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| Y=1(100), =0 (100)]

A<ca N Az a

Y=1(70), Y=0 (30) ‘ =1(30), Y=0 (70)

B<cz \\\\ B»=0 B<cs ' \\\\\\ Bs=r¢

Y=1(65), Y=0(3) Y=1(5), Y=0 (27) Y=1(5), Y=0 (66) Y=1(25), Y=0 4)
Decision : 1 Decision : 0 Decision : 0 Decision : 1

OF o2 FgHEor HAH(Boosting) ¥iE|E2 Freund2}
Schapire(1997)°] Q& 202 EZ(Classification) ZAIE Tt
F7] Sl o= Ao, 3HEAL} ERwAl Bl &
Q

SF &= QA1 S golsty] W&o ¥ ARl darg]Eolgty &
0]o.

=
HAE ek 8]20 A basis function 2.2 F2 AR EE AL

- Stump+ 7P 7HAst Fejo] JAFEAH U (Decision tree)2
root node®llA HHTF £7]5k= & @=E(teminal node)7}t
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=
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J
Na;0) =Yy l@ER)
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A A, 0 = { Ry} 2 FATHoFE 24E e

<

. N
1. Initialize fo(x) = arg;ngL(yi, 7)
i=1

2. Form=1to M:
(@) Fori = 1,2, -+, N Compute

L [ oL(y,, f ()
Tem = of (xz)

f:fmfl
(b) Fit a regression tree to the targets 7;, giving

terminal resions

= 1727"'7J

m

R

m) t

argmin
(C) fyjm - g,y Z L(yﬂ fm*l(xi) + ’)/)
. €ER,

I
(d) Update f,,(z) = f,,_(x) + E’ij[($Eij)

j=1

3. Output J?($) = fM(CC)
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STYA 2= 7IE(R)

(B27170] 22 1.6t &8)

0

0 =3 ~ 100,000 °Js}

100,000 23} ~ 200,000 ©]3}

200,000 %3} ~ 300,000 ©]

300,000 %3} ~ 400,000 ©]

400,000 =3+ ~ 500,000 ©]

500,000 %3} ~ 600,000 ©]

600,000 23} ~ 700,000 ©]

700,000 %3+ ~ 800,000 ©]

800,000 3} ~ 810,000 ©]

810,000 =3} ~ 820,000 °]

820,000 =3} ~ 830,000 ©]

830,000 27} ~ 840,000 ©]

840,000 =3} ~ 850,000 ©]

850,000 23} ~ 860,000 ©]

860,000 27} ~ 870,000 ©]

870,000 =3} ~ 880,000 ©]

880,000 23} ~ 890,000 ©]

890,000 =3+ ~ 900,000 ©]

900,000 %3+ ~ 910,000 ©]

910,000 23 ~ 920,000 ©]

8 oA 4
22
20174
£ X 35
ol ZoH!
HiE HIZ
37.70% 37.70%
7.07% 44.77%
7.06% 51.83%
6.11% 57.94%
4.92% 62.86%
4.32% 67.18%
3.41% 70.59%
2.89% 73.48%
2.32% 75.80%
0.20% 76.00%
0.18% 76.18%
0.20% 76.39%
0.21% 76.60%
0.17% 76.77%
0.18% 76.95%
0.21% 77.16%
0.17% 77.33%
0.18% 77.51%
0.17% 77.68%
0.16% 77.84%
0.17% 78.01%
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2016 20174
Z==XIOHO| CHE 7|=(L
S 2e 10018 | o | o | | o
= HiZ HiE HiZ
920,000 %3} ~ 930,000 ©J5} 0.14% | 80.98% | 0.15% | 78.16%
930,000 3} ~ 940,000 |3} 0.14% | 81.12% | 0.15% | 78.31%
940,000 %3} ~ 950,000 ©|5} 0.13% | 81.25% | 0.21% | 78.52%
950,000 3} ~ 960,000 ©|5} 0.15% | 81.40% | 0.14% | 78.66%
960,000 %3} ~ 970,000 ©J3} 0.13% | 81.53% | 0.14% | 78.80%
970,000 23} ~ 980,000 °J3t 0.13% 81.66% 0.19% 78.99%
980,000 %3} ~ 990,000 ©J5} 0.13% | 81.78% | 0.15% | 79.14%

