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In the supplementary material, we provide the PyTorch source code for im-
plementing our proposed Attentive Normalization. The complete source codes
for reproducing all the ImageNet experiments and COCO experiments are pro-
vided too. Please follow the readme in each code package. Due to space limit, we
can not upload the pre-trained models, which will be made publicly available.

We note that our codes are built on several existing code bases: the vanilla
AOGNets [2], different networks implemented in TorchVision, the MMDetection
package [1], and the NVIDIA APEX library. We will properly credit those code
bases in our public release of the code.

1 from __future__ import absolute_import
2 from __future__ import division
3 from __future__ import print_function
4 from __future__ import unicode_literals
5

6 import torch
7 import torch.nn as nn
8 import torch.nn.functional as F
9

10 _inplace = True
11 _norm_eps = 1e-5
12

13

14 ### hsigmoid
15 class hsigmoid(nn.Module):
16 def forward(self , x):
17 out = F.relu6(x + 3, inplace=True) / 6
18 return out
19

20

21 ### Feature Norm
22 def FeatureNorm(norm_name , num_channels , num_groups , num_k , attention_mode):
23 if norm_name == "BatchNorm2d":
24 return nn.BatchNorm2d(num_channels , eps=_norm_eps)
25 elif norm_name == "GroupNorm":
26 assert num_groups > 1
27 if num_channels % num_groups != 0:
28 raise ValueError("channels {} not dividable by groups {}".format(
29 num_channels , num_groups))
30 return nn.GroupNorm(num_channels , num_groups , eps=_norm_eps)
31 elif norm_name == "AttentiveBatchNorm2d":
32 assert num_k > 1
33 return AttentiveBatchNorm2d(num_channels , num_k , attention_mode)
34 elif norm_name == "AttentiveGroupNorm":
35 assert num_groups > 1 and num_k > 1
36 if num_channels % num_groups != 0:
37 raise ValueError("channels {} not dividable by groups {}".format(
38 num_channels , num_groups))
39 return AttentiveGroupNorm(num_channels , num_groups , num_k ,
40 attention_mode)
41 else:
42 raise NotImplementedError("Unknown feature norm name")
43
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44

45 ### Attention weights for attentive norm
46 class AttentionWeights(nn.Module):
47 expansion = 2
48 def __init__(self , attention_mode , num_channels , k,
49 norm_name=None , norm_groups =0):
50 super(AttentionWeights , self).__init__ ()
51 self.k = k
52 self.avgpool = nn.AdaptiveAvgPool2d (1)
53 layers = []
54 if attention_mode == 0:
55 layers = [ nn.Conv2d(num_channels , k, 1),
56 nn.Sigmoid () ]
57 elif attention_mode == 4:
58 layers = [ nn.Conv2d(num_channels , k, 1),
59 hsigmoid () ]
60 elif attention_mode == 1:
61 layers = [ nn.Conv2d(num_channels , k*self.expansion , 1),
62 nn.ReLU(inplace=True),
63 nn.Conv2d(k*self.expansion , k, 1),
64 nn.Sigmoid () ]
65 elif attention_mode == 2: # best , others for ablation study
66 assert norm_name is not None
67 layers = [ nn.Conv2d(num_channels , k, 1, bias=False),
68 FeatureNorm(norm_name , k, norm_groups , 0, 0),
69 hsigmoid () ]
70 elif attention_mode == 5:
71 assert norm_name is not None
72 layers = [ nn.Conv2d(num_channels , k, 1, bias=False),
73 FeatureNorm(norm_name , k, norm_groups , 0, 0),
74 nn.Sigmoid () ]
75 elif attention_mode == 6:
76 assert norm_name is not None
77 layers = [ nn.Conv2d(num_channels , k, 1, bias=False),
78 FeatureNorm(norm_name , k, norm_groups , 0, 0),
79 nn.Softmax(dim=1) ]
80 elif attention_mode == 3:
81 assert norm_name is not None
82 layers = [ nn.Conv2d(num_channels , k*self.expansion , 1, bias=

