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1. Basic CNN

Common layers

A convolution of 32 filters of kernel size 3 X 3 with stride 1, and padding of 1

Batch normalization

A rectifier nonlinearity

A convolution of 64 filters of kernel size 3 X 3 with stride 1, and padding of 1

10
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Batch normalization

A rectifier nonlinearity

A convolution of 128 filters of kernel size 3 X 3 with stride 1, and padding of 1

Batch normalization

A rectifier nonlinearity

Policy head

A convolution of 4 filters of kernel size 1 X 1 with stride 1

Batch normalization

A rectifier nonlinearity

Flattening

A fully connected linear layer that outputs a vector of size 81

Softmax activation

Value head

A convolution of 2 filters of kernel size 1X 1 with stride 1

Batch normalization

A rectifier nonlinearity

Flattening

A fully connected linear layer that outputs a vector of size 64

A rectifier nonlinearity

A fully connected linear layer that outputs a vector of size 1

Tanh activation

11




A AE Z 27] , TEAM AIGO (2024)

2. Residual Network

olg] AMe|7} 7] €4 Z=(convolutional block)e S5t & 107]29] &= 2=}

H =
EZ2E(residual block)

2 5ot EAS FE3I} A H 2 (adaptive average
pooling 0.2 7 W& H4skT Mel2 BRSSHE BAL AH A4 2 41 =8
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Convolutional block

A convolution of 128 filters of kernel size 3 X 3 with stride 1, and padding of 1

Batch normalization

A rectifier nonlinearity

Residual block

A convolution of 128 filters of kernel size 3 X 3 with stride 1, and padding of 1

Batch normalization

A rectifier nonlinearity

A convolution of 128 filters of kernel size 3 X 3 with stride 1, and padding of 1

Batch normalization

A skip connection that adds the input to the block

A rectifier nonlinearity
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B
_ (i State 5dim + State 4dim +
33| AF State 4dim + )
ResNet x 10 Basic CNN Net
ResNet x 10
(Base)
i 0.58 0.88 0.55
State 4dim +
(21.74 / 20) (16.89/14) (16.31/16)
ResNet x 10
State 5dim + 0.97 0.68 0.78
ResNet x 10 (16.89 / 14) (11.15/11) (13.37/12)
State 4dim + 0.65 0.68 0.82
Basic CNN Net (16.31/ 16) (13.37/12) (17.81/16)
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# state info #

STATE_DIM =4
ALLOW_TRANSPOSE = False
DATA_AGUMENTATION = True

# count #
TOTAL_SELFPLAY = 12000
EVAL_SELFPLAY = 20
N_PLAYOUT =400
TRAIN_EPOCHS = 1000
MEM_SIZE = 80000

#nn #

N_KERNEL = 128
N_RESIDUAL_BLOCK =10
BATCH_SIZE =512

# learning rate #
LEARNING_RATE = 0.0002
LEARN_DECAY =0.5

L2 =0.0001

# temperture : Boltzman #
TRAIN_TEMPERATURE = 1.0
EVAL_TEMPERATURE =0

# selfplay : exploration #
C_PUCT =5.0
EXPLORE_REGULATION = 6

# frequency #

TRAIN_FREQUENCY = 1
EVAL_FREQUENCY = 50
VISUALIZATION_FREQUENCY = 200
LEARN_FREQUENCY = 6000
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Play Omok with AlphaZero ! Play Omok with AlphaZero !

Play Omok with AlphaZero !
Only Available on PC Only Available on PC
Only Available on PC
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Stk Atolell Qe Afele A obdAlr wEE Ao oft ok

A

C}]l

esl S

TAGH 4TIt §3% Fol BAT AA7F shiek glom AFHo=
A QARG ol tfF Az A BRE A, wjFS 09 vl
°]
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N -
FJ:LLJ H

ot T
{ l 1|

-l
oS

Canny= @2 ©]x15} oju 2| & vl o=, A2
99 Egoz mpotsty] 8] omd AMe A4
cv2.findContoursE Arg3tth 482

