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Abstract

The purpose of this study is to conduct learning for the game ’En Garde’ using Q-
learning. En Garde is a competitive card game characterized by randomly distributed
cards and the inability to see the opponent’s hand. Two methods are used for learning:
one using a Q-table and the other using a Deep Q-Network. The Al was evaluated by
competing against the basic policy of En Garde. As a result of the learning, the method
using the Q-table was able to win against the basic policy with an 80% probability, and

the Deep Q-Network method with a 70% probability.
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2.1 BmEZEY?

BEM2E (Machine Learning) & Z ANTHIAE (A) Z/E T % 1 FET, arBa—&IZ
T—=RE2EZTNN— AR =V 2B, TRl -2 TEDH5ZLT
DR TR ZAREL T 5 FETH 5, WMAEFIIRE S TEED h2E ) TR L
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22 Za—3FI)I%*y kT—=7 (Neural Network)®

Za—In%y =2 id ANEOMREHROE 2 7 a 7S A THBE L, HEb
HHEED1IFETH S, =2 -ty MV —7 DGR Figure 2.1 1R T, —a2—
INFY VT =23 EBD A=t b v ERy b —ZRICOREEDE LR L
TEH. ANE (Input). FEE (Hidden Layer), #7718 (Output Layer) ® 3 DDJET
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Figure 2.1 Neural network.
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Figure 2.2 Perceptron.

7 Y DANEFCEIZIFET %0 b 13NA TREFINLGET =T+ r Y
W 1DOBFEET %, BAEAL TREF -k T oy ONEERTH 2, fIFTEHEL
%ﬁtW@ﬂ%%ﬁfﬁﬁ%%ﬁ%?giékmmﬁﬁtﬁéo
y=fO_ zw;+b) (2.1)
i=1

—a—I3y V=27 OHNIETIZTEHR LB D & H 1 XN B EPBREI Ay F 7 —
ZOHNEY L7570, EECREEZUITO X5 ICHRET 5,

T



o HEZTHIF 2 [EERAE . EEEREEK
o JTHHEE : Softmax BEEL
o _f(HD/THERIE : Sigmoid BAEX
Za—FN%y FT—ZIEAN X = (21,20, ..., 20) BRI THAY = (§1, 02, - - -, Gim)
PRI LTEZD LD TE S, HHY OEEZEA—t 7 1 v ONHER (H
BENL T RA) I Ko THRES NS0, NEHZROMEZZ % 2 212 ko TIEE DB
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HRBEEUZ, 2y VU= LEE IELWHEMEE B2 TRERL TV 25 (18
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o [HlIFRIE : IR (MAE), 35 3347 (MSE), Huber $8RBI%K
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PR W TR ZEIRE T 2RI TR %, g 3y PV =22 L7-{E
THD., y WHNDOERETH 2, NIZFFEFITHWSE T —XETHD, 27 —XDHEK
DR > T\ b, .
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BE(L7 TV X a3, BREBOE RN 785 X512y b Y — 27 ODNERER 2
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Figure 2.3 ReLU activation function.



2.4 He O#IEA{t (He Initialization)®-®
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DL BN S, He DHHALIZTEMALEEED ReLU TH % & &2l 5 WIHLITiE
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W~ N (n, %)

2
= =/ = 2.5
w=0, o N (2.5)
b=0

2.5 Adam”

Adam &3, WERMHECRE NEZ X DMRANEETE 2 LHOBB LERELT VT
VRXLTH%, Adam l& AdaGrad & RMSProp DR ZHAGHOEL 713V X LT,
PRI X =R ZTOR L THRRARMEICHATZ 5720, &td X b 2wk
TNTYVALER>TWD,

2.6 5#{t¥FE (Reinforcement Learning)?:%:%
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RVRI RN 5, BB TR, (FBFT5 - x> b (AD) 45 (FBIL7:C b
WHE 2574 — RNy 78 UTREDL MM ZRZITELS 2 ITX o T, EDTENRWY
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Gy = Z 7k7”t+k+1 (2-6)
k=0
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2.6.1 Q%Y (Q-Learning)

