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Figure 2. Exan_1ple convolution operations in a convolutional layer (biases, sub-sampling, and non-linearity
omitted). The top figure presents the traditional convolution operations, while the bottom figure presents the
matrix version.
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AAEREpython{is, EIXMIMEEBABHAC+RIIM, EXLETEEIM, BRLEEApythong X
%27, FRAXEFERpythonFEINnumpyRLI,

—. BEIEOhRASEH

1 #!/usr/bin/env python3 thEX—AZE, FRHGRITEA T UERRAX T4
BFEETX R

2 # -*- coding = utf-8 -*-

3  import numpy as np

4

5 # ATEMLIEE, Eikbatch size = 1

6 class my conv(object):

7 def init (self, input data, weight data, stride, padding = 'SAME'):
8 self.input = np.asarray(input data, np.float32)

9 self.weights = np.asarray(weight data, np.float32)
10 self.stride = stride

11 self.padding = padding

12 def my conv2d(self):

13 LIRINI]
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self.input: ¢ * h * w # HWARNHEER

self.weights: ¢ * h * w

wnn

[c, h, w] = self.input.shape

[ke, k, ] = self.weights.shape # XBRINERZNK RS
assert ¢ == kc # WIREANchannel 5B channel F—EENRE

output = []
# MEEEIR, REBINEXR
for i in range(c):
f map = self.input[i]
kernel = self.weights[i]
rs = self.compute conv(f map, kernel)
if output == []:
output = rs
else:
output += rs
return output

def compute conv(self, fm, kernel):

[h, w] = fm.shape
[k, 1 = kernel.shape
if self.padding == 'SAME':

pad h = (self.stride * (h - 1) + k - h) // 2
pad w = (self.stride * (w - 1) + k - w) // 2

rs h =h

rs w=w
elif self.padding == 'VALID':

pad_h = 0

pad w = 0

rs h = (h - k) // self.stride + 1

rs w = (w - k) // self.stride + 1
elif self.padding == 'FULL':

pad_ h = k - 1
pad w = k - 1
rs h = (h+ 2 * pad h - k) // self.stride + 1
rs w = (w + 2 * pad w - k) // self.stride + 1

padding fm = np.zeros([h + 2 * pad h, w + 2 * pad w], np.float32)
padding fm[pad h:pad h+h, pad w:pad wt+w] = fm # SERAT fmfYzeros

padding

rs = np.zeros([rs h, rs w], np.float32)

for 1 in range(rs_h):

for j in range(rs_w):

roi = padding fm[i*self.stride: (i*self.stride + k),

j*self.stride: (j*self.stride + k)]

rs[i, j] = np.sum(roi * kernel) # np.asarrayf&=NFE » XK
TR
return rs
if name ==' main ':

input data = [
[
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70 iz, 0, 2, 1, ij,
71 (o, 1, o, o, 21,
72 i, ©, ©, 2, 11,
73 i, i, 2, 1, O,
74 (i, @, 1, 4, ii,
7

76 Iy

77 ]

78 weight data = [

79 [

80 [1, o, 11,

81 =i, i, @,

82 (o, -1, 01,

83 1,

84 [

85 (-1, 0, 17,

6 (0, 0, 171,

7 (i, i, 14J,

88 ]

89 1

90 conv = my conv (input data, weight data, 1, 'SAME')
91 print (conv.my conv2d())

—\ FEREFERRASTI

1 #!/usr/bin/env python3 HNEX—AfE, ERESDITRA TR UERERAX DN HR
HFEETXERRAE

2 # * coding = utf-8 *

3  import numpy as np

4

5

# ATEILEE, BiAbatch size = 1

6  class my_conv(object):

7 def init (self, input data, weight data, stride, padding = 'SAME'):
8 self.input = np.asarray(input data, np.float32)
9 self.weights = np.asarray(weight data, np.float32)
10 self.stride = stride
11 self.padding = padding
12 def my conv2d(self):
13 e
14 self.input: ¢ * h * w # BWARHIERR
15 self.weights: ¢ * h * w
16 e
17 [c, h, w] = self.input.shape
18 [ke, k, 1 = self.weights.shape # XBERINERZNKTIEE
19 assert ¢ == kc # HIRHWANchannel 5EMR &N channe 1 AF—KEREE
20 # rs_h'—i—rs_w?ﬂﬂ%féﬁtﬂﬂgfeature maplE 55
21 if self.padding == 'SAME':
22 pad h = (self.stride * (h - 1) + k - h) // 2
23 pad w = (self.stride * (w - 1) + k - w) // 2
24 rs h =h
25 rs w = w
26 elif self.padding == 'VALID':
27 pad h = 0
28 pad w = 0
29 rs h = (h - k) // self.stride + 1
30 rs w = (w - k) // self.stride + 1



31 elif self.padding == 'FULL':

32 pad h = k - 1

33 pad w = k - 1

34 rs_ h = (h+ 2 * pad h - k) // self.stride + 1

35 rs w= (w+ 2 * pad w - k) // self.stride + 1

36 # A Tzeros padding, EEpadding/FkARZHEN

37 pad fm = np.zeros([c, h+2*pad h, w+2*pad w], np.float32)

38 for i in range(c):

39 pad fm[i, pad h:pad h+h, pad w:pad wtw] = self.input[i]

40 # R AMEBRLIL AR MEARTRAIAAS

41 mat fm = np.zeros([rs h*rs w, kc*k*k], np.float32)

42 mat kernel = self.weights

43 mat kernel.shape = (kc*k*k, 1) # B RImE

44 row = 0

45 for 1 in range(rs_h):

46 for j in range(rs w):

47 roi = pad fm[:, i*self.stride: (i*self.stride+k),
j*self.stride: (j*self.stride+k)]

48 mat_fm[row] = roi.flatten() # fFroilRFk, BITRNITHE

49 row += 1

50 + BIRRVAEMETOEKI

51 rs = np.dot(mat fm, mat kernel) .reshape(rs_h, rs w)

52 return rs

53

54 if name ==' main_ ':

55 input data = [

56 [

57 i, @, 1, 2, 1i,

58 (0, 2, L, @, 1i,

59 (i, i, @, 2, 01,

60 12, 2, 1, 4, O,

61 (2, 0, 1, 2, 0,

62 1y

63 [

64 12, @, 2, 4, 17,

65 (¢, 1, 0, 0, 2],

66 i, ©, 0, 2, 11,

67 i, i, 2, 4, 07,

68 (i, @, i, 4, i,

69

70 1y

7 ]

72 weight data = [

73 [

74 (1, o, 11,

75 (-1, 1, 01,

76 (0, -1, 01,

77 1y

78 [

79 (-1, 0, 11,

80 [0, 0, 1],

81 (1, 1, 11,

82 ]

83 ]

84 conv = my conv (input data, weight data, 1, 'SAME')

85 print (conv.my conv2d())
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