methodole}, 714 91 goer dehfAY BE A% 728 FHsh: o

cv2.approxPolyDP 342 oiZbg& AR o] &9 epsilone 24F

S84 Eolal Trueol® HFAHO=® Zhdirh AR A E S

tjall A=, cv2.boundingRect(approx)dHE AHE-3]
A

(
Qg 5 gIek. olul, Fe] Holrk T AL, FYulst 5% 71ET 27 2w
g 7

2. olu|z] &4
analyze_omok_board 9] 15 o2E HFEX oJu]x] 2 (image_path),
AZVA A7 (cell_size), BFET AZF 4=(grid_size), A1Z+3}Hshow_grid), & HE
Aedr ¥} FH(mprove_detection)o|th. olof] izt Z=o== HEET
EHEIE (99 9] array), S&9] & 2AE, ME0] HRYAE0|t}, Canny G4
ojuf RE=RZ] A4 AAY A9t T2 7%5& ?Hh cv2.HoughLinesP=
HES AESHATE o] ZEo|A A FE52 F= A|Z3golt}, HEERe] 714
FYE 7EeR, AR Heo HBE AMS] FE cv2.HoughCircles2
=2 Z3 Fopd =9 ;el wi=Eere] AR HES Hlus| 7 7k
Azto] vjgetct. wigH Fo ¥7] AEE By S& WES o] AH S
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Ao, state®t S FHE, WE HBE TR show_grid=True ¢ 4%, 7

cv2.HoughCirclesE A of, ti 8 o2 xAdt= Y|7IA] mtetv]E paraml,
param2, minRadius, maxRadius7} I}, param1-2 ¥ A& oA Yiryo=z
F8E= A2 HE ugE9] A dA#Ce =R, HE Canny 5Heh AT
ARt dAR T NE AR paramlo] ARt dAIge R HAH, Shg
AAIZ2 BE O Avti o g 25 A H T} param 12 WA A std A2 7F U &

ol HEH, Ui 2 AF oft AAE 54 o AEo] FHHE param2+
2 oz IR ET] g 2S A= ol 54 Ao dARCR Z
Hetol A Fx=z 29 o FHEunt Haerh wiAZ] =T, o] Mt paramZ—
How Ax oz QIAHM o] ¥&4E o TH wAo] Lol 2|4l ghol
=342 9 AEFo] dAYALE minRadius, maxRadiuss AZS ¥9o] H4
W25 F o) 25 ou]gith. HES At obe 9o Ha-FH] 27|15 2]l
R e gl R 2 g4 SolA 0 0 @ES ol o A

EgE4Y
2R EA
£ Aot Bddeled sl Eael ofRAIRE B TR

S3Eg ROz Qs 2zl uet vhEeh-dlol Edo] We sk whatets
B 29 AL A9 B, AEOlE T84 Be A
ALER Aol ©F7h AT BE TR Q9] iS5 g3l AL,

=

A9 EAE sHZsH7] ¥dl, ZEA= cv2.GaussianBlurZ :o]=2E Fo|il
A, A AAE fs AAE F3sHA et mAeE ojxu ¥l WS
A5 A AR AE AAHAHS =91, improve_detection=True &A1& AHE5H]
BE22] die Fof ARG = FAo] THAY vk 1§ 7AW S]nlsid
A4S AAE BHE 4 Q. SEo] 28R 7ol ofEA He SER 2114
&= B W] AeiAE ] dARE 2R

—

oju]z] FH(center_x, center_y)= 7|F02, cell_size¥d 44 7HHS @
A= TAE ARERITE, o] WAl HRES o] A g)s] Zhe-to Eofqlar, 7t

7t dAsttt= AAE SEoloft At &2 2-5gtet. vhef A A o]m]x]of| A]
o] 2R A ¢AHA UAY A o= Tt 7HA o] A sHA] FAY AA

Apeerel Azpdo] A vPR Rt oA B A% dat Rgsei,
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whE o] SAH ALY 71 80) Aol 4 A7 AL 7 S AT 5

Qx| 0} WAT & 9k olF AAep] U WA HSBE At
HAHE|E BAS= Wol ot cv2.findContourstt ¢v2.HoughLinesP 5=
Abgel HbET EHIFRE SRS dESHL, HEE U EAY Hu=E
cv2.getPerspectiveTransform¥}t cv2.warpPerspectived -3l ou|x]& A Ho|
TPA BARE o)A S--71&olF] glo]l -] AHEHIZE " ooln A=
cell_size YA 02 AXE AZ wf = DA Jsirt,

2 HoR, vEHe] /24T ARAS 4 cv2.HoughLinesP2 ZFop
A= Aot Yol ek ZF A& UI=E i, A=E ) A2 Jdstd

A #ARE 9 4 flew, ouAITt IAHAY TEoA Slolk:
 cell_sizeE YO= 7HS D7t givt olelet 524 AxF =5 HAl2
So] SV B RS AT S ok e 23} ol = ahgo]
Mol A et 4 9lonz gy BERZ] A4t 58 HE3] 445t
£ B¢, minLineLengthtt maxLineGap Tretu| e & 245 A A&l o
o olf|AES sfof g