QFHELIZ. QKL MIN2TEMHERE 2 P L —=2 735 FETH 5, 1TEI
EREE X 1%, IRBE s 178 a AN I NIz X2, WKEE s TR EIN Iz —Y =V I3
T8 o 2FTL. ZORRY O — 7 1M -> TITEIT 25512155 Z L ifF S 5 B
W E 3 2B TH 5, QBIEIILI FoRXTERI NS,

Qx(5,0) = Ex[Riy1 +YRiyo + Y Riys +...|S; = 5, A, = d (2.7)
QBB S I XN B I QL XN, R s IBWTITE) o 2HLS Z & Offfifii %
%7,

R (2.7) OISR, FRICE SIS 2T OWEM % GEHT 2 BEHH 3 - HEE 2R
N3 B, ZORIEERBRIT DI FEAPHWL S, v Y5
Az MTRT,

Vi(s) = Ex[Rep1 4+ 7 % Va(Seq1)|S: = ] (2.8)
AoV v RIS EREE FIRER L2 b DT, ROIREDOAME Vi, (S,y) % HWTH
TEDIRREDAHHE V,(s) ZHHT 22 TE 3,

Q¥EDORY ¥ — n(s) F QA EHVWTERIh, LTFoXTtRIN S, ZORiT.
WIZQEPRRICKRZITHZERTI2L VWS 2 2RL TV,

7(s) = argmax Qx (s, a) (2.9)

QRO HIG RS QB O (s,a) EHDU5C L Th 5, Rz QM5
E, BERAEY S — m BRDBZEHTES, BER QM Q (s, a) B~V

-7 -



BRzHWT, UhoXTR2NL, ZOXZNL~ VRETERE WS,
Q"(s,a) = E[Ry11 + 7 * max Q" (541, ar+1)] (2.10)
QBBD L —=2 7, N~ YRR VT Q BIBe KIEHEHT T 5 Z it k-

T11 5,

QiJrl(S, a) < E[Rt+1 + v * HlélX Qi(8t+17 (It+1>] (211)
COFEHEMBMEITS Z LIk o Thalize Q BB K E %,
Qi(s,a) = Q«(s,a) (i — o0) (2.12)

Q¥ EDEFHFEE TD EEPHVSN S, TD¥H 3 MTER T v 78I Q B
ZEHHTDEVIFERFTETH S, TDFETIEK (2.11) oG 4% TD X—5 v W
O, TD X—%" v MZBED QEEZIRAIGEDT 2 X5 ICHEHZITS, TD 8 TN
KD BRI Qi (5111, arr) EELHEEL TORWVWED, TDX—7 v bOEHIEZHL £ T
REHWOHEEMETDH 5, TDH¥ETO QB OFEH X2 LI NIRRT,

Q(Se, Ar) = Q(Si, Ar) + Ry + ymax Q(Sip, a) — Q(St, Ar)] (2.13)
ZIZT. a3FERT0,1]] DEHEL %, QFEFTRZ—Y =2 PHREEZRRL. &
DRL QBBEEH T2 T, RERITHHITES X5k,

2.6.2 epsilon-greedy

epsilon-greedy /7HRIE Q HD SITENZ TRE S 2 BRICHRBEITENI D 2 & 2 DTIER L
—EMR e TT VYR LBRTHEZ L 2FETH S, THUTED, ==Yz PZHo bW
WTEIDR VAP B RREE D T E 2,

2.6.3 Q7Fr—7J

MR QFE T, QBEBERIHT2DICQ T =7 0w REHVWS, Q7 —7
UL, RELTEIE R T 2 0Dl R5 ., IR TENCHIET 2 QEZEMNT 5, 1REE
EBAIENE e, QT —7ANEMRR L, ASIhRE e TENCHIE S 2 Q il
FHAT B0k TQRMERET A ENTES, QEHO¥EIQT— 7LD
WEZEHTEZICEoTITI, Q7 —7VOMEIXFERNCTTNT 0 ¥t X,
FHRIIEERT v S THEDRB ATENIINT 2 QEIEHR NS,