990,000 &3 ~ 1,000,000 °lst 0.14% 81.93% 0.15% 79.29%

1,000,000 3} ~ 1,010,000 °lsk 0.16% 82.09% 0.14% 79.44%

1,010,000 %3} ~ 1,020,000 ©]s} 0.12% 82.22% 0.13% 79.57%

1,020,000 =3+ ~ 1,030,000 ©Js} 0.13% 82.35% 0.14% 79.71%

1,030,000 %3} ~ 1,040,000 ©Jst 0.12% 82.47% 0.13% 79.84%

1,040,000 =3} ~ 1,050,000 °J5} 0.12% 82.60% 0.16% 80.00%

1,050,000 %3} ~ 1,060,000 °Js} 0.13% 82.72% 0.13% 80.13%

1,060,000 3} ~ 1,070,000 °Jst 0.12% 82.84% 0.13% 80.25%

1,070,000 %3} ~ 1,080,000 °J5} 0.12% 82.96% 0.12% 80.37%

1,080,000 =3+ ~ 1,090,000 °lst 0.13% 83.09% 0.15% 80.52%

1,090,000 %3} ~ 1,100,000 ©]s} 0.11% 83.20% 0.13% 80.66%

1,100,000 %3} ~ 1,110,000 °Js} 0.14% 83.35% 0.13% 80.78%

1,110,000 %3} ~ 1,120,000 ©Jst 0.11% 83.45% 0.13% 80.91%

1,120,000 %3} ~ 1,130,000 °]s} 0.11% 83.57% 0.12% 81.03%

1,130,000 %3} ~ 1,140,000 °J5} 0.12% 83.69% 0.15% 81.18%

1,140,000 %3} ~ 1,150,000 ©]s} 0.12% 83.80% 0.11% 81.29%

1,150,000 3} ~ 1,160,000 °Js} 0.11% 83.91% 0.14% 81.43%
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1,160,000 &3} ~ 1,170,000 ©I3} | 0.11% | 84.02% | 0.11% | 81.54%
1,170,000 3} ~ 1,180,000 °I3} | 0.10% | 84.12% | 0.11% | 81.65%
1,180,000 %3 ~ 1,190,000 ©J3} | 0.12% | 84.24% | 0.14% | 81.79%
1,190,000 &3} ~ 1,200,000 ©I3} | 0.10% | 84.34% | 0.12% | 81.91%
1,200,000 &3 ~ 1,210,000 ©l3} | 0.10% | 84.44% | 0.11% | 82.02%
1,210,000 3 ~ 1,220,000 °I5 | 0.12% | 84.57% | 0.11% | 82.13%
1,220,000 &3 ~ 1,230,000 ©I3} | 0.11% | 84.67% | 0.11% | 82.24%
1,230,000 %3} ~ 1,240,000 ol8 | 0.09% | 84.77% | 0.10% | 82.35%
1,240,000 &3} ~ 1,250,000 ©I3} | 0.10% | 84.86% | 0.12% | 82.46%
1,250,000 3} ~ 1,260,000 ©I3} | 0.10% | 84.96% | 0.12% | 82.59%
1,260,000 %3 ~ 1,270,000 °I3F | 0.10% | 85.06% | 0.11% | 82.70%
1,270,000 &3} ~ 1,280,000 °I3} | 0.10% | 85.16% | 0.10% | 82.80%
1,280,000 %3 ~ 1,290,000 ©I5 | 0.09% | 85.25% | 0.10% | 82.90%
1,290,000 %3} ~ 1,300,000 ©ls} | 0.09% 85.34% 0.13% 83.04%
1,300,000 &3} ~ 1,310,000 ©I3} | 0.08% | 85.43% | 0.11% | 83.14%
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1,380,000 %3} ~ 1,390,000 °l3t | 0.09% | 86.14% | 0.10% | 83.97%
1,390,000 3} ~ 1,400,000 ©ls} | 0.08% | 86.22% | 0.10% | 84.06%
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1,400,000 =3} ~ 1,410,000 ©ls}k 0.08% 86.30% 0.12% 84.19%