1
-

flo

iy

o

L o

7

02 me N oo omx RS

o XN oo oo mx 2
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(1% 9] AA AEE /JH

9 52 gl

pit

IV.2HE A
A FE

HE aoazAdeEL duA 2 7]
=]

B 0% ot AAE TES BEE Gk 2760 6%
REE FEIAL YUS DAYAY, FA A /1S A AT 5
BAE Q8] HFHOR 4% Aol YT} FA/1E H8T 2202 AUAHT
SIX DEGREES OF FREEDOM
¥ AXES

A ——
[719 10] 6 DOF
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6= e 6719 BAER o]FolA glom, A HAX Y, ZF o5&
359 $AA 2™ (Roll, Pitch, Yaw)= F3st= 359 W= FAHT A #9
54 55 E}E} 2AH o g o]Fot= FACE XF(Surge)Z AF °olF, Y& (Sway)
35 olF, ZF(Heave)> Aot ol
3| AsH= OZ‘}% Zesl, XFRolD)Z 71e7] 24, YHPitch)& 45 717,
ZZ5Yaw)2 HaF AgHS gttt 254 654 ©]F-2 Surge : Shoulder, Sway :
Elbow, Heave : Wrist2 O-2EH, 3]A-2 Roll : Waist, Pitch : Shoulder Pitch, Yaw :
Wrist Yaw= of-g-€ct.

4% Alo] AT FARV|E A8 2E2 65 2RO S M40 R ofn, Ao &
G571 FEiT 629 &= 3 AY %%(Shoulder Elbow, Wrist), 5h+2] 34
(Waist) ¥H-& AFHE-30.2 ™ end-effectorol] S2H7]& F2Hct.

(1™ 11] 6% 22T 71X | 45 2 327 22T 71X
s

NI 2L Wel WS Y o5 AA UL Tejstel, APAH WY 2
ATl QY] 2T Bde Agston T2 olshet Aeld] Fol4E Eol7] 9l
7} BERE SR E 0~39) 248 A Fshert.

0 BEE 59 sA%os, 2R A PFe 2P ATL S0} Y 902
gt 1M HEE opf fusos, 2RUel U J15S FHE 4o koIS
2 7% AT 29 BEE BEA %0, W] F HES Hu WAL
AL o) ISEL o] BAL Bel 2 4 9k AW L Fo] SRS Tk,
UAuto R 3 BEE &% f8%08, BEES £1 A& 4 Yt 47 (grippen)]
UG Q1K) 242 Fsto] chepe Aol H8 5 Q=S At
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Pump M
Motor

(719 12] Arduino 7|4} 45 HEEE 9 F217] Ao Jl=

[2¥] 12]9] 32& = Arduino UnoE H|Ql AEEZ 2 AR5} Arduino Sensor Shield
V5.0 Boll 47he] AEEE(MGI96R)E Alojstn, 27| AlARlE Zee 25
e Fdchs Fx2=2 AAEUN. Arduino Unow AA| AlAH 9] 52 747‘4’6}“%
AXdEet ddE o] AERE ] a3 PWM ASE AlFst. dE+= 5}44 ANHEHEE
A7 A8 5 es AAE 2 HEg, F7HHQ PWM HEE glo|lk AEEHE
aeAos T ¢ Utk 7 AREEHE 2T 8 WES 99ehH, [ 131
o] ddEo] ot FA7] 842 A FHI(suction pump)et WH (valve)7}
z

o] 9lom, Arduino®] A€ A58 F8 ol50] 52 Aojgict,

Arduino
Sensor Valve Servo Motor
Shield V5.0
2 @)

©)

=

N o vl MW
—_
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[&F 3] Arduino Sensor Shield V5.02] ® A2 £A]

1. 24 & 49 BE&F - 9FF 71+9h
2ol FA2 AW 7]45H(Forward Kinematics, FK)#F 9waF 7]45H(Inverse
Kinematics, [K)& 7]810.2 8}m, 2} 30 £292 Alolsta M54 .0 2 sk §1x10

BFE - Aol B0 2 o] Folint,

J

=

(x,y)

v

ZE AEA Aw HEA

(27 13] 2 o ool tigh =52 a3 A (Y%, oot4] P2 919 2l HBA(LES)