QB Q 7 —7 N TRT Z L IIIUTORED D 5,

o HERAYIIREE, 1TEIL 2R Z 2w
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IREEDHEHE TR INZBRE CILIREZBERUL S 2 082D %,
o REEEDEKICH I, QT —7LDY A XMBIEFICKEL 2D
Q7 —TINPBXEVIZINED TR K570, FEIPIRNHL 25,

2.6.4 Deep Q-Network(DQN)

Deep Q-Network(DQN) 1% 2015 £E1Z DeepMind 12 & o TRIFE X /2712 ) XA T, Q
PR EEFR e HAGDE S Z & TR Atari D7 — L% f# 22 TE %, DQN
T, QFfz =2 -9y b= TEMNT 2, 2O=a2—F%xy b T7—=213Q-
Network ¥ FEIEH, IREERZ AN LTEZX 22, ZORETITZTHI L0 Q% H
NFT%, 2=y V=27 3EHEEZ AT TE 2720, BERRIREE L 2R 7
WEWS Q7T =7 NVORMBEZRRTE S,

DQN O%FE T, BT —XZ2 TD =7y b2 L Thy NV —JDEAZEHT
%o FHIFZLITORNTITON %,

L ATEIZITWV. (s, a6, 7141, Se41) ZHEER & LT Replay Buffer IR 3 2
2. Replay Buffer 20 5Ny FH 4 X723 ERE 7 0 X 2HIG L, —2—
INAIY VT —=T P == 7T D
DQN OFEZHES /572D TR LT, Experience Replay. Fixed Q-Target 72 &
DFEDVD 5,
2.6.5 Experience Replay®:'?

#2B% % Replay Buffer ICIRE L. %55 T ¥ & LIHD) H L TH¥E %2175 Fik% Expe-

rience Replay £ W95, ZAUIIEZLLTD XV v +23dH %,
o EBREMEDIRLFBIMER 2720, FHONEN LA S
o HUWREAEZ SN, ELOBRBICOAHEILT 205 T2 N TE 2
o RFRARYZAHBERIMRZELD PR 2 L CHEEDLET 5

2.6.6 Fixed Q-Target?:'?

BT —2TH5TD X—7 v POEZFHET 2 & 212 max, Q(Sit1,a) ZXRD S
72912 Q-Network 2Mfibir 2, ZD7=, FEHEHZ Q-Network DEAZHHT 5 .
fli7—2TH25TDX—7 vy POESEEINTLE S, BT —XPHEIEDS L
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FEDPALEEIIKRD WO MEER D 5, TNERRT 272012, TD Z2—47 v bDFHE
12i%, Target Network & FHINZFEIC L o TRIRX=ZPEDL SR VHID X v b7 —
7R L, —EHETEE 2175 Q-Network D35 X — & % Target Network |23 ¥ —
35 W) FiE% Fixed Q-Target £\ 5,

2.6.7 Huber 8B WY
Deep Q-Network TIF3HEKEIENC Huber 1HKBAEZ FIH § %, Huber KB O %
DIRTRS,

L(z,y) = - (2.14)
[z —yl=5 (r—yl>1)

Huber 8RBT —3_GGE & P2 O R 2 A G DR DT, 3 3%
A2 & D BAEDE DN E | PFHENREE X D Sl WIERE, T E 2,

2.6.8 Reward clipping'®

Deep Q-Network Tl&, IEQO#HMZ 1. BOMIM%E —1 \ZEE T 2 Reward clipping &
WS RN D B, WHOFE [—1,1) KRET 5 2 L THEPRETBAY v F 0B 5
D O KN XFITERLSBLZEVWDITAY  F2iD 5,

