
2048

1,a) 1,b)

2048

N

2018

2 3

2 5

1

2

5

2048

1.

AlphaGo [12] AlphaGo Zero [14] Gi-

raffe [6] DeepChess [2] AlphaZero [13]

Poker-CNN [17] DeepStack [10]

Atari games [9]

2048 [1]

2048

1

a) matsuzaki.kiminori@kochi-tech.ac.jp
b) 190341z@ugs.kochi-tech.ac.jp

slide-and-merge games

2048

*1

2048

N

Szubert Jaśkowski [15] 2048

Jaśkowski

[4] N

1

1 609,104

[5]

*1 3
3000
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2048

2048

Guei [3]

2 1

2 9

2

6× 108

2 3

5

1-ply

86,030

2

3

1

(deconvolution)

• 1

2

5

•

2

5

•

2

(a) 2

2

(b) 2 2

2

(c) 2 4

2

(a) 2

(b) 1

2

(c) 2 2 2

4 4

2

1 2048

2048

3 [5]

2048 4

1

5

6

7

8

2. 2048

2048

slide-and-merge games

4×4 1

2

2 0.9 4 0.1

2

222� �422

2222

��24 ��44 ��44
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2 [5] 3

2

0.9 4 0.1

2048

2048

2048

1024

10,000

2048 21,000 4096

46,000 8192

100,000 16384 220,000

32768 480,000

2048

2

Heuristic1

Heuristic2

3. 2048

[5]

2048

3.1

k 1

3

2

4 × 4 16

*2

1 1

0

k

conv2d 1

Ch(k)

1 2× 2× 16

Ch(k)

2× 2× Ch(k) Ch(k)

1 4 × 4

*3

ReLU

4

4

*2 Guei [3]

*3
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1

k Ch(k)

2 436 817,068

3 312 819,628

4 256 820,228

5 224 832,612

2

k

2 25,669 175,628

3 69,840 332,868

4 80,284 343,496

5 86,030 385,560

3.2

2048

[8]

[8] 3

N

N

4 6

8

536,870,912

N

Temporal

Coherent 3

3

Expectimax

N

459,455 463,660 460,069

45,000 6 × 108

1

N

6× 108

10,000 2

3

2

4. 1

1

1

1 3

2

1 6

5 1

6

1 2× 2× 16

2 4 . . .

• 2

#74 5

#198

4 4

2

4

• 2

#363 5

#213

8

• 2
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3 1

2 5

# 74 0.19 -0.09 0.57 -0.68 -0.66 -0.68 -0.66 -0.67 -0.51 -0.05 -0.02 -0.04 -0.07 -0.13 -0.65 -0.67

0.06 -0.18 -0.93 0.16 0.17 0.12 -0.06 0.08 0.01 0.03 0.14 0.10 0.11 0.08 0.20 0.00

0.25 -0.06 -0.97 0.23 0.07 0.20 -0.03 -0.08 0.03 0.14 0.15 -0.06 -0.48 -0.87 0.06 -0.96

0.40 -0.30 0.42 -0.80 -0.15 0.08 0.06 -0.02 -0.04 0.05 0.06 0.13 -0.11 -0.10 -0.09 -0.01

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#198 -0.11 -0.20 0.61 -0.47 -0.54 -0.56 -0.56 -0.43 -0.27 -0.38 -0.33 -0.33 -0.45 -0.21 -0.08 -0.32

-0.00 -0.04 0.01 0.02 0.00 -0.04 -0.08 -0.04 -0.01 -0.00 -0.01 -0.02 -0.07 -0.13 -0.11 -0.10

-0.02 0.15 -0.68 0.13 0.02 0.09 0.02 0.02 0.03 0.01 0.04 0.00 -0.02 -0.06 -0.02 0.01

0.11 0.12 0.10 0.07 0.15 0.08 0.13 0.08 0.08 0.17 0.11 0.11 0.14 0.14 0.13 0.17

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#363 0.50 -0.17 -0.37 0.59 -1.11 -0.92 -0.43 -0.21 -0.20 -0.11 -0.09 -0.10 -0.16 -0.11 -0.08 -0.76

-0.12 -0.66 -0.56 0.59 -0.41 0.05 -0.01 0.02 0.05 0.06 -0.12 0.05 -0.04 -0.06 -0.04 -0.08

-0.18 -0.60 0.07 0.46 -0.63 0.07 -0.10 -0.17 -0.05 -0.07 0.03 0.16 0.11 0.14 0.04 0.18

-0.27 -0.21 0.41 -1.07 -0.04 -0.18 -0.16 -0.06 -0.06 -0.06 0.05 -0.01 0.10 0.05 0.06 -0.03

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#213 0.31 -0.33 -0.66 0.40 -0.73 -0.63 -0.61 -0.62 -0.73 -0.66 -0.62 -0.61 -0.62 -0.66 -0.68 -0.55