AR 7|7 FK)-E ZF wE] 3 zHe)o] FolRE w, o]
DH(End-Effector) 9] #1219} ZAAE Altstes WHolt &, 2 (&
AR, 250 ot YALAE A5 & Utk =ETS
ZIE(Joint) & o]Folq glom, 7} RRIE+

1835t 91X ZAAe. DH mtto| g (Denavit—-Hartenberg Parameters) & 2-851¢]
24O FKE #soHd, ZF XJIES 3¢ ®ghke o3y Z2 4x4 W

3= (Transformatio

o

H‘U (e}
=]
m
f
|
o
gk
ol
2
X
)
o
N
N
N,
2
rE
ik
)
e
lo

atrix)= ARg-oto] AL

ol

=i

4

| L2 x sin(0; + 62)

I
L1 x sin(61)

L1 x cos(01) L2 x cos(61 + 62

v

20



A AE Z 27] , TEAM AIGO (2024)

(2% 14] 245 23ue] 24 W 2 9]

kgl 92 AL
714, 8 = T RJAES] 3172t d =ZXRJIE XL AR, a = B39 Zo], 181 a
L L L L
= & Aol M-S ousith ZF ZJAES] HE PSS FHold HFH oz 25T
L] 7] (v, y, z FE) & AA (Orientation) S 7 4= Aot
cosf; —sinf;cosa; sinf;sina; a;cosb;
il _ sinf; cos#;cosa; —cosb;sina; a;sinb;
¢ 0 sin ay; COoS o; d;
0 0 0 1

i 1
zQE9] SWZE ALl Wl &, "imee 54 zhuoe] vjxlsin e
Hae 7ol W, KE Agste] 2ol 2t $ES oW Zuz AAdo} sh=AS
Arterot

L2 x sin(61 + 632)

L1 x sin(61)

L1 x cos(61) L2 x cos(01 + 92)‘
|

[19] 15] 22} ] o 7] 28F 5 A

K& gty oz 2HA el s (Closed—form solution)o] o]&-& 7-¢-7} wWol, 42]%]
5|3 (Numerical Methods)o] &&=},

S A7 9] A5HE AXSH WA o] AH-Aet Jacobian FEE 0T £ TALE
e 2 xe Bee] &k wE (94 WEHS Lo, J(0) £ Jacobian WY
(ZOE 9|A]of u}2 Wzl &) 18|17 9= 29 EQ] Zhar e 2 Lehdt)

oluf, Jacobian ¥ & (Jacobian Matrix)-2 &85}

=2 =2 0

z=J(0)0
IK 2AE 2835171 Y Jacobian®] JaFE Ei= o)At 3P H (Pseudo-Inverse)=
Abgote] JALE Ffst, BR HHEE V|FoR XJIE IHZS ALttt shA|gt



=18
=

A7t

1
i

(Singularity)

]
™

b”Eq
- 1

A AE Z 27] , TEAM AIGO (2024)
ok

SHA]

o

A

=
g

ﬂo]

=

1 (Iterative Methods)©]

3
O]

s

o]
X

B210] 53]

]_

Jacobian®]

=]

it

10}
o d

b, o}l st

°

A

Sfel $1%

oF
=

=
=

o &% =7t ot

il

o d=EE Aol mEstd WHE oA

b

A seA et

o573

1 2pol7} AtekA] wiA

[e]
e

3

o}, o] ¢l

5

S ez FEEEs

717t FEE 5

Ho

NG A A

DEH Ho

237
HE2 /e

o] =i, vhsdo] 2k A~ A Eol K,

KX
=

B

4|

It ol o

A
o 25

2 pythonl g 1d

]

L

= 2 o+ ZHto 2 Ao

=13
=

min

Al

< g =7t

=

ot

T

xe)
i

== A~
3EHE

A

Ao & ofFol oA

ol
%o
o
Ho
__o_l
Ho
YA
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. AR} gl S E HRE 2 RS o] 85) HHE ol Jdlo| E i)
4. 2-3 S AL FEA HHEIT

guiA =

A7 e 377} oloj g wf Wojshs feE Holl sfu, BE gl olE
Aok = Eeteh Al 3 F3E % )

o JHE L] FEo] Wolz|= o] ZAE QI gho] HI Ql=7tE wastr] 714
28 EE AIZro]l A, Bz 45 FdS % Al E F80] APorA] £l obal=ol
deth B3 MCTS A3 A=geole

o]z £t MCTS #H&E3}, cython, d
W& A Est, A5 S 9lol et A& Agoltt.