2.6.9 Self-Play?

W — 2 D¥E TR, =Y =Y FOFHBOMHMHFREIL - 2> P EFE RS
THZZENEELV, T, MEEFELETES L =—Y = ¥ MZEOHFIEH
ROBNMTEIZZEZE L TLR WV, MEMHFIBETEL L 22 = v PO AT T
HTERWIZDTH 5, Self-Play & 1307 — 2 DFHFICBWT, =—Y =z bEFEU
R ONEAITF A AR T 272D DFIETH %, Self-Play T, M¥EHEFL L Tz—Y =
YIFEEO#EED -2V, FEPEDICONTHHEFZ Y = v M ORHD
Y —THEHT 5,
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2.6.10 TF-Agents'®

TF-Agents | TensorFlow TH{LFEE 21T 7DD I A4 75V TH 5, TF-Agents = H
W3 Z & T, Deep Q Network Z1& U & L7z, Double DQN, PPO 7% ¥ O & 72 b
V7NV XL BGHEET LI NTES, £72. Replay Buffer % epsilon-greedy
FRZEDFEES I T WS,
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Figure 3.1 Game screen.
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Q 7 — 7% HAWT En Garde D2EE %2175,
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TNDA YTy 7R LTQT—7NVANOBRIMb b7, ZNZBBIETRT
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Figure 3.3 State reduction of distance to opponent.
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Table 3.1 Parameters explored in grid search.

Parameter Value
Learning Rate « 0.01, 0.05, 0.1, 0.3, 0.5
Discount Factor v 0.7, 0.8, 0.9, 0.95, 0.99

Exploration Probability ¢ 0.01, 0.05, 0.1, 0.2, 0.3
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> nsrm1Cr =35+ 70 + 126 = 231 (3.2)
5
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Table 3.2 Best 10 parameters in grid search.

« v e Win Rate

0.1 07 03 77.76
0.1 0.7 0.2 77.36
0.1 08 0.3 77.33
0.05 0.7 0.3 76.63
0.05 0.7 0.2 75.94
0.1 0.7 0.1 75.27
0.05 0.8 0.3 75.05
0.1 08 0.2 74.91
0.1 09 03 74.57
0.01 0.7 0.3 74.49

Table 3.3 Worst 10 parameters in grid search.

@ v e Win Rate

0.5 095 0.3 61.89
05 09 0.1 61.84
0.5 09 0.01 61.8
0.5 095 0.01 61.75
0.5 095 0.1 61.72
0.5 095 0.05 61.33
0.5 095 0.2 61.31
0.5 09 0.05 61.29
0.5 099 0.1 61.23
0.5 099 0.3 61.08
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Figure 3.4 Grid search result of v and «.

Table 3.4 Parameters of Q-Learning.

Parameter Value
Learning Rate « 0.07
Discount Factor vy 0.6

Exploration Probability ¢ 0.5
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7. RSN TVE A= FZ2REBIZED TOIUIHFOFNL D 2 BERE N5 7
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K DIREEBD T X LMD EL BoTWVWEHEEZILBN S,

70y FY—FORERE D FEIMHT 587 X — &% Table 3.4 D X 5 ITHET %,
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Figure 3.5 Learning results of the Q-Table.
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Table 3.5 Wins per game end condition in Q-Table.

Game End Condition Number of Wins ~ Ratio

Attack Successful 7336 90.81 %
Unable to Act 9 0.11 %
Deck Depleted (had more cards) 578 7.16 %
Deck Depleted (ahead of opponent) 155 1.92 %

Table 3.6 Losses per game end condition in Q-Table.

Game End Condition Number of Losses  Ratio

Attack Successful 769 40.01 %
Unable to Act 83 4.32 %
Deck Depleted (had more cards) 326 16.96 %
Deck Depleted (ahead of opponent) 744 38.71 %

Table 3.7 Number of Al attacks per outcome in Q-Table.