-0.30 -0.21 -0.21 0.36 -0.27 -0.04 0.00 -0.01 0.01 -0.02 -0.03 -0.05 0.01 -0.03 0.02 -0.02

-0.27 -0.19 -0.30 0.28 -0.03 0.02 -0.01 -0.01 -0.01 0.00 -0.05 -0.01 -0.01 -0.08 -0.07 -0.06

0.07 0.07 0.05 0.01 0.03 0.03 -0.01 0.04 0.06 0.08 0.00 0.01 0.07 0.07 0.08 0.09

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

# 17 -1.18 -0.41 -0.10 0.05 -0.06 -0.19 -0.58 0.00 0.32 0.51 0.45 0.50 0.52 0.39 0.36 0.42

-1.37 -0.68 -0.83 -0.16 -0.28 -0.12 0.08 0.16 0.48 0.42 0.50 0.42 0.41 0.49 0.39 0.44

0.60 0.41 0.24 -0.06 -0.12 -0.06 -0.55 -0.68 -0.76 0.21 0.04 -0.01 0.06 0.11 0.01 0.05

0.51 0.47 0.42 -0.28 -0.17 -0.13 0.07 -0.14 -0.14 -1.12 -0.37 0.01 -0.13 -0.13 -0.10 -0.19

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

# 93 -0.54 -0.78 -0.36 -0.49 -0.78 -0.78 0.01 0.25 0.33 0.37 0.33 0.32 0.29 0.31 0.33 0.30

0.16 0.05 0.00 0.07 -0.00 -0.80 0.16 0.28 0.40 0.34 0.33 0.30 0.29 0.29 0.33 0.30

0.05 0.04 0.01 0.10 0.26 0.36 -0.11 -0.23 -0.02 -0.08 -0.06 -0.01 -0.08 -0.03 -0.03 -0.05

0.28 0.25 0.24 0.28 0.33 0.25 0.11 -0.06 0.06 0.17 0.20 0.18 0.19 0.20 0.19 0.15

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#432 -0.18 -0.47 -0.03 -0.07 -0.03 -0.05 0.15 -0.15 -0.11 -0.31 -0.05 0.25 0.25 0.44 0.45 0.50

-0.54 -0.43 -0.30 0.14 0.14 -0.06 0.33 0.34 0.58 0.70 0.71 0.49 0.51 0.17 0.20 0.30

0.56 0.13 -0.13 -0.46 -0.39 -0.21 0.03 0.02 0.23 0.24 0.32 0.29 0.47 -1.62 -0.94 -0.40

0.85 0.14 0.15 0.34 0.09 0.03 -0.21 -1.27 -1.29 -1.30 -0.57 -0.63 -0.31 -0.12 -1.07 -0.99

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

# 98 -0.66 -0.43 -0.64 -0.70 0.26 0.42 0.27 0.22 0.18 0.16 0.11 0.08 -0.12 0.17 0.16 -0.04

-0.27 -0.11 0.00 0.20 0.08 0.31 0.27 0.23 0.20 0.21 0.17 0.05 0.18 0.10 0.07 0.13

0.33 0.28 0.27 -0.00 -0.71 0.22 0.02 0.04 -0.04 -0.19 -0.46 -0.16 -0.44 -0.54 -0.65 -0.45

0.25 0.16 0.14 0.01 -0.56 -0.07 -0.11 -0.21 -0.17 -0.21 -0.23 -0.15 -0.14 -0.55 -0.69 -0.53

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#120 0.43 0.59 -0.79 0.03 -0.49 -0.51 -0.56 -0.45 -0.40 -0.34 0.08 0.18 0.08 -0.11 -0.21 -1.13

-0.15 -0.25 -0.30 -0.43 -0.01 0.10 0.33 0.32 0.47 0.57 0.48 0.40 0.45 0.34 0.29 0.09

-0.85 0.37 -0.07 -0.09 -0.37 -0.42 -1.32 -1.35 -1.23 -1.34 -1.28 -0.30 -0.43 -0.38 -0.41 -0.41

0.56 0.19 -0.40 -0.29 -0.13 -0.54 -0.58 -0.33 0.00 0.04 0.14 0.27 0.05 0.13 0.15 -0.02

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

# 50 0.29 -0.52 -0.50 0.21 0.30 -0.42 -0.48 -0.59 -0.60 -0.26 -0.44 0.01 0.06 -0.50 -0.04 0.51

-0.45 -0.32 0.51 0.37 -0.00 -0.05 0.46 0.50 0.55 0.52 0.44 0.39 0.32 -0.45 -0.45 -0.13

