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2.

n D1, D2, · · · , Dn

Dj (j = 1, · · · , n) kj (= 1, 2, · · · )
D1, D2, · · · , Dn

m v1, v2, · · · , vm
vi (i = 1, 2, · · · ,m) Dj dij [10]

dij =
lijgi
nj

. (1)

lij vi Dj lij

vi Dj fij (term frequency: TF)

lij = fij

[11]

lij (logarithmic TF)

lij = log(1 + fij) (2)

(1) gi vi

(inverse document frequency: IDF)

gi = log
n

ni
(3)

ni vi IDF

[11] (1) nj

nj =

√√√√ m∑
i=1

(lijgi)
2

(4)
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κ1, κ2, · · · , κk

κi Dj

tij =

{
1 κi Dj

0
(5)

Dj

τj =

k∑
i=1

tij (6)

3.

(1) (5)

1

1 m

l (= 1, 2, · · · , L) hl

x = (x1, x2, · · · , xm)
T

l (= 1, 2, · · · , L) a(l) =(
a
(l)
1 , a

(l)
2 , · · · , a(l)hl

)T

l b(l) =
(
b
(l)
1 , b

(l)
2 , · · · , b(l)hl

)T
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x 1 a(1)

a(1) = f (1)
(
W (1)x+ b(1)

)
(7)

W (1) 1

W (1) =

⎛
⎜⎜⎜⎜⎝

w
(1)
11 w

(1)
21 · · · w

(1)
m1

w
(1)
12 w

(1)
22 · · · w

(1)
m2

...
...

. . .
...

w
(1)
1h1

w
(1)
2h1

· · · w
(1)
mh1

⎞
⎟⎟⎟⎟⎠ (8)

l a(l) l − 1 a(l−1)

a(l) = f (l)
(
W (l)a(l−1) + b(l)

)
, l = 2, 3, · · · , L (9)

W (l)

W (l) =

⎛
⎜⎜⎜⎜⎝

w
(l)
11 w

(l)
21 · · · w

(l)
hl−11

w
(l)
12 w

(l)
22 · · · w

(l)
hl−12

...
...

. . .
...

w
(l)
1hl

w
(l)
2hl

· · · w
(l)
hl−1hl

⎞
⎟⎟⎟⎟⎠ , l = 2, 3, · · · , L (10)

(7) (9) f (l)(·) (l = 1, 2, · · · , L)
σ(x) tanhx ReLU (Rectified Linear Unit /

) relu(x)

σ(x) =
1

1 + e−x
, (11)

tanhx =
ex − e−x

ex + e−x
, (12)

relu(x) = max(0, x). (13)

k

y = (y1, y2, · · · , yk)T L a(L) y

y = f (L+1)
(
W (L+1)a(L) + b(L+1)

)
(14)

W (L+1) =

⎛
⎜⎜⎜⎜⎝

w
(L+1)
11 w

(L+1)
21 · · · w

(L+1)
hL1

w
(L+1)
12 w

(L+1)
22 · · · w

(L+1)
hL2

...
...

. . .
...

w
(L+1)
1k w

(L+1)
2k · · · w

(L+1)
hLk

⎞
⎟⎟⎟⎟⎠ , (15)
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b(L+1) =
(
b
(L+1)
1 , b

(L+1)
2 , · · · , b(L+1)

k

)T

(16)

(14) f (L+1)(·)

f (L+1)(·)
(7) (9) (14)

ntr (< n)

x (1)

2

E =
1

ntr

ntr∑
j=1

k∑
i=1

(yij − tij)
2

(17)

yij Dj i

tij (5) κi Dj

(17) W (l) (l = 1, 2, · · · , L + 1)

b(l) (l = 1, 2, · · · , L+ 1)

nte (= n− ntr) x y

4.

D

4.1

D 2007 1 2017 12

2556

2556 7315

1 1 2

FPGA 28 58
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1

28 23 19 18 17 16 15 14 13 12 11 10

2 2 1 3 3 5 2 5 9 5 12 9

2 4 5 8 11 16 18 23 32 37 49 58

9 8 7 6 5 4 3 2 1

8 12 29 44 65 131 255 773 5978

66 78 107 151 216 347 602 1375 7353

2

Dataset

(k) (n) (m) (ntr) (nte)

DS-10 ≥ 10 58 698 5595 600 98

10 1 5978

1

10

2

10

k = 58 58

n = 698 698 MeCab [12]

m = 5595

(1)

4.2

2 698 ntr = 600 nte = 98

600

98

TensorFlow [9] Python 3 NVIDIA [13] GPU

(GeForce 1070Ti)

(17)
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TensorFlow

ntr

b (> 1)

b

b (epoch)

b = 4

4.3

L = 1, 2, 3, 4

(11)–(13)

h = h1 = · · · = hL

100 600

2–4 2–4

2 3

h = 50 h = 2500 h = 100 h = 250

h

4 h = 50 h = 2500

h

5–7

Dj τj (14)

yi (i = 1, · · · , k) τj

5–7 h

100%

5–7

8–10
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3 α L = 2, h = 500

α (1) (2)

0.1 36213 8308 27905 22.94% 74.21%

0.2 10873 6109 4764 56.19% 54.56%

0.3 5379 4216 1163 78.38% 37.66%

0.4 3108 2768 340 89.06% 24.72%

0.5 1759 1637 122 93.06% 14.62%

0.6 911 865 46 94.95% 7.73%

0.7 457 443 14 96.94% 3.96%

0.8 162 152 10 93.83% 1.36%

0.9 55 54 1 98.18% 0.48%

4 α L = 2, h = 500

α (1) (2)

0.1 52970 8525 44445 16.09% 76.16%

0.2 12487 6420 6067 51.41% 57.36%

0.3 5878 4561 1317 77.59% 40.75%

0.4 3484 3066 418 88.00% 27.39%

0.5 1952 1795 157 91.96% 16.04%

0.6 956 906 50 94.77% 8.09%

0.7 499 485 14 97.19% 4.33%

0.8 195 181 14 92.82% 1.62%

0.9 53 51 2 96.23% 0.46%

5 α L = 4, h = 250

α (1) (2)

0.1 30341 7744 22597 25.52% 69.19%

0.2 9993 5888 4105 58.92% 52.61%

0.3 5609 4441 1168 79.18% 39.68%

0.4 3528 3123 405 88.52% 27.90%

0.5 2133 1938 195 90.86% 17.32%

0.6 1262 1164 98 92.23% 10.40%

0.7 625 593 32 94.88% 5.30%

0.8 245 233 12 95.10% 2.08%

0.9 97 95 2 97.94% 0.85%
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(1)

(2)

(1) α

(2) α

3–5 α = 0.2

(1) (2) 50%

5.
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