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[1]. Ridge ( 4).

.

.

M x ∈ R
M w ∈ R

M

.

x = [x1, x2, · · · , xM ] (1)

w = [w1, w2, · · · , wM ]⊤ (2)

(1) (2) y .

y = xw (3)

N (3) y ∈ R
N .

y = Xw (4)
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4:

X =















x11 x12 · · · x1M−1 x1M

x21 x22 · · · x2M−1 x2M

...
...

. . .
...

...

x11 x12 · · · xN−1M−1 xN−1M

xN1 xN2 · · · xNM−1 xNM















(5)

X . Ridge

(6) .

minimize
w

‖Xw − t‖2
2
+ α‖w‖2

2
(6)

X :
w :
t :
α : (0 ≦ α ≦ 1)

α 0 .

α . α 0.01 .

(3) y .

.

[2]. .

.

R2 = 1−

N
∑

n=1

(tn − yn)
2

N
∑

n=1

(tn − t̄)2

(7)

R2 :
t̄ :

1 1 .
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L2
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5:

500000 1000 . .

1. .

2. N .

3. L1 2.7m ≤ L1 ≤ 4.0m .

4. L2 6.0m ≤ L2 ≤ 12.0m 1.0m .

5. N 50 N 30 ≤ N ≤ 50 N 1 ≤ N ≤ 10
.

6. .

7. 1 22 ( 1mm

).

8. .

9. 205GPa ( ).

10. 100kN .

1:
B[mm] t[mm] B[mm] t[mm]

A 112.3 3.5 L 265.4 7.0

B 112.3 5.0 M 265.4 8.3

C 137.8 3.5 N 265.4 11.7

D 137.8 5.6 O 316.5 9.3

E 163.2 4.0 P 316.5 11.7

F 163.2 6.1 Q 353.6 8.5

G 188.7 4.3 R 353.6 11.7

H 188.7 6.0 S 398.0 8.0

I 214.3 7.2 T 398.0 11.0

J 214.3 9.3 U 404.4 8.5

K 214.3 11.7 V 404.4 11.7
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500000 1000 OpenSeesPy [3]

.

[4] .

K = kh ·B · L (8)

kh = α · E0 · B̄
−3/4 (9)

K : [kN/m]
B : [m]

L : [m]

kh : [kN/m3]

α : 60 80

E0 : (700 N )

B̄ : ( cm )

(6)

(3) .
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4 Ridge
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2:
Model 1 2 · · · 499999 500000

Mmax[kNm] 115.2 142.4 · · · 150.7 95.9

[m] 1.7 1.9 · · · 2.2 2.1

N

0
5
...

42
50

0
8
...

30
50

· · ·

0
10
...

50
50

0
2
...

31
50

0
60
...

80
80

0
60
...

80
80

· · ·

0
60
...

80
80

0
60
...

80
80

[m]

2.9
1.0
...

1.0
1.0

3.3
1.0
...

1.0
1.0

· · ·

3.7
1.0

...
1.0
1.0

3.1
1.0
...

1.0
1.0

B[mm] 140 114 · · · 165 190
t[mm] 3.5 3.5 · · · 4.0 6.0

3:
Model 1 2 · · · 9 10
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0
60
...

80
80

· · ·

0
60
...

80
80

0
60
...

80
80

[m]

3.0
1.0

...
0.0
0.0

3.1
1.0
...

0.0
0.0

· · ·

3.4
1.0
...

0.0
0.0

2.7
1.0
...

1.0
0.0

B[mm] 267 140 · · · 114 319
t[mm] 7.0 5.6 · · · 5.0 11.7

.

.
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a) b) c) a) b) c)

11: 5 12: 6

a) b) c) a) b) c)

13: 7 14: 8

a) b) c) a) b) c)

15: 9 16: 10
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0.82 .

.
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4:
[kNm] [kNm] [kNm] /

1 98.42 98.33 0.09 1.00

2 122.13 116.51 5.62 1.05

3 120.65 120.01 0.63 1.01

4 93.09 81.65 11.44 1.14

5 107.69 106.98 0.71 1.01

6 114.32 120.25 -5.93 0.95

7 82.18 124.10 -41.92 0.66

8 85.65 83.44 2.21 1.03

9 136.44 144.24 -7.80 0.95

10 79.17 81.92 -2.75 0.97

5: ( )
[m] [m] [m] /

1 1.99 2.00 -0.01 0.99

2 2.11 2.00 0.11 1.05

3 1.97 1.90 0.07 1.03

4 2.44 2.40 0.04 1.02

5 1.99 2.00 -0.01 0.99

6 1.62 1.70 -0.08 0.95

7 2.61 2.90 -0.29 0.90

8 2.26 2.20 0.06 1.03

9 1.97 2.00 -0.03 0.99

10 2.19 2.20 -0.01 0.99

6:
R2

Mmax 0.820339 0.820036

0.964383 0.964445

5

0.96

k k 5

10 k = 10 k k

2 1, 3, 4, · · · , k
k k

10 9 1

10 Ridge

α α

α

α

k = 10 α α = [0.001, 0.01, 0.1, 1.0]

7 10
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7: 10
α 0.001 0.01 0.1 1

1 0.964442 0.96444 0.964355 0.961645

2 0.964987 0.964983 0.964883 0.962115

3 0.964089 0.964086 0.96399 0.961176

4 0.965141 0.965141 0.96507 0.962402

5 0.964392 0.964391 0.964309 0.961609

6 0.963925 0.963924 0.963849 0.961179

7 0.964023 0.964022 0.963952 0.961288

8 0.963974 0.963976 0.963931 0.96142

9 0.963977 0.963978 0.963918 0.961354

10 0.965135 0.965135 0.965073 0.962481

average 0.964409 0.964408 0.964333 0.961667

Rank of score 1 2 3 4

7 α 0.96 α = [0.001, 0.01, 0.1, 1.0]
[0.964409, 0.964408, 0.964333, 0.961667] 0.96

α

α [0.001, 0.01, 0.1, 1.0] 1 2 3 4

α 0.001 10 α

0.96

0.96
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