-0.31 -0.59 0.08 0.22 -0.06 -0.55 -0.16 -0.57 -0.57 -0.54 -0.58 -0.54 -0.24 -0.60 -0.57 -0.43

-0.62 0.08 0.18 -0.17 -0.32 -0.66 0.03 -0.01 0.06 -0.01 0.07 0.01 -0.04 0.10 0.11 -0.08

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#154 -1.00 0.04 0.03 0.16 0.08 -0.49 -0.44 -1.05 -1.02 -0.66 -0.01 0.66 0.35 -0.52 -1.05 -0.74

0.00 0.38 0.33 -0.27 -0.09 -0.16 -1.17 -0.65 -1.15 0.07 0.42 0.60 0.56 -1.14 -1.14 -1.09

0.28 0.41 -0.04 0.12 -0.06 -0.44 -1.23 -1.12 -1.21 -1.17 -1.19 0.21 0.51 -0.07 -0.41 -0.02

0.03 -0.34 0.12 0.20 0.50 0.23 0.24 0.16 0.16 0.29 0.43 0.08 -1.13 -0.22 -1.05 0.04

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

# 54 0.10 -0.08 -0.15 -0.20 -0.16 -0.86 -0.93 -0.81 -0.75 -0.56 0.08 -0.74 0.63 -0.45 -0.61 -0.53

0.38 0.18 0.11 0.02 0.01 -0.29 -0.84 -0.73 -0.63 -0.76 0.14 0.05 0.64 -0.98 -1.05 -0.92

0.32 0.22 -0.15 -0.05 -0.54 -0.25 -0.71 -0.23 -0.71 -0.85 -0.20 0.15 0.66 -0.34 -1.00 -1.05

0.44 0.35 0.29 0.26 0.28 -0.31 -0.57 -0.54 -0.39 -0.21 -0.83 -0.60 0.48 -0.05 -0.94 -0.78

NW

NE

SW

SE

− 21 22 23 24 25 26 27 28 29 210 211 212 213 214 215

#17 5

#93

• 2

#432 5

#98

2

#154

2048 4096 2

4

2048

2

#154 2

5

2 1

5 1

1

5 1

3

5
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3 1

(a) 512 256 128 64

2

(b) 1024 512 256 128

2

(c) 2048 1024 512 256

2

4

3 4

5

2

5.

2048 N

2048

2 0.5

4

(a)–(c) 3

3

N

2

Heuristics 1 2 4 (a)–(c)

( 1 )

( 2 )

( 3 )

2

4 (b)

−5.89

4× 4× 436

4

4 4 (b)

(0,0)

163 15.4%

28

2

5 4(b)

4 (b)

1 17

120 432
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4 2

4 (a) 4 (b) 4 (c)

(0, 0)#163 9.1% ( 9.1%) 15.4% (15.4%) 7.7%( 7.7%)

(1, 1)#285 12.5% (21.6%) 13.3% (28.7%) 11.6%(19.3%)

(1, 0)#163 15.4% (37.0%) 12.4% (41.1%) 15.4%(34.7%)

(2, 0)#340 4.8% (41.8%) 9.6% (50.7%) 24.7%(59.4%)

(1, 0)#275 4.7% (46.5%) 8.1% (58.8%) 4.7%(64.1%)

(0, 1)#285 4.3% (50.8%) 4.6% (63.4%) 4.0%(68.1%)

5 2 2

4 (a) 4 (b) 4 (c)

(1, 0)#17 2.7% ( 2.7%) 4.3% ( 4.3%) 2.8% ( 2.8%)

(1, 1)#120 2.6% ( 5.3%) 2.5% ( 6.8%) 1.9% ( 4.7%)

(0, 0)#17 2.2% ( 7.5%) 2.2% ( 9.0%) 1.5% ( 6.2%)

(1, 0)#432 1.5% ( 9.0%) 2.0% (11.0%) 1.8% ( 8.0%)

(2, 0)#17 1.4% (10.4%) 2.0% (13.0%) 5.1% (13.1%)

(2, 0)#432 1.6% (12.0%) 1.9% (14.9%) 3.2% (16.3%)

(1, 1)#418 1.7% (13.7%) 1.8% (16.7%) 1.3% (17.6%)

(2, 1)#209 1.7% (15.4%) 1.6% (18.3%) 1.3% (18.9%)

(1, 1)#252 1.8% (17.2%) 1.5% (19.8%) 1.3% (20.2%)

(0, 0)#432 1.1% (18.3%) 1.3% (21.1%) 1.0% (21.2%)

(2, 1)#137 1.1% (19.4%) 1.2% (22.3%) 1.6% (22.8%)

6 5

4 (a) 4 (b) 4 (c)

(0, 1)#10 34.5% (34.5%) 34.4% (34.4%) 30.8%(30.8%)

(0, 0)#116 20.9% (55.4%) 23.2% (57.6%) 25.1%(55.9%)