1,410,000 %3} ~ 1,420,000 ©]s} 0.07% 86.37% 0.09% 84.28%

1,420,000 =3+ ~ 1,430,000 ©]s} 0.09% 86.46% 0.09% 84.37%

1,430,000 %3} ~ 1,440,000 ©Jst 0.08% 86.54% 0.09% 84.46%

1,440,000 =3} ~ 1,450,000 °J5} 0.07% 86.60% 0.09% 84.54%

1,450,000 %3} ~ 1,460,000 °J5} 0.08% 86.69% 0.10% 84.64%

1,460,000 %3} ~ 1,470,000 ©]s} 0.07% 86.76% 0.12% 84.76%
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1,490,000 %3} ~ 1,500,000 ©]s} 0.07% 86.97% 0.08% 85.00%
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1,600,000 =3} ~ 1,700,000 °lst 0.58% 88.22% 0.67% 86.49%

1,700,000 %3} ~ 1,800,000 °J5} 0.56% 88.77% 0.61% 87.10%

1,800,000 %3} ~ 1,900,000 °Js} 0.50% 89.27% 0.53% 87.63%

1,900,000 %3} ~ 2,000,000 ©]s} 0.46% 89.73% 0.51% 88.14%

2,000,000 &3t 10.27% | 100.00% | 11.86% | 100.00%
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2016. 8¢ 510,991 347,847 68.07
2016. 94 511,225 348,657 68.20
2016. 108 511,500 349,259 68.28
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Breiman, L. (2001). Random forests. Machine learning, 45(1), 5-32.

Y. Freund and R. E. Schapire (1997). "A decision-theoretic
generalization of online learning and an application to boosting”,
Journal of Computer and System Sciences, 55(1):119-139.

J. H. Friedman (2001). "Greedy Function Approximation: A Gradient
Boosting Machine", Annals of Statistics 29(5):1189-1232.

J. H. Friedman, T. Hastie, R. Tibshirani (2000). "Additive Logistic
Regression: a Statistical View of Boosting', Annals of Statistics
28(2):337-374.

