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2000 41.10% 58.90% 52.96% 47.04%
3000 41.64% 58.36% 50.82% 49.18%
4000 42.04% 57.96% 51.24% 48.76%
5000 42.94% 57.06% 51.00% 49.00%
6000 41.72% 58.28% 51.34% 48.66%
7000 42.26% 57.74% 51.74% 48.26%
8000 43.10% 56.90% 50.98% 49.02%
9000 42.08% 57.92% 51.14% 48.86%
10000 43.22% 56.78% 51.44% 48.56%
oo 42.34% 57.66% 51.45% 48.55%
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QOO 0000 QOO

00 |000 |0o0o00o 00 00 |000 |00000 00
10 0.5 0.99 58.75% 1 0.5 0.9 56.37%
1 0.1 0.5 52.26% | 100 0.5 0.9 53.58%
10 0.5 0.5 52.00% | 100 0.01 0.99 51.45%
100 0.5 0.99 51.96% | 10 0.01 0.9 51.02%
1 0.01 0.99 51.56% 1 0.5 0.5 49.96%
1 0.1 0.99 51.48% | 100 0.5 0.99 49.93%
100 0.5 0.9 50.61% 1 0.01 0.9 49.91%
10 0.01 0.99 50.25% | 10 0.01 0.99 49.27%
10 0.5 0.9 49.43% | 10 0.5 0.9 48.60%
1 0.01 0.9 48.75% 1 0.01 0.99 48.57%
100 0.1 0.9 48.06% 1 0.1 0.9 48.14%
100 0.5 0.5 47.22% 1 0.1 0.99 47.97%
10 0.1 0.99 47.02% | 100 0.1 0.99 47.79%
100 0.01 0.5 46.14% 1 0.5 0.99 47.68%
10 0.1 0.5 46.07% | 100 0.5 0.5 47.63%
1 0.1 0.9 45.72% | 100 0.01 0.9 47.01%
1 0.5 0.5 44.40% | 100 0.01 0.5 46.31%
100 0.01 0.9 43.96% | 100 0.1 0.9 46.03%
1 0.5 0.9 43.64% | 10 0.5 0.5 45.83%
1 0.5 0.99 43.61% | 100 0.1 0.5 45.61%
10 0.01 0.5 42.36% 1 0.1 0.5 45.49%
1 0.01 0.5 42.34% | 10 0.01 0.5 45.07%
100 0.1 0.99 42.22% | 10 0.5 0.99 45.02%
100 0.01 0.99 39.97% | 10 0.1 0.9 44.97%
10 0.1 0.9 38.91% | 10 0.1 0.5 43.73%
10 0.01 0.9 38.22% | 10 0.1 0.99 42.92%
100 0.1 0.5 36.00% 1 0.01 0.5 40.60%
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QOO 0000 Qoo

00 |000 |0o0000 00 00 |000 |00000 00
1 0.01 0.99 35.66% | 100 0.1 0.5 48.66%
10 0.01 0.99 34.73% | 100 0.5 0.5 43.711%
100 0.01 0.9 34.43% | 100 0.01 0.5 42.88%
10 0.01 0.9 32.48% | 100 0.01 0.9 42.50%
10 0.01 0.5 31.86% | 100 0.01 0.99 36.19%
100 0.01 0.5 31.56% | 100 0.1 0.99 34.25%
1 0.01 0.9 29.64% | 10 0.01 0.5 34.14%
100 0.01 0.99 28.41% | 100 0.1 0.9 31.63%
1 0.01 0.5 27.90% | 10 0.5 0.5 31.45%
10 0.1 0.5 24.11% | 10 0.01 0.9 30.44%
100 0.1 0.9 22.22% | 10 0.01 0.99 29.72%
1 0.1 0.5 21.63% | 10 0.5 0.9 27.17%
1 0.1 0.9 20.26% 1 0.5 0.5 26.49%
100 0.1 0.99 19.95% | 100 0.5 0.9 23.68%
100 0.1 0.5 18.97% 1 0.01 0.99 23.05%
10 0.1 0.99 18.76% 1 0.5 0.9 22.40%
10 0.1 0.9 17.90% 1 0.5 0.99 22.11%
1 0.1 0.99 17.05% | 100 0.5 0.99 21.52%
1 0.5 0.99 15.76% | 10 0.1 0.99 21.42%
100 0.5 0.9 13.74% 1 0.1 0.9 20.22%
100 0.5 0.99 12.28% | 10 0.1 0.5 19.13%
10 0.5 0.99 12.16% 1 0.1 0.99 18.86%
1 0.5 0.9 10.73% 1 0.1 0.5 18.64%
10 0.5 0.9 10.52% | 10 0.1 0.9 18.59%
1 0.5 0.5 8.87% 1 0.01 0.9 18.37%
100 0.5 0.5 7.02% 10 0.5 0.99 17.22%
10 0.5 0.5 6.79% 1 0.01 0.5 15.51%
00 20.94% 27.41%
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Q0O |0o0oo Qoo
0o 1 00 100
oood 0.0l oood o1
00 |000 001 OOO0OO 05
100 108.8 179.74
1000 64.24 204.04
2000 183.12 109.56
3000 | 410.86 13.44
4000 677 0.04
5000 829.52 87.62
6000 898.6 67.14
7000 980.94 88.46
8000 | 1019.16 109.24
9000 | 1056.86 89.86
10000 |  1034.34 32.32