(2, 0)#116 23.0% (78.4%) 22.5% (80.1%) 22.6%(78.5%)

(1, 0)#116 18.4% (96.8%) 18.7% (98.8%) 19.5%(98.0%)

7 5 5

4 (a) 4 (b) 4 (c)

(1, 2)#173 7.6% ( 7.6%) 7.4% ( 7.4%) 6.8%( 6.8%)

(1, 1)#126 4.6% (12.2%) 4.5% (11.9%) 4.2%(11.0%)

(0, 1)#126 4.4% (16.6%) 4.3% (16.2%) 4.0%(15.0%)

(1, 1)#134 3.8% (20.4%) 3.7% (19.9%) 3.5%(18.5%)

(0, 1)#181 3.1% (23.5%) 3.0% (22.9%) 2.8%(21.3%)

(2, 1)#173 3.0% (26.5%) 2.9% (25.8%) 3.0%(24.3%)

(0, 1)#134 2.9% (29.4%) 2.8% (28.6%) 2.7%(27.0%)

(0, 0)#54 1.9% (31.3%) 2.6% (31.2%) 3.1%(30.1%)

(0, 2)#106 2.3% (33.6%) 2.3% (33.5%) 2.1%(32.2%)

(2, 0)#54 2.4% (36.0%) 2.2% (35.7%) 2.4%(34.6%)

(0, 1)#79 2.2% (38.2%) 2.2% (37.9%) 2.1%(36.7%)
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(a) 4096 2048 128

4 16 32

2 16 32 16

8 2 2 4

(b) 2 2 2

16 16 4 4

32 64 128 256

2048 4096 2048 1024

5

4 (a) (c)

4 5

4 (b)

5

5

6 7

4 (b)

4 3

4

40%

2

2

5 17 432

1

2

5

6 4 96%

5

5

1

7

5

6.

6.1

5 (a)

2 Heuristic 1

2

[ : 0.243, : 0.405, : 0.104, : 0.248]

5

[ : 0.470, : 0.470, : 0.000, : 0.060]

2 1

Heuristic 1

4096

2 5

Heuristic 1

2

6.2

5 20

77,253

100

2 3 4 5

22,807

29.5% 4

5,915 7.7% 2

5(b) 2

3 4 5

2
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2

1 (0,3)

154

3

2 1 154

• 2

4

• 2048

4096

• 4 1024

5(b) 4

2048 4096

2048 4096

2

7.

2048 N

N

[7], [11]

N

[16]

N

N

N

weight promotion

[4], [8]

2048

2048

Guei [3]

2 × 2

3 × 3

2× 2

11,400 3 × 3

5,300

tjwei

2

85,351

8.

[5]

2048

1

2

5

2
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Morrill, D., Bard, N., Davis, T., Waugh, K.,
Johanson, M. and Bowling, M. H.: DeepStack:

Expert-level artificial intelligence in heads-up
no-limit poker, Science, Vol. 356, No. 6337, pp.
508–513 (2017).

[11] Oka, K. and Matsuzaki, K.: Systematic Selec-
tion of N-tuple Networks for 2048, Proceedings
of 9th International Conference on Computers
and Games (CG2016), Lecture Notes in Com-
puter Science, Vol. 10068, Springer, pp. 81–92
(2016).

[12] Silver, D., Huang, A., Maddison, C. J., Guez,
A., Sifre, L., van den Driessche, G., Schrit-
twieser, J., Antonoglou, I., Panneershelvam, V.,
Lanctot, M., Dieleman, S., Grewe, D., Nham,
J., Kalchbrenner, N., Sutskever, I., Lillicrap, T.,
Leach, M., Kavukcuoglu, K., Graepel, T. and
Hassabis, D.: Mastering the game of Go with
deep neural networks and tree search, Nature,
Vol. 529, No. 7587, pp. 484–489 (2016).

[13] Silver, D., Hubert, T., Schrittwieser, J.,
Antonoglou, I., Lai, M., Guez, A., Lanctot, M.,
Sifre, L., Kumaran, D., Graepel, T., Lillicrap,
T., Simonyan, K. and Hassabis, D.: Master-
ing Chess and Shogi by Self-Play with a Gen-
eral Reinforcement Learning Algorithm, arXiv,
Vol. 1712.01815 (2017).

[14] Silver, D., Schrittwieser, J., Simonyan, K.,
Antonoglou, I., Huang, A., Guez, A., Hubert,
T., Baker, L., Lai, M., Bolton, A., Chen, Y.,
Lillicrap, T., Hui, F., Sifre, L., van den Driess-
che, G., Graepel, T. and Hassabis, D.: Master-
ing the game of Go without human knowledge,
Nature, Vol. 550, pp. 354–359 (2017).
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