng, Pc, Pm, locus_num):
self .Np = Np HEBEFE (population number)
self .Ng = Ng #mAMA (generation number)
self.Pc = Pc #RXXE (probability of clossover)
self .Pm = Pm  #3RARERXK (probability of mutation)
self.locus_num = locus_num #EEFE

def Solve(self, func):
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15 group_hist = list ()

16 self.fitnessfunc = func

17 p = Pool(10)

18

19 #ERAEARSEE

20 for i in range(self.Ng):

21 #HEKZ & DBEHEZFTE

22 evaluation = p.map(self.GetFitness, self.group)
23 if i > 0:

24 #T') — MEK & RBETFMEEDANE X

25 low_i = np.argmin(evaluation)

26 self .group[low_i] = elite

27 evaluation[low_i] = elite_score

28 #BEDRF

29 if i % 10 == 0:

30 with open(’progress{}.dat’.format(int(i/10)), ’wb’) as f:
31 savedata = list(zip(self.group, evaluation))
32 pickle.dump(savedata,f)

33 group_hist.append(self.group)

34 #EGELGIRIRIC K > TRERZRE

35 fitness = [e/sum(evaluation) for e in evaluation]
36 candidate = [self.Selection(self.group, fitness) for j in range(self.Np)]
37 #T ) — MEFEE O DR

38 elite_i = np.argmax(evaluation)

39 elite = list(self.grouplelite_il)

40 elite_score = evaluation[elite_i]

41 #E S DIEIREE

42 newgroup = list ()

43 #RERDZEH

44 while len(newgroup) != self.Np:

45 #RXR D= DIR%ERTE

46 parentl = self.Selection(self.group, fitness)
47 parent2 = self.Selection(self.group, fitness)
48 #RXE L IEIE—%ERR

49 children = list ()

50 if random.random() < self.Pc:

51 children = self.UniformCrossOver (parentl, parent2)
52 else:

53 children.append(parentl)

54 children.append(parent2)

55 #RNER % B

56 for child in children:

57 self.Mutation(child)

58 newgroup.append (child)

59 self.group = list(newgroup)

60

61 with open(’garesult.dat’, ’wb’) as f:

62 pickle.dump (group_hist, f)

63

64 def GetFitness(self, individual):

65 fitness = self.fitnessfunc(individual)

66 return fitness

67

68 def Mutation(self, individual):

69 for i in range(self.locus_num):

70 if random.random() < self.Pm:

71 individual [i] = ’1° if individual[i] == ’0’ else ’0’
72

73 def CrossOver (self, parentl, parent2):

74 return self.UniformCrossOver (parentl, parent2)

75

76 def UniformCrossOver (self, parentl, parent2):

7 childl = list ()

78 child2 = 1list ()

79 mask = [0 if random.random() < 0.5 else 1 for i in range(self.locus_num)]
80 for i,mb in enumerate (mask):

81 if mb == 1:

82 childl.append(parent2[i])

83 child2.append (parent1[i])

84 else:

85 childl.append(parent1[i])

86 child2.append (parent2[il])

87 return [childl, child2]

88

89 def Selection(self, group, fitness):

90 return self.FitnessProportionalSelection(group, fitness)
91

92 def FitnessProportionalSelection(self, group, fitness):
93 choiced_index = np.random.choice([i for i in range(len(group))], p=fitness)
94 candidate = groupl[choiced_index]

95 return candidate

96

97 def GenerateGroup(self, individual_num):
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self.group = [self.GenerateIndividual() for i in range(individual_num)]

return

def GenerateIndividual (self):

individual = list ()
for i in range(self.locus_num):
num_str = ’0’ if random.random() < 0.5 else ’1°

individual.append (num_str)
return individual

Listing 14.8 searchbyga.py

import numpy as np

import sys

import argparse

import json

from geneticalgorithm import GA
import BlackJackSimulator
import pprint

def simulate(individual):
score = 1
#EMER DR
strategy = [’0’ for i in range(8%10)] #hit from 4 to 11,hard hand
strategy.extend ([individual[i] for i in range (9%10)])
strategy.extend([’1’ for i in range(10)1])
strategy.extend([individual [i+90] for i in range(9%10)1])
strategy.extend([’1’ for i in range(10)1])
strategy = list(np.array(list(map(lambda x: ’H’ if x == ’0’ else ’S’,
(28, 10))
#r—LDYIal— b
config = dict ()
config[’maxbet’] = 1
config[’minbet’] = 1
config[’gamenum’] = 50000
config[’decknum’] = 1
config[’exportresult’] = False
config[’exportdebug’] = False

result = BlackJackSimulator.main(strategy, config)
totalwin = result[0][’totalwin’]

