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float thetal[4]:

theta[0] = atan2( v , x ) * 180 / BFI; //iBE{ELSH
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theta[2] = aco=({ (a*a + b*h - c*c) / (2*a*b)) * 180 / FI;
theta[l] = 360-thetal[3] - thetal[2]:
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target[2] = Degree2Steps(2,thetal2]): //BEHEHALGEESEE
target[3] = Degree2Steps(3,thetal3]): //BEHEHAGEESEE
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5 B 21 Ry EE

=" wrew 1
T | — )
I—-l
Ly
1.1
1)
i
=1
L |
i
P
I(a) &@Jiﬁzl I(b) ffEtHffﬁ ATt
& 21 PUAE R E
RHEE SR P (e B NG EARE) » B EHERAVER - RIEGEZ B s
BRSSP EA & - AR AR A python pf=(#E » 41
22 e
FERRZER(x,Y) * angle = np.array([LU,RU,LD,RD])
£ Ff =LU d1 = abs(angle[0]- angle[2]) / 4
4 Ff5 =RU d2 = abs(angle[1]- angle[3]) / 4
_ for r in range(4):
ET% _ LD sl = angle[0]+d1*r
/e T =RD s2 = angle[1]+d2*r

dx=(s2-s1)/8

for c in range(8):
s =sl+dx*c
p-append(tuple(s.astype('int')))

22 R ERERE R U
HU LR AR - R P AR B]Iiku”jﬁﬁﬁff%?éﬁﬁlﬁ &l 23 BIEECAT A TR -

23* B*%?r‘r giE]
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A~
'
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() ar SRR YT S - S I

(2) FHEEEER(NN) B G AR AL S (CNN)fE /1

CNN Ry fl5%h NN - B2 NN B2 RIER - NN & BAEDUE 7 AYEUE R EEISR - 1 CNN
GINE R AR RS - (F L EEE R - fEEERaReR o HEE T A RiRE R %
EEME - MEEFRE SRS - RS A -

(P0) CNN fRAR 7R

AHWTFEERA CNN #ET TSR - BARIER (7275 T & 1 LeNet-5 1HRIEL AlexNet HAIHETT
SEETURRR - AT R ONN 240> i REEAVARIEQ Eethy - 2 ittt - | g
JE@)FTAHRL ¢ B RIE 2012 4 ImageNet LSVRC EEFRAVRE - HEMIA T Relu BUHHEL
A1 Dropout [5 11 Overfitting » F5HZ T EAHBURAEE K% BULSEIEEHHIRES > &
EOMEHCRIFRATIEI - DU BRIy AR o -
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TIiEHEE hidden:256 hidden:128

input 28X28 BRE—E HMILE—E BMEZE tEFEZ

axax § I

X2

24 CNN 17|

model = Sequential()
model.add(Conv2D(kernel size=(5, 5), filters=128
,strides=(1,1),activation="relu’,input_shape=(28,28,1)))
model.add(MaxPooling2D(pool size=(2, 2), strides=(2, 2)))#::31/"'5?
model.add(Conv2D(kernel size=(5, 5), filters=128 LA '
,strides=(1,1), activation='relu'))
model.add(MaxPooling2D(pool size=(2, 2), strldes (2 2)))
model.add(Flatten()) #EEEE HE » /£
model.add(Dense(256,activation
model.add(Dense(128,activation ‘relu’))
model.add(Dropout(@.5)) # S AEETTH O .
model.add(Dense(14,activation="softmax"'))

& 25 f#H Keras #:77 CNN SRR 5%

Fi}

(I) P&
SERGI SRR B % - RSB A W ARG DAia 2 IPCAM Fr{E ARYER} - M52 E]
S B 26 B R &MAERE

PREEESES HRTETEERE
festisiThitpiza IS AT e e e e 2
EREThtpRER SESAEERT Sy GEDERSETE| | SCECESERNE
EEEHTERE ETIUAEL

[ =Y -

26 WS GUAEE

T EHEYIBE AR (AP
Fo T RBEERHAY N TR > A DU (HAUS - SRR E R 212 Ay APL

=
FEEININ - &P ImiB B2 oK (Request) » 4K i 512 [0]fE(Response) JSON HYE &
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2 o BUTN By APLAYEAIFEZ
http://{Server:port}/DarkchessAl/Fnuction?data = xxxxX...XXXX
®  Server:port : EEKEL API i 2 GRGRBUHPEE o
® DarkchessAl : ABFFEHLZ 45 - T %= Ui ids 48 1L 44 - BE AR -
®  Function : & S mfT o] BEHYLRE -
® 2data = xxxXxXX...XXxX | & U A4S EL H -
(—) HFRHAZE AP
BEHEFATEEAP

Request !‘g
- Response  Z[S)iA
- — !"’