0 2.10: 1000000000000 (1oo00000)
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00 |00O0O0O00A |0O0O0OOOO0B |0O0O0O0OOO0A |0OO0OOOOB
100 16.18% 53.82% 43.38% 56.62%
1000 19.08% 50.92% 43.54% 56.46%
2000 16.52% 53.48% 45.36% 54.64%
3000 41.56% 58.44% 48.70% 51.30%
4000 35.80% 64.20% 48.70% 51.30%
5000 31.86% 68.14% 50.30% 49.70%
6000 29.62% 70.38% 49.94% 50.06%
7000 28.48% 71.52% 50.06% 49.94%
8000 28.84% 71.16% 51.24% 48.76%
9000 28.00% 72.00% 50.96% 49.04%
10000 28.42% 71.58% 49.72% 50.28%
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g

gogoo (bbb

QOO 174

905403.9 -

o000 QOO | 172

080358.1 | 1.64%

U 212 0000040

23




OO0oOOobOOoA | bDOoooooB
QOO 6264648(46.40%) | 7235352(53.60%)
0000 QOO | 6432296(47.65%) | 7067704(52.35%)

0213 000000000D00O0P00"00000

O0000O0O0A | OOOOOOB
QOO 2826983(20.94%) | 10673017(79.06%)
0000 QOO | 3699749(27.41%) | 9800251 (72.59%)

0214 00200000000070070000¢0

g g
100 | 36.11%
10 | 25.48%

1 20.63%
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O000000o0o0O0O0o0o0oooooooooOoooooO0 (Do)oooooooo
guoouobbtbodgoououooooobbboooooobobboooooon
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O00000000000000000000000(0DO)0000DOooOO0O0O 16O

QO0000O00D0DOO000ODOO00OO0O0DOOOUDDO (s,e)0O0OCODOOO
00000000000 sO000 « 00000000000 Q(s,a) 0000000
000 sO0000000 A(s) 0000 U(s)DODOOODODOODOOOOOOOOO
000 U(s) DODO0000D0000A(s) = MaxArg,Q(s,a), U(s) = Q(s, A(s)).
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Qs, A(s)) = R(s,A()) + Y 05 - U(j) (3.1)

000 Bellmen 0OOOOO0O0O0O0O0O0OODO
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000 Yo, -U(j) 0000 A(s) 00000000
00000000000000000000000000; 0000000000
000000000000 0000000 QOOOOO0O00O0000000 00
0000000000000000000000 2000000000 0 0000
0 0000O0ay00000000000.

Q(s, A(s)) = (1 — a)Q(s, A(s)) + a(R(s, A(s)) +7Q(s", A(5))) (3.2)
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e~ T

P(als) = ———— (3.3)
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033 000000obo

00000000 (LI0),(I1,1) 000000000 200000 (1,1),1,11) 0
000000000000000000000000
0000000000000000000 (Prisoner’s dilemma) 00000000
00000000000000000000000000000000 310000
(I,)DOOO (33)000 (I1,I1) 0000 (44)000000000000000
00000000000000000000000000000000000000
0000000 (Pareto optimum) 000000000000 330000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000

3.32 0000 QOO

000000000000 000000000000000 QOOO00000 QO
0 (Nash-Q learning) 00000000 QOOO00O0000O00O00O0O0O0O00000
0000000000000 0000000000 QOO0O00000000000
0000000000000000000000000000 QOOO0000000
03800000 Q0000000000000 00000000000000000
000000000000000000000

0000 QOOO00000000000000000000000 QOUOO0O0
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000
000000000000000 QUOO0000 QUOO000D00000N0Ono
0000000000 QODO0O000(00000000)000000000000

00s0000 00000040 Q00 Qis,ai,...,a,) 0000000000
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oooooo

Qi(s,a1,...,a,) <+ Qis,ay,...,a,)
+adr; + YNashQ;(s') — Qi(s, a1, ...,a,)}
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