Cv

SA) WA, of WAL nae A
hEge] bR AzAe BAL A Yo uiEE ARs weksss
Ao, A= e 4 ge}% HAT QB ZASHE HAeNA Aol
sfen|E g 2y 4AsoRThs 7}1194 cfolele] n g
Ape|2 Were ujnteh utetn| 6 E 2

ZHEA

# mRAECA A§T FHF /1 FHE) T 9 1K) 7]ure] 23 2 A o]
WA ol 2102 HSHE 917 Aol B FHsekA s, AA) SEdel o] @A s
ot WSt i B AF o3 2 Jle] fA0E o) AL e
ZE5p7] oleisly] wReltt. olE Ak U, 1AHCR 71T5L Bl @
AR %, A4 AU et & FEL SETP o Bl Bt AU
e =59 Jet SEDY B Bo] 23 DetAE Aste A0S @)
ol thepd 4Rl fAsH AT 4 ot @AVt 24T B0, @4
Azde wlel AFE 920] AHATE AR vFSES A shof Arh 2HFol grt.
o1E M A8, 35 Aol MAE BEBtel x, v,z YA AT E ZH}T,
AR WACVS BEA AT A BE AH 29 oA 2 YL
27t8 @7 dgol. el WSS Ak WA HFEE ¥ 4 Ut
27449l Eo mEAES Agste], Wt WEHA M5 2 B Aolg 7Y
Aol
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A 2

S 3 AR

1 2N A7} O (1000 A7HRS o) 5 Bk s A A3 mllo] A2 7H3)

State : with next action best 10
25
MCTS visits current Policy
1 3 2 3 3 1 3 7 o -
0.8
2 =l 2 4 6 —l— 5 2 20 --
}_ f i i + 1 ﬂ t ™
13 3 2 5 4 2 6 - 06
15
10 == + 4 * — 5 2 <
1 2 2 4 3 4 1 4 - _04
10
2 7 2 5 4 n—l =2 ©
6——l— 1 3 1 6 5 2 ~
-0.2
3— 1 —F—3—2 1 2 n S ® n
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
-0.0
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State : with next action recent o
MCTS visits current Policy
o- 5 1 10 1 200 ©-
08
- 7 6 2 1 1 1- --
~- 4 3 19 4 1 7 ~-
150
m- 1 4 s 1 o 06
«- 1 7 1 11 a < -
- 11 105 S0, 04
©- 1 2 5 1 1 7 8 1 ©-
~- 5 1 1 4 14 1 3 ~-
-50 -02
w- 2 a 11 e . ©- .
0 1 2 3 4 5 6 7 8 0 1 2 34 5 6 78
-0 -0.0
0 1 2 3 4 5 6 7 8
State : with next action best 10
MCTS visits current Policy
-1 1 1 1 1 1 1 1 1 200 .
0.8
B ) 11 1 1 1 11 --
~- 1 1 11 s 3—10— 5 1 ~-
150
m- 1 1 1 1 1 1 1 1 1 - 06
P
- 11 11 1 1 1 C ) 1 - ¢ )
- 100
w- 11 101 1 1 1 11 - Lo
©- 1 1 1 1 [GELY 1 +— 7 1 ©-
~- 1 1 11 11 1 18 | ~-
50 L o2
- 1 1 101 1 1 1 . - ‘
, . ' . . . . : , \ : . , . . . ' .
0 1 2 3 4 5 6 7 8 o1 2 304 5 6 7 8
-0 -0.0
0 1 2 3 4 5 6 7 8
State : with next action recent o
MCTS visits current Policy
-1 1 1 1 1 1 1 11 o-
200
0.8
- 3 3—3—3 1 3—1 --
~- 11 3 12 1 ~-
150
m- 1 1 1 20 2 1 1 1 - 06
«- 1 2 3 11 82 Q <- Q
w- 11 101 1 1 1 3 S100 - ™
v @ e o ®
~- 3+—3—3 31— 8314 ~-
-50 -02
-1 1 1 1 5 1 3 ©- .
0 1 2 3 4 s 6 7 8 0 1 2 3 4 5 6 78
-0 -0.0
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State : with next action