Response % FliiB

27 WEHHEIZREL APL R

4R AL 1Y APL #7H Alpha-Beta pR# 5, Reinforcement Learning & # ] (25 S i5e
52 Z FlmHY Request 7 http {575 data Sy EE R} KRR —4EFETE S F B EA
i B A A m i A AR - JSON #%2(0 % {Position:xx, Moveto:xx}
(&) HE YRR
HERENEAPI

x
2
c
]

A

Response
28 fH/E R AP 5T

TEf5E AL HY API #85 SingleChess pR# S FullBoard b8 nT i3 = iwEedsE » & P

fY Request 2 http F7i% data J% IPCAM 2 URL > pR#if{¢ URL T3RHEUGERES: » i

SingleChess pHEE{E B {5 Ry B —HH 4558 » JISON #& fy {chess:x} ; FullBoard

PR Ry G ka4 5 - JSON ARy {board:xxxxx. .. xxxxx} (& Fy 32 HYF

) e
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Higl-2 ARSEERERERANEHEIER S 1 LIE TR
(—) BB

1. B L EN S THE - WS B TG O sk > -

2. Pk HEEE A B QL(Q-table)s QL(Q-table) with MCTS~DRL~DRL with MCTS«
3. BEEEIAFISR 10000 & - M H A 100 5T AE R ERE) -

4. £ 1000 iz B E A EEAETE 20 B(EIEFF) - I HECsrpeR -

(&) BEBRER:

Hal B R B RE(E

,f/

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
QL(Q-table) QL(Q-table) with MCTS  emm==DRL DRL with MCTS

31 AL R L TER E]
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QL(Q-table) QL(Q-table) with MCTS === DRL DRL with MCTS

34 a - BNJEHS TR B LI TR E]

(=) BB
(EER 12 1 MEELRIERITER) o DL Q-table E2EEH] » AL EIE

TRERHVIRFEEE » Q-table THHYNZEZAHEMFANY > {H/E MCTSHUCT AfEHEMHGER -
BRI B LL - ffifE DRL J51 > i1t MCTS+UCT JRERAFIVEER - (HZERR
HTRGIHVIED - B TH0R - ALATSEEEERS - 52 MCTS 2 DRL THYSERAE
EEFIRR » RAGRH R AR -
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BER2-1 BRSBTS R IR - D VGGNet IR B AR RS
(—) BB :
1. %2 AlexNet 55t EL4BRS (] 24)8 VGGNet BIHAERS (541 3) -
2. VGGNet HIS-HEA EAHIE - 4F 360 batch #E{T—JORARE FIE » 21T 15 [0 -
3. HERYIGTIIAERS  BE FTEC T AL R st 20 2t HL TR
(O BIBRAGER :
7 Jupyter F3lkss -

10 N

10 oo —

06
» 06 \;.‘
®

g 5
g 4

g

£ 04 04

02 02

— accuracy
0.0 loss 00

0 1 2 3 4 5
] 1 2 3 4 5
Epoch Epoch

39 AlexNet I ELtHI&E S 6 o/l SREE R 40VGGNet P B AHIEE AR 31| SR R

(FSkHFE] * 1076s) (I 4RIFR : 152109)
[0.00019519782929884496, 1.0] [?.2336139225585255e—95 l.EI]
41 AlexNet A f7 28 Emse 42 VGGNet AU 5748 EnzE

(FHEFZ5[ 0 * loss, [HFIZ5[ 1 * accuracy)
BIEER Ehas IR
7 10 AlexNet B VGGNet £ & {E M- B3R 20 TURERA(EEL

HF Rif iR iz| & 5 Y T
AlexNet 2 3 1 2 1 3 6
VGGNet 0 0 3 0 1 1 0

HT & + % X: ) 5 & 25
AlexNet 1 1 2 3 3 4 8
VGGNet 0 0 1 0 0 1 0

Z% 11 NN Bl CNN #dg b
iRy U
SHIEtIE H BEES AlexNet f4 ELhix VGGNet 4 B PR
LAY H (B 32 1) 20 20
HEakE R AR 40 7%
LR 100% BRI 93.75% 98.9%
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x 15 RGREEHE
i e A FEBIHLES
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Yes Yes Yes
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EHRE RS AR EAYEEAR - A K& A -