#EREMEEDOBCFOIDHEE ()

count = 0
for row_i in range (18):
before = ’B’
for col_i in range (10):
if not (individual[row_i*10+col_i] == before):
count += 2
before = individual [row_i*10+col_i]
win_rate = totalwin / 50000

complexity = count / 180
score = win_rate - complexity + 10

return score

if __name__ == ’__main__"’:
#AX Y RS54 VBIHICDOVWTDRE
parser = argparse.ArgumentParser (

prog="searchbyga",
usage="python,searchbygay[simulator config filel",
description="",

epilog="",

add_help=True

)
#ETIRET 71 IVEIEET B8I18 G4
parser.add_argument (
"simulatorconfigfile",
help="Theyjsonyfile what configuresygaysimulation."

args = parser.parse_args ()

#232L—YaVORET 7 A I EHHAL
with open(args.simulatorconfigfile, "r") as f:
datadic = json.load(f)
Np = datadic[’population_number’]
Ng = datadic[’generation_number’]
Pc datadic[’probability_crossover’]
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69 Pm = datadic[’probability_mutation’]

70 locus_num = datadic[’locus_num’]

71

72 ga = GA(Np, Ng, Pc, Pm, locus_num)

73 ga.GenerateGroup (ga.Np)

74

75 for i in range(5):

76 basicstrategy = list ()

77 basicstrategy.extend([’h’,’h’,’s’,’s’,’s’,’h’,’h’,’h’,’h’,’h’])
78 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’h’,’h’,’h’,’h’,’h’])
79 basicstrategy.extend([’s’,’s’,’s’,’s’,’s”,’h’,’h’,’h’,’h’,’h’])
80 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’h’,’h’,’h’,’h’,’h’])
81 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’h’,’h’,’h’,’h’,’h’])
82 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,%s’,’8’,’s7])
83 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,%s8’,’8’,7s’])
84 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’s?,’s’,’s?,%s’,’s’])
85 basicstrategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,%s’,’8’,’s7])
86

87 basicstrategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h*])
88 basicstrategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])
89 basicstrategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’, h’, h’])
90 basicstrategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h"’])
91 basicstrategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])
92 basicstrategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])
93 basicstrategy.extend([’S’,’S’,’8’,’S?,”8°,’8’,’S?,’h’>,’h’,’S’])
94 basicstrategy.extend([’S’,’S’,’S8’,’S?,”8’,’8’,’8?,78°,°8?,°8°])
95 basicstrategy.extend([’S’,’S’,’S?,’8’,°8?,78?,’5°,°S?,°8?,°8°])
96

97 for j,x in enumerate(basicstrategy):

98 basicstrategy[j]l = ’0’ if x == ’H’ or x == ’h’ else ’1’

99

100 ga.group[i] = basicstrategy

101

102 for i in range(5):

103 strategy = list ()

104 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

105 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

106 strategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,’s’,’s”,%s])

107 strategy.extend([’s’,’s’,’s’,’s’,’s?,’s’,’s’,’s?,%s?,°s8’])

108 strategy.extend([’s’,’s’,’s’,’s’,’s?,’s’,’s’,’s?,%s?,°s’])

109 strategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,’s’,’s’,%s])

110 strategy.extend([’s’,’s’,’s’,’s’,’s?,’s’,’s’,’s?,%s?,°s’])

111 strategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s’,’s’,’s’,7s])

112 strategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,’s’,’s’,%s])

113

114 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

115 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

116 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

117 strategy.extend([’h',’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

118 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

119 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

120 strategy.extend ([’S’,’S?,’S8’,°8?,°8?,°8”,°S?,’h’,’h’,’S’])

121 strategy.extend([’S’,’S’,”S’,’8’,’S8?,7S8?,°8?,°8?,78?,°8°])

122 strategy.extend([’S’,’S’,’S’,’8”,’s8?,’8’,°S?,’8?,°8°,°5’])

123

124 for j,x in enumerate(strategy):

125 strategy[j] = °0’ if x == ’H’ or x == ’h’ else ’1°

126

127 ga.group[i+5] = strategy

128

129 for i in range(5):