Attack Outcome Number of Attacks  Ratio

Attack Successful 4851 52.38 %
Attack Successful (Counterattack) 2778 30.0 %
Parried with Equal Number of Cards 1182 12.76 %
Parried with More Cards 450 4.86 %

DHBIINKBETETVE DT 5,
FEBOAL e T 22k D, AlOEBZHRT 2, AlOFEENIL RO X512
o7z,

o I FHEIHFENKE A — K THE

o HTEMAONWTESS, HTOWRE (5~ ) DERT X THlE

o HFOHEE Y —TELH—FZ22B EFFoTws, HFOK
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Table 3.8 Number of opponent attacks per outcome in Q-Table.

Attack Outcome Number of Attacks  Ratio

Attack Successful 393 8.33 %

Attack Successful (Counterattack) 419 8.88 %

Parried with Equal Number of Cards 940 19.92 %

Parried with More Cards 2966 62.87 %
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3.7.1 REOIERIL
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input_layer | input: | [(None, 13)]

InputLayer | output: | [(None, 13)]

hidden_layer | input: | (None, 13)

Dense | relu | output: | (None, 128)

'

output_layer input: | (None, 128)

Dense | linear | output: | (None, 11)

Figure 3.6 Structure of the learning network.
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Table 3.9 Parameters of Deep Q-Network.

Parameter Value
Learning Rate Ir 107°
Discount Factor vy 0.6

Exploration Probability ¢ 0.5
Batch Size 32
ReplayBuffer Size 106

100 T | |
moving average

80 - 7

Win Rate (%)

0 I I I I I I I
0 25000 50000 75000 100000 125000150000 175000 200000

[terations

Figure 3.7 Learning results of the Deep Q-Network (13 states).
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Figure 3.8 Learning results of the Deep Q-Network (28 states).

3.7.6 fER

5 3.7.5 THDIKRET, 200000 AT v F#H X B4R % Figure 3.8 1IR3, 777D
TEROTIRIEES 3.7 ATHE FME L 35, 5000 AT v T b7z THEERD 60 % 12 L. 50000
27w TETIEG6S % HF2H EZHRE L. 60000 27 v T 51X 70 % Hizbh THE L7,
FEBRDOBEE % 10000 [ OXHIC X > TRD B 2. 70.21 % TH o7z, IREZHEEUL T
58Ik oT, BERHMN18.61 % LFET S Z RSN,

3.7.7 ZTOREOREEL

IREEDBERIC X o TR L3 2 Z b ofeied, £ TDIRE%Z One-Hot X2
MLTERLTAS,

T A Y —DNE, HF L OB 0~21 DB TRINS 2D, ThEREX20
One-Hot N7 FLTET, KEKIZZzh 2N 22 TH S, (WALOBEIE 1~15 OBETER
ENB7=, KEX 150D One-Hot X7 ML THRT, IREHIZ15TH 3,

TLAXY—DFH. LA Y= bR — FIZOWTIE One-Hot T¥a—7 4
> 7 Ci37% < Table 3.10 DFETRZ MUEZRITS, LA ¥ —DFHZ 1~5 DHESD

— 928 —



Table 3.10 Vectorization of the number of cards.

Number of cards Vector
0 0, 0,0, 0, 0]
1 1, 0,0, 0, 0]
2 1,1, 0,0, 0]
3 1,1, 1,0, 0]
4 1,1, 1,1, 0]
5 1, 1,1, 1, 1]
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Figure 3.9 Learning results of the Deep Q-Network (109 states).
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Figure 3.10 Learning rate tuning for Deep Q-Network.