False),
83 FeatureNorm(norm_name , k*self.expansion , norm_groups ,

0,
84 0),
85 nn.ReLU(inplace=True),
86 nn.Conv2d(k*self.expansion , k, 1, bias=False),
87 FeatureNorm(norm_name , k, norm_groups , 0, 0),
88 hsigmoid () ]
89 else:
90 raise NotImplementedError("Unknow attention weight type")
91 self.attention = nn.Sequential (* layers)
92

93 def forward(self , x):
94 b, c, _, _ = x.size()
95 y = self.avgpool(x)
96 var = torch.var(x, dim=(2, 3)).view(b, c, 1, 1)
97 y *= (var + 1e-3).rsqrt() # RSD
98 #y = torch.cat((y, var), dim=1) # for ablation study
99 return self.attention(y).view(b, self.k)

100

101

102 ### AN w/ BN
103 class AttentiveBatchNorm2d(nn.BatchNorm2d):
104 def __init__(self , num_channels , k, attention_mode ,
105 eps=_norm_eps , momentum =0.1, track_running_stats=True):
106 super(AttentiveBatchNorm2d , self).__init__(num_channels , eps=eps ,
107 momentum=momentum , affine=False ,
108 track_running_stats=track_running_stats)
109 self.k = k
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110 self.weight_ = nn.Parameter(torch.Tensor(k, num_channels))
111 self.bias_ = nn.Parameter(torch.Tensor(k, num_channels))
112

113 self.attention_weights = AttentionWeights(attention_mode ,
num_channels ,

114 k, norm_name=’BatchNorm2d ’)
115

116 self._init_params ()
117

118 def _init_params(self):
119 nn.init.normal_(self.weight_ , 1, 0.1)
120 nn.init.normal_(self.bias_ , 0, 0.1)
121

122 def forward(self , x):
123 output = super(AttentiveBatchNorm2d , self).forward(x)
124 size = output.size()
125 y = self.attention_weights(x) # bxk
126

127 weight = y @ self.weight_ # bxc
128 bias = y @ self.bias_ # bxc
129 weight = weight.unsqueeze (-1).unsqueeze (-1).expand(size)
130 bias = bias.unsqueeze (-1).unsqueeze (-1).expand(size)
131

132 return weight * output + bias
133

134

135 # AN w/ GN
136 class AttentiveGroupNorm(nn.Module):
137 __constants__ = [’num_groups ’, ’num_channels ’, ’k’, ’eps’, ’weight ’,
138 ’bias’]
139

140 def __init__(self , num_channels , num_groups , k, attention_mode ,
141 eps=_norm_eps):
142 super(AttentiveGroupNorm , self).__init__ ()
143 self.num_groups = num_groups
144 self.num_channels = num_channels
145 self.k = k
146 self.eps = eps
147 self.affine = True
148 self.weight_ = nn.Parameter(torch.Tensor(k, num_channels))
149 self.bias_ = nn.Parameter(torch.Tensor(k, num_channels))
150 self.register_parameter(’weight ’, None)
151 self.register_parameter(’bias’, None)
152

153 self.attention_weights = AttentionWeights(attention_mode ,
num_channels ,

154 k,
155 norm_name=’GroupNorm ’, norm_groups =1)
156

157 self.reset_parameters ()
158

159 def reset_parameters(self):
160 nn.init.normal_(self.weight_ , 1, 0.1)
161 nn.init.normal_(self.bias_ , 0, 0.1)
162

163 def forward(self , x):
164 output = F.group_norm(
165 x, self.num_groups , self.weight , self.bias , self.eps)
166 size = output.size()
167

168 y = self.attention_weights(x)
169

170 weight = y @ self.weight_
171 bias = y @ self.bias_
172

173 weight = weight.unsqueeze (-1).unsqueeze (-1).expand(size)
174 bias = bias.unsqueeze (-1).unsqueeze (-1).expand(size)
175
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176 return weight * output + bias
177

178 def extra_repr(self):
179 return ’{num_groups}, {num_channels}, eps={eps}, ’ \
180 ’affine ={ affine}’.format (** self.__dict__)
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