[1] HEBEQO01S) - FTIACIE RS HAG TR ST A L 3L BRI e i 4eps s
8 =5 F ch s ELEE I BE ARG E R Pki8E £ (Discriminatively-learned Patch Selection
for Image Retrieval with CNN)

[2] BEEAER(2019) o FIZACHE R E SR TAZHHFE AT im0 FEts Al oe &l api s miE =t
7 5B FE ST F5E(On Strength Analyses of Computer Programs for Stochastic Games with
Perfect Information)

[3] BR{ZIEQ2010) - BN E N TR ZEATIE LR —(f 52t -RaE 2 ik EHFE =0
7 %51 (A Design Monte-Carlo Computer Go Program)

[4] HEZ(2008) - 17 ERTHI AL &R TARHFE TR LR 5L BRI 2 5t S B {F(The
Design and Implementation of Computer Dark Chess)

[5] MiEZR(2012) - FHIZEZERTH AL &R TAZATTATIA LR 5L BEHE DarkCraft Hyaest
EAE{E(The Design and Implementation of Dark Chess Program DarkCraft)

[6] SRKT(2019) - B EZEENEINEE R TARHITATIE 5w 2L ELY AlphaZero General
Framework &I Breakthough #%/E%(On Implementing Breakthrough Game Based on
AlphaZero Feneral Framework)

[7] E#°F(2019) - B ZEETE S AN TARAITATIE i NEHESE (FalR(bEE
I (Hex Game Implement and Reinforcement Learning)

[8] EERKAE(2011) - BN EREEREZEN TR SRR 3w St REERHIAN T A AE AV IE
F(Monte Carlo Tree Search in Chinese Dark Chess)

[9] sRiElE ~ MmEE (2017) - FEz(EETEE - 278 afbk -

[10] EfE3E - EXRE - S EH - 2% - Sl - REE - BE -~ BRER - 423858 - #Z
2@ bF (2019) - ATEEE - Fritm « 2FEESEROARAE -

[11] Rowel Atienza (2019) - ZEEEEEE ([ Keras - 210 : BlEERKMAIRAE -

[12] Valentino Zocca ~ Gianmario Spacagna ~ Daniel Slater + Peter Roelants(2017) » Python 5[
B8 - i - MR AIRAE] -

[13] &—1H - ELEE[5 ~ PRETF(2017) - (] UCT JHEDLAEM HEHRE ATEIEHEE A -
SR 57 Rk R -

[14] BREEEE(2018) - (i IS T8 5 ilAGhRE < NARBIZE - S5 CEE AR NR IR EE -

[15] alpha-zero-general github - 4gHf : https://github.com/suragnair/alpha-zero-general °
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3 FEIRAINIE

Amlt By KA
1 CPU Intel(R) Core(TM)i7-10750H CPU @2.60Hz
2 GPU NVDIA GeForce GTX 1650 with Max-Q Design
3 aCiERg 16.0GB
4 TEFEZ 47 Windows 10 Zx ki 64 iz 7T
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S UREA | e A FERGHEEE A AloT FEELHESE A
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model = keras.Sequential([
keras.layers.Conv2D(64,(3,3),strides=(1,1),input_shape=(56,56,1),padding="same’ ,activation="relu"),
keras.layers.Conv2D(64,(3,3),strides=(1,1),padding="same" ,activation="relu"),
keras.layers.MaxPooling2D(pool size=(2,2)),
keras.layers.Conv2D(128,(3,3),strides=(1,1),padding="same",activation="relu'),
keras.layers.Conv2D(128,(3,3),strides=(1,1),padding="same",activation="relu"),
keras.layers.MaxPooling2D(pool size=(2,2)),
keras.layers.Conv2D(256,(3,3),strides=(1,1),padding="same",activation="relu'),
keras.layers.Conv2D(256,(3,3),strides=(1,1),padding="same",activation="relu"),
keras.layers.Conv2D(256,(3,3),strides=(1,1),padding="same"',acftivation="relu"),
keras.layers.MaxPooling2D(pool size=(2,2)),
keras.layers.Conv2D(512,(3,3),strides=(1,1),padding="same",activation="relu"),
keras.layers.Conv2D(512,(3,3),strides=(1,1),padding="same",activation="relu"),
keras.layers.Conv2D(512,(3,3),strides=(1,1),padding="same",activation="relu"),
keras.layers.MaxPooling2D(pool size=(2,2)),
keras.layers.Flatten(),
keras.layers.Dense(4096,activation="relu"),
keras.layers.Dropout(e.5),
keras.layers.Dense(4096,activation="relu"),
keras.layers.Dropout(e.5),
keras.layers.Dense(1000,activation="relu"),
keras.layers.Dropout(e.5),
keras.layers.Dense(14,activation="softmax"),