3.7.10 Deep Q-Network DFER

INFETDIHEERZ X 5T, Deep Q-Network TORBELIRFEED R LT, FE T X —&
DA oTze THHDFERZH VT, & 3.6.3THL FEHEIZ 300000 =Y — R D2EE %

179, 7 —LDIRARIZE 3.7.7HOFIETRI L, FH 8T X — &Id Table 3.9 DfEZ {#
52, HFRED =2 —1 > 0% 256 £ T %, Q-Network ND¥E T 2EAL N, 7
ZDOEUE. 30987 72 o7z, 5 3.7.8THT, FED/$T X —& T 200000 =Y — R¥H
2iToTWB 720, AETEEEADE T UK LT 100000 27 v TBINFEEE21T 5,

FEROBROIHR Z Figure 3.12 1R T, 77 7 DIERGIEIZE 3. 74 HE Ak 5
%, 200000 27 v FERTEHERD LFIIR S0 eh o7z, FEBROBEHRZ 10000 [E D XHHE
WWEoTRDB L, 60.7T % THoTze THUI. 5 37T8THDBERT0.67 % LiZ L A LTH
CMETH 272, FEHPEATOROWI 1G9 5,

BEROBEEICBT W5 72[E8 6977 BlD, 7 — L DR T 5T & DWNER% Table 3.11
RS, Q7 =7 N %o AT XD &, WEDINT X o THE-2EIED 1000 FIFEED
B Teoles Few BFEE 3023 BIONE%Z Table 3.121T"F, Q7 —7 1 Z2fio7
AT XD, HFORREZT CTET 2 EED 1000 HIFEEZ L - 7z,

— 31 —



100

80 - m
og 60 ¢ —9 ’/‘\./.\'/
[V}

T
(a'd
R=
= 40 m
20 m
0 | | | | | |
32 64 128 256 512 1024 2048 4096

Number of Neurons

Figure 3.11 Number of neurons tuning for Deep Q-Network.
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Figure 3.12 Learning results of the Deep Q-Network (300000 episodes).

Table 3.11 Wins per game end condition in Deep Q-Network.

Game End Condition Number of Wins  Ratio
Attack Successful 6448 92.42 %
Unable to Act 0 0.0 %
Deck Depleted (had more cards) 503 721 %
Deck Depleted (ahead of opponent) 26 0.37 %

BEPS, LAY —OfE, HFELOWEEL LA vY—DFL. LA Y- RZk
Wh— R, WLoBTH 2, T4 v —DfiE. HFL O, L4 vY—DFtLic
DWVWTIE, H 33HOBEZRRLTVWE, LAY —D00RAILWI— FIZOoWTIE
I~5 DI — RDENZNOREEFRRL T0d, HFEOFHLIET LA Y —DFFLEF L
FHETERLTWD, ALY - ATENCIITEI OB o 72— FOBRSEZRRLT
W5,
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Table 3.12 Losses per game end condition in Deep Q-Network.

Game End Condition Number of Losses ~ Ratio

Attack Successful 1856 61.4 %
Unable to Act 100 3.31 %
Deck Depleted (had more cards) 398 13.17 %
Deck Depleted (ahead of opponent) 669 22.13 %

Table 3.13 Number of Al attacks per outcome in Deep Q-Network.

Attack Outcome Number of Attacks  Ratio

Attack Successful 6130 55.07 %
Attack Successful (Counterattack) 348 3.13 %
Parried with Equal Number of Cards 2953 26.53 %
Parried with More Cards 1701 15.28 %

Table 3.14 Number of opponent attacks per outcome in Deep Q-Network.

Attack Outcome Number of Attacks  Ratio

Attack Successful 390 14.19 %
Attack Successful (Counterattack) 1630 59.29 %
Parried with Equal Number of Cards 333 12.11 %
Parried with More Cards 396 14.41 %

[1,0,1,2,1] OKF, ATIX3 DA — RTHIEL /2o ZHCE > THFE OHEHHXS 725
Teo MDF — FTHIES 28RS H 2, HTF L OHREN S 722 3D A — FEEA
e, ALGHEFOREREF (T OB 4 DUT) A S WALE T TRiET 3
EVWSITEIZ L TWEeEZONS, ZDXS7%, HFLOERZ 51232 X5 178
Mo IRETH K A ohsz,

TV A Y —DNED 10, HF L DD 5. LA v —OFALA [1,2,1,1,0] DIF, Al
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Table 3.15 Behavior of Al in Deep Q-Network.