130 strategy = list()

131 strategy.extend ([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

132 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

133 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h*])

134 strategy.extend ([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’*])

135 strategy.extend([’s’,’s’,’s’,’s’,’s?,’s’,’s’,’s?,%s?,°s’])

136 strategy.extend([’s’,’s’,’s’,’s’,’s’,’s?,%s’,’s’,’s?,7s"°])

137 strategy.extend([’s’,’s’,’s’,’s’,’s?,’s’,’s’,’s?,%s?,°s8’])

138 strategy.extend([’s’,’s’,’s’,’s’,’s?,’s’,’s’,’s?,%s?,’s’])

139 strategy.extend([’s’,’s’,’s’,’s’,’s’,’s’,’s?,’s’,’s’,7s])

140

141 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

142 strategy.extend ([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’*])

143 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

144 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h*])

145 strategy.extend ([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

146 strategy.extend([’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’,’h’])

147 strategy.extend ([’S’,’S’,’S8’,’S8”,°8?,’5’,°S?,’h’,’h’,’S])

148 strategy.extend([’S’,’S’,”S’,’8’,’8?,°S8?,’8’,°87,78°,°8°])

149 strategy.extend([’S’,’S’,”S’>,’8’,’8?,7S8?,°8?,°8?,78?,°8°])

150

151 for j,x in enumerate(strategy):
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158

161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179

181
182
183

Beat the Dealer! Mathematics of Complex Systems and Simulation.

strategy[j] =

ga.group[i+10] =

0

for i in range(5):

strategy

strategy.

strategy

strategy.

strategy

strategy.
strategy.
strategy.
strategy.
strategy.

strategy.
strategy.

strategy

strategy.

strategy

strategy.
strategy.
strategy.
strategy.

= 1list ()

extend ([’h’,
.extend ([’h’,
extend ([’h’,
.extend([’s’,
extend ([’s’,
extend([’s’,
extend([’s’,
extend([’s’,
extend([’s’,

extend([’h’,
extend ([’h’,
.extend ([’h’,
extend ([’h’,
.extend([’h’,
extend ([’h’,
extend ([’S’,
extend ([’S’,
extend ([’S’,

if x

strategy

‘h°,
‘h?,
‘h?,
s,
s,
s,
s,
s,
s,

‘h?,
‘h°,
‘h?,
‘h?,
‘h?,
‘h?,
'S0,
'S,
'8,

‘h?,
‘h?,
‘h?,
s,
s,
’s,
s,
s,
’s,

‘h?,
‘h?,
‘h?,
‘h?,
‘h?,
‘h?,
'S,
'S8,
'8,

TH?

g

for j,x in enumerate(strategy):

strategy[j] =

ga.group[i+15] =

100

ga.Solve(simulate)

if x

strategy

TH?

‘h?,
’h?,
‘h?,
s,
s,
’s?,
s,
s,
’s,

‘h?,
‘h?,
’h?,
‘h?,
‘h?,
‘h?,
'S,
s,

’h?,
’h?,
‘h?,
’s7,
’s,
',
’s7,
’s0,
',

Ih)’
Jh)’
}h),
!h)’
)h),
Ihl’
7S)’
7SJ’
SELN

’h?,
’h?,
‘h?,
’s7,
’s7,
’s?,
’s7,
’s,
',

’h?,
’h?,
’h?,
‘h?,
’h?,
’h?,
'8,
'8,
'8,

h?

‘h?,
’h?,
‘h?,
’s7,
',
’s?,
’s7,
’s7,
',

‘h?,
‘h?,
’h?,
’h?,
’h?,
’h?,
'S0,
'8,
'8,

else

else

‘h?,
‘h’,
‘h?,
’s?,
',
’s?,
’s7,
',
’s?,

‘h?,
‘h?,
‘h’,
‘h?,
‘h?,
‘h?,
‘h?,
'8,
'8,

110

Th?
‘h?

)h’,
,’871)
,’s7])
,7871)
,?8°1)
,’28°1)

1
g0
1
g
g0
1

‘h?

,h),
,’h’ 1)
)h’,
,’h’ 1)
,’h’ 1)
,7871)

‘h?

Th?
‘h?
Th?
180
g

’h’])
’h’1)
'h?])

)SJJ)

’h’])
’h’])

>h’])

’s° 1)
’S° 1)

Group Report of 2018 SISP

- 106 -

Group Number 3