1 F|FH Keras 72f# VGGNet 44p&ii BRREE

history = model.fit(gray_framel,gray_labell, epochs=15
,batch_size=368)

Epoch 1/15

504800,/504000 [ ] - 1461s 3ms/sample - loss: 1.8146 - acc: @.6373
Epoch 2/15

Se4pe8/504888 [ ] - 1348s 3ms/sample - loss: 8.8488 - acc: 8.9875
Epoch 3/15

504800,/504000 [ ] - 1834s 2ms/sample - loss: B.8183 - acc: @.2974
Epoch 4/15

Sp4pea/se4888 [ ] - 1831s 2Zms/sample - loss: @.1859 - acc: 8.9867
Epoch 5/15

504800,/504000 [ ] - 915s 2ms/sample - loss: 8.8833 - acc: ©.9994
Epoch 6/15

se4ee8/5e4008 [ ] - 9235 2ms/sample - loss: 8.8674 - acc: 8.9891
Epoch 7/15

504800,/504000 [ ] - 918s 2ms/sample - loss: 8.8832 - acc: ©.9995
Epoch 8/15

Se4pe8/5e4808 [ ] - 93@s 2ms/sample - loss: 8.8812 - acc: 8.9998
Epoch 9/15

504800,/504000 [ ] - 921s 2ms/sample - loss: ©.8437 - acc: ©.9926
Epoch 18/15

504800,/504000 [ ] - 947s 2ms/sample - loss: ©.8813 - acc: ©.9998
Epoch 11/15

504800,/504000 [ ] - 1819s 2ms/sample - loss: 5.89837e-84 - acc: @.999%
Epoch 12/15

504800,/504000 [ ] - 9355 2ms/sample - loss: 8.816@ - acc: ©.997@
Epoch 13/15

504800,/504000 [ ] - 917s 2ms/sample - loss: 7.5249e-84 - acc: ©.9999
Epoch 14/15

504800,/504000 [ ] - 929s 2ms/sample - loss: 2.8295e-@4 - acc: 1.0@00
Epoch 15/15

504800,/504000 [ ] - 9%@s 2ms/sample - loss: 4.4382e-84 - acc: ©.9999

check_history = model.evaluate(gray_framel, gray_labell)

Se4008/584008

—

] - 371s 736us/sample - loss: 7.2336e-86 - acc: 1.080@- loss: 7.2395e-86 - acc: 1

2 VGGNet EpE 4 B A SR B S
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conv2d (Conv2D) {(Mone, 56, 56, 64) 548

conv2d 1 (Conv2D) {(Mone, 56, 56, 64) 36928
max_pooling2d {(MaxPooling2D) (None, 28, 28, 64) e
conv2d 2 (Conv2D) (Mone, 2B, 23, 128) 49230
conv2d 3 (Conv2D) (Mone, 2B, 23, 128) 147584
max_pooling2d 1 (MaxPooling2 (None, 14, 14, 128) e
conv2d 4 (Conv2D) (Mone, 14, 14, 258) 295168
conv2d 5 (Conv2D) (Mone, 14, 14, 258) 592280
conv2d & (Conv2D) (Mone, 14, 14, 258) 592280
max_pooling2d 2 (MaxPooling2 (None, 7, 7, 256) e
conv2d 7 (Conv2D) (Mone, 7, 7, 512) 113e1&0
conv2d 8 (Conv2D) (Mone, 7, 7, 512) 2359208
conv2d 9 (Conv2D) (Mone, 7, 7, 512) 2359808
max_pooling2d 3 (MaxPooling2 (None, 3, 3, 512) 5]
flatten (Flatten) {Mone, 45838) 5]

dense (Dense) {Mone, 489&6) 18878454
dropout (Dropout) {Mone, 489&6) 5]
dense_1 (Dense) {Mone, 489&6) 15781312
dropout_1 (Dropout) {Mone, 4896) e
dense_2 (Dense) {Mone, 1988) 4997008
dropout_2 (Dropout) {Mone, 1988) e
dense_3 (Dense) {Mone, 14) 14214

Total params: 47,388,326
Trainable params: 47,388,326
Mon-trainable params: 8

3 VGGNet Ep& 4 B RRIH IS5
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