best

1.0
MCTS visits current Policy
200
-1 1 1 1 1 1 1 11 o-
08
w11 1 1 14 1 @Y 1 1 .
~- 1 1 1 1 1 1 109 1 150 -
m-1 1 1 1 1 1 1 1 1 - 06
125
-1 1 1 1 1 4 1 O 1 <- Q
- 100
w- 11 11 1 1 2 a4 2 - ~04
ce i m e @ e e ® O
~- 1 1 1 2 1 1 1- 101 “50 ~-
-02
@- 1 1 11 1 1 2 1- . - .
' I I ' ' ' ' [ -5 ' ' ' ' " ' ' [ '
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 78
-0 -0.0
0 1 2 3 4 5 6 7 8
State : with next action recent 10
. 100 .
MCTS visits current Policy
o- 1 1 1 3 °-
0.8
B ) 11 1 . 80 -- .
~- 1 1 11 ~-
3 i 0.6
m- 1 1 2 16 1 | 0 -
e N\
- 17 { - }
<- 1 11 1 \) 1 < )
w- 1 1 101 1 18 - |
| 0 0.4
s M
S e@or - o B
~- 8 1 1 1 1 ~-
-20 -02
- 1 101 1 1 . @ .
, . . . . . . , , \ : . : , , \ . .
0 1 2 3 4 5 6 7 8 o1 2 34 5 6 7 8
-0 -0.0
0 1 2 3 4 5 6 7 8
State : with next action best o
MCTS visits current Policy
175
-1 1 1 1 1 1 1 16 o-
0.8
-1 1 1 1 16 1 . 11 150 - .
~-1 1 1 1 1 1 102 1 ~-
125
m-1 1 1 1 2 1 1 1 1 - 06
-1 1 1 1 1 5 13 Q 1 00 L.
w- 11 11 1 a4 1 101 . |
L5 0 0.4
e @+ OO - o
-50
~- 1 1 1 2 1 1 18 LIy 29 ~-
-02
@- 1 1 11 1 1 3 1- . s -
4 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
-0 -0.0
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State : with next action

o
-
~
w
a
«
o
<
©

State : with next action

0 1 2 3 4 5 6 7 8

State : with next action

-

recent

MCTS visits

best

MCTS visits

13 1 1 1 2 1
OO
N

Ee
3 1

recent
MCTS visits

11 ﬂ 11
11 o2 . 7 1
11 111
+ 1 . 6 1

11 (

@

1 1 1—3

33

120
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- 40

175

150

- 125

- 100

-25

current Policy

current Policy

J

current Policy

o h
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-04

oo

N
o .
6 7 8
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1.0

o "

0.6
-04
OO
/ Kw/
o o
\ . .
6 7 8
-0.0
10
o

°

-04
OO
./
® o2
6 7 8
-0.0
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State : with next action

State : with next action

State : with next action
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best

175
MCTS visits

o- 1 1 1 1 1 1 \/ 1 1
N 150

- 1 1 1 1 1 ¥ ' 1 1
~- 11 1 o1 o1 o1 [ty . 125

m— ) 111 ’ 16

S

100

«- 11 5 5 1 1 Q 1

o 1 2 3 4 s 78
-0
. 100
MCTS visits
-1 5 & 1 3
-5 14 4 1 1 1 1 80
~- 1 4 2
A
- 12 )
m \/ 1 - 60
-2 1 1 4 1
w- 1 8 13 3 a 0 6
40
/) s
° 1 10 . s—(O- (O
~- 3 3 12 1 2 3 . 1
-20
-1 1 1 2 13 4 .
Y S S R S
o 1 2 3 4 5 & 71 8
-0
best o
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c-1 1 1 5 2 1 q 11 140
\~
- 160
-4 1 2 1 1 .. 11 120
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mo () )11 ’ 11
O
14 o1 2 11 27 1 80
N NS
w-1 1 1 31 1 2 1 1 1
60

34
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State : with next action
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State : with next action
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recent
MCTS visits

o- 3 3- 3- 2 \/w 2 3 250
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It
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200
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State : with next action
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best

w
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~- 1
-80
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- 60
"
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~
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\
0
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best i
MCTS visits
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23 3 o 2 ()
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= 1 —8—- 1 7 . . 1- 35
o le L
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) —1 4 1
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i 5 5 5 1 1 1 1
. 1 N
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State : with next action

State : with next action

State : with next action
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MCTS visits

B N 250

-1 1
200

~- % 4

m- 1 1
- 150

«- 1

w- 4
-100
o- 1

~- 3 1
-50

. ®

o 1 2 3 4 s 6 71 8
-0
140

MCTS visits

o- 1 1 1 1 1 1 11
120

T
~-1 5 1 1 5 1 . 2 1 100

Pt

m- (YOI )—1—a . o=

NN N J 80

| J i
w- 1 1 %}— 10 1 1 1 —+ - 60
1

o- 1 1 1 1 ‘ 1 \/D
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