T. Hastie, R. Tibshirani, J. H. Friedman (2001). "The Elements of

Statistical Learning", Springer.
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0 37.70% | 37.70% | 16.60% | 16.60%
0 %3} ~ 100,000 °]3} 7.07% | 44.77% | 5.28% | 21.88%
100,000 %3} ~ 200,000 °lst 7.06% | 51.83% | 9.00% | 30.88%
200,000 %3} ~ 300,000 ©]3} 6.11% | 57.94% | 8.08% | 38.95%
300,000 %3} ~ 400,000 ©]3} 4.92% | 62.86% | 6.75% | 45.71%
400,000 23 ~ 500,000 ©]3t 4.32% | 67.18% | 5.63% 51.34%
500,000 %3} ~ 600,000 ©]5} 3.41% | 70.59% | 4.86% 56.20%
600,000 23 ~ 700,000 ©]st 2.89% | 73.48% | 4.36% | 60.56%
700,000 23} ~ 800,000 ©]3} 2.32% | 75.80% | 3.85% | 64.41%
800,000 %23} ~ 810,000 °©]3} 0.20% | 76.00% | 0.36% | 64.77%
810,000 23} ~ 820,000 ©l3t 0.18% | 76.18% | 0.36% | 65.13%
820,000 %3} ~ 830,000 ©Jst 0.20% | 76.39% | 0.35% 65.48%
830,000 %3} ~ 840,000 °J3}k 0.21% | 76.60% | 0.35% 65.83%
840,000 23 ~ 850,000 °©]3t 0.17% | 76.77% | 0.34% | 66.17%
850,000 23} ~ 860,000 °©l3} 0.18% | 76.95% | 0.34% | 66.52%
860,000 23} ~ 870,000 ©l3} 0.21% | 77.16% | 0.34% | 66.86%
870,000 %3} ~ 880,000 ©]3} 0.17% | 77.33% | 0.35% | 67.21%
880,000 %3} ~ 890,000 ©I3} 0.18% | 77.51% | 0.33% | 67.54%
890,000 23 ~ 900,000 °©I3t 0.17% | 77.68% | 0.34% | 67.88%
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900,000 %3} ~ 910,000 ©J5} 0.16% | 77.84% | 0.32% | 68.20%
910,000 %3} ~ 920,000 °[st 0.17% | 78.01% | 0.31% | 68.51%
920,000 %3} ~ 930,000 |5} 0.15% | 78.16% | 0.31% | 68.82%
930,000 23} ~ 940,000 ©Jst 0.15% | 7831% | 0.30% | 69.12%
940,000 %3+ ~ 950,000 ©l3t 0.21% | 7852% | 0.30% | 69.42%
950,000 %3} ~ 960,000 ©J5} 0.14% | 78.66% | 0.29% | 69.71%
960,000 23} ~ 970,000 ©Js} 0.14% | 78.80% | 0.28% | 69.98%
970,000 %3} ~ 980,000 °Js} 0.19% | 78.99% | 0.28% | 70.26%
980,000 3} ~ 990,000 ©J5} 0.15% | 79.14% | 0.27% | 70.54%
990,000 %3} ~ 1,000,000 ©J3} 0.15% | 79.29% | 0.28% | 70.81%
1,000,000 %3} ~ 1,010,000 °]3} 0.14% | 79.44% | 0.27% | 71.08%
1,010,000 %3} ~ 1,020,000 ©l3t 0.13% | 79.57% | 0.26% | 71.34%
1,020,000 %3+ ~ 1,030,000 °]3} 0.14% | 79.71% | 0.26% | 71.59%
1,030,000 %3+ ~ 1,040,000 °©|3} 0.13% | 79.84% | 0.26% | 71.85%
1,040,000 %3+ ~ 1,050,000 °]3} 0.16% | 80.00% | 0.25% | 72.10%
1,050,000 %3} ~ 1,060,000 °]3} 0.13% | 80.13% | 0.24% | 72.34%
1,060,000 3} ~ 1,070,000 ©|3} 0.13% | 80.25% | 0.24% | 72.58%
1,070,000 &3} ~ 1,080,000 °]3} 0.12% | 80.37% | 0.23% | 72.81%
1,080,000 %3} ~ 1,090,000 °]5} 0.15% | 80.52% | 0.23% | 73.04%
1,090,000 %3} ~ 1,100,000 °]3} 0.13% | 80.66% | 0.23% | 73.27%
1,100,000 &3} ~ 1,110,000 °]3} 0.13% | 80.78% | 0.22% | 73.49%
1,110,000 3} ~ 1,120,000 °]s} 0.13% | 80.91% | 0.21% | 73.70%
1,120,000 %3+ ~ 1,130,000 °]3} 0.12% | 81.03% | 0.17% | 73.86%
1,130,000 %3} ~ 1,140,000 °]3} 0.15% | 81.18% | 0.16% | 74.03%
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1,140,000 =3} ~ 1,150,000 °|s} 0.11% 81.29% 0.16% 74.19%