State Opponent’s hand Action Next Distance
48[1,0,1,2, 1] [4,5,4,1,3] 12 [1,2,2,0,0] Forward 3 5
16[1,1,0,2,1][0,1,2,3,2] 3 0,0, 1, 3, 1] Forward 1 5
107[0,1,1,2,1] [0, 1,4, 3, 1] 4 0,0, 2, 2, 1] Forward 2 5
1051, 2,1, 1,0] [3,2, 3,4, 3] 10 0,1, 1,1, 2] Backward 3 8
75[1,2,0,1,1][3,2, 2 4,2] 8 0,1,1,1,2]  Backward 5 10
75[1,1,1,2,0[3,23,1,3] 7 [2,0,1,1,1]  Backward 2 7
5011,0,2,1,0] [0, 5,3,3,0] 6 0, 2,1, 2, 0] Attack 1 0
4300,1,2,1,1] [4,2,2,3,2] 8 [1,2,0, 1, 1] Attack 4 3
6310,3,0,1,1][1,1,0,2,3] 2 1,0, 0, 2, 2] Attack 4 3
1161[0,0,2,3,0[0,0,222 1 [00,2 2, 1] Forward 3 3
55([2,0,1,0,2 [1,2,1,2 0] 1 [1,2,0,2,0] Forward 5 0
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Figure 3.13 Learning results of Self-Play.
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Table 3.16 Wins per game end condition in Self-Play.

Game End Condition Number of Wins ~ Ratio

Attack Successful 5917 88.54 %
Unable to Act 1 0.01 %
Deck Depleted (had more cards) 721 10.79 %
Deck Depleted (ahead of opponent) 44 0.66 %

Table 3.17 Losses per game end condition in Self-Play.

Game End Condition Number of Losses  Ratio

Attack Successful 1885 56.83 %
Unable to Act 185 5.58 %
Deck Depleted (had more cards) 486 14.65 %
Deck Depleted (ahead of opponent) 761 22.94 %
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Table 3.18 Number of Al attacks per outcome in Self-Play.

Attack Outcome Number of Attacks  Ratio

Attack Successful 5181 53.91 %
Attack Successful (Counterattack) 792 8.24 %
Parried with Equal Number of Cards 2382 24.78 %
Parried with More Cards 1256 13.07 %

Table 3.19 Number of opponent attacks per outcome in Self-Play.

Attack Outcome Number of Attacks  Ratio

Attack Successful 806 22.53 %
Attack Successful (Counterattack) 1188 33.2 %
Parried with Equal Number of Cards 716 20.01 %
Parried with More Cards 868 24.26 %
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Table 3.20 Behavior of Al in Self-Play.

State Opponent’s hand Action Next Distance
48[1,0,1,2, 1] [4,5,4,1,3] 12 [1,2,2,0,0] Forward 5 3
16[1,1,0,2,1][0,1,2,3,2] 3 0,0, 1, 3, 1] Forward 5 1
107[0,1,1,2,1] [0, 1,4, 3, 1] 4 0,0, 2, 2, 1] Forward 2 5
1051, 2,1, 1,0] [3,2, 3,4, 3] 10 0,1, 1,1, 2] Backward 4 9
75[1,2,0,1,1][3,2, 2 4,2] 8 0,1, 1,1, 2] Forward 5 0
75[1,1,1,2,0[3,23,1,3] 7 2,0, 1,1, 1] Forward 4 1
5011,0,2,1,0] [0, 5,3,3,0] 6 0, 2,1, 2, 0] Attack 1 0
4300,1,2,1,1] [4,2,2,3,2] 8 [1,2,0,1,1]  Backward 2 5
6310,3,0,1,1][1,1,0,2,3] 2 1,0, 0, 2, 2] Attack 4 3
1161[0,0,2,3,0[0,0,222 1 [00,2 2, 1] Forward 3 3
55([2,0,1,0,2 [1,2,1,2 0] 1 [1,2,0,2,0] Forward 5 0
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