1,150,000 %3 ~ 1,160,000 °J5} 0.14% 81.43% 0.16% 74.35%

1,160,000 %3} ~ 1,170,000 oJsf 0.11% 81.54% 0.16% 74.51%

1,170,000 %3} ~ 1,180,000 °|s} 0.11% 81.65% 0.16% 74.66%

1,180,000 =3+ ~ 1,190,000 °Js} 0.14% 81.79% 0.16% 74.82%

1,190,000 %3} ~ 1,200,000 °|s} 0.12% 81.91% 0.16% 74.97%

1,200,000 %3} ~ 1,210,000 °Js} 0.11% 82.02% 0.15% 75.13%

1,210,000 &3} ~ 1,220,000 °|s} 0.11% 82.13% 0.15% 75.27%

1,220,000 %3} ~ 1,230,000 °Jsk 0.11% 82.24% 0.15% 75.42%

1,230,000 %3} ~ 1,240,000 °|s} 0.10% 82.35% 0.15% 75.57%

1,240,000 %3} ~ 1,250,000 ofsf 0.12% 82.46% 0.14% 75.71%

1,250,000 %3} ~ 1,260,000 °|s} 0.12% 82.59% 0.14% 75.85%

1,260,000 =3} ~ 1,270,000 °]s} 0.11% 82.70% 0.14% 75.99%

1,270,000 %3} ~ 1,280,000 °|s} 0.10% 82.80% 0.14% 76.13%

1,280,000 %3+ ~ 1,290,000 °]s} 0.10% 82.90% 0.14% 76.26%

1,290,000 %3} ~ 1,300,000 °]st 0.13% 83.04% 0.14% 76.40%

1,300,000 %3 ~ 1,310,000 °]st 0.11% 83.14% 0.13% 76.54%

1,310,000 %%} ~ 1,320,000 °Jst 0.11% 83.25% 0.13% 76.67%

1,320,000 %3} ~ 1,330,000 °]st 0.10% 83.35% 0.13% 76.80%

1,330,000 %3} ~ 1,340,000 °|5} 0.11% 83.47% 0.13% 76.93%

1,340,000 %3} ~ 1,350,000 ©]5} 0.10% | 83.56% | 0.13% 77.07%

1,350,000 %3 ~ 1,360,000 °]st 0.10% 83.66% 0.13% 77.20%

1,360,000 %3} ~ 1,370,000 °|s} 0.11% 83.78% 0.12% 77.32%

1,370,000 23 ~ 1,380,000 °Js} 0.09% 83.80% 0.12% 77.44%
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1,380,000 %3} ~ 1,390,000 ©lat 0.10% | 83.97% | 0.12% | 77.57%
1,390,000 %7} ~ 1,400,000 ©l&t 0.10% | 84.06% | 0.13% | 77.69%
1,400,000 %3} ~ 1,410,000 ©]at 0.12% | 84.19% | 0.13% | 77.82%
1,410,000 %7+ ~ 1,420,000 ©]&t 0.09% | 84.28% | 0.12% | 77.94%
1,420,000 %3} ~ 1,430,000 °lat 0.09% | 84.37% | 0.12% | 78.07%
1,430,000 %3} ~ 1,440,000 ©]st 0.09% | 84.46% | 0.12% | 78.18%
1,440,000 %3+ ~ 1,450,000 ©]&t 0.09% | 84.54% | 0.12% | 78.30%
1,450,000 %7} ~ 1,460,000 ©]at 0.10% | 84.64% | 0.12% | 78.42%
1,460,000 %7+ ~ 1,470,000 ©]st 0.12% | 84.76% | 0.11% | 78.53%
1,470,000 %7+ ~ 1,480,000 ©]at 0.08% | 84.84% | 0.12% | 78.65%
1,480,000 3} ~ 1,490,000 ©la} 0.08% | 84.91% | 0.11% | 78.76%
1,490,000 %3} ~ 1,500,000 ©]5t 0.08% | 85.00% | 0.12% | 78.88%
1,500,000 %3} ~ 1,600,000 °lst 0.83% | 85.83% | 1.09% | 79.97%
1,600,000 %3} ~ 1,700,000 °lst 0.67% | 86.49% | 0.99% | 80.96%
1,700,000 %3} ~ 1,800,000 °l5t 0.61% | 87.10% | 0.91% | 81.87%
1,800,000 23} ~ 1,900,000 °]&} 0.53% | 87.63% | 0.82% | 82.70%
1,900,000 %3} ~ 2,000,000 °lst 0.51% | 88.14% | 0.77% | 83.46%
2,000,000 %3} 11.86% | 100.00% | 16.54% | 100.00%
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