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1. Architecture of the decomposer net

A block: conv ReLU

⊕

ReLUconv
block 

type 1

m×

Φ(𝑙)(𝑥)𝑥
block 

type 2

m×

block 

type 3

m×

conv

Figure 1. The architecture of the decomposer net.

2. Visualization of feature components
This section shows more visualization results in Section 4 in the paper by visualizing feature components decomposed
from the target feature in Figure 2. Given a pre-trained VGG-16 and input images in the CUB200-2011 dataset, we
decomposed and visualized feature components of different orders in Figure 5 in the paper. We took the feature in the
conv4-3 layer (with the size of 28× 28× 512) as the target feature f(x). Then, we decomposed the target feature and
visualized the feature map of a random channel in f(x), and the corresponding channel in c(l)(x) and Φ(l)(x). We found
that low-complexity feature components usually represented the general shape of objects, while high-complexity feature
components corresponded to detailed shape and noises.

3. Details of network compression and knowledge distillation
This section introduces more details about the network compression and knowledge distillation in Exp. 3.

Network compression based on (Han et al., 2015): We learned a compressed DNN by pruning and then quantization. In
the pruning phase, we pruned the DNN with the sensitivity rate 1.0 for all convolutional and fully connected layers. We
iteratively pruned the DNN and retrained the weights. The number of this iteration was 300, and the weights were retrained
for 20 epochs in our experiments. The weights in the pruned DNN was retrained for 100 epochs. For example, as a result,
ResNet-32 trained on CIFAR10-1000 had an overall pruning rate of 5.88× without affecting the accuracy significantly. To
compress further, we quantized weights in the DNN. For weights in convolutional layers, we quantized them to 8 bits, while
for weights in fully connected layers, we quantized them to 5 bits. In this way, we obtained the compressed DNN.

Knowledge distillation based on (Hinton et al., 2015): To obtain the distilled DNN, we used a shallower DNN to mimic the
intermediate-layer feature of the original DNN. For simplicity, we let the distilled DNN have the same architecture with the
decomposer net with seven ReLU layers. The distilled DNN usually addressed the problem of over-fitting. For example,
the distilled DNN based on ResNet-32 on CIFAR10-1000 had a 3.48% decrease in testing accuracy, without affecting the
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Figure 2. Visualization of feature components of different complexity orders on the CUB200-2011 dataset.
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training accuracy significantly.

4. Strong relationship between feature complexity and performance of DNNs
This section introduces more details about the regression task in Exp. 4.

To investigate the relationship between the feature complexity and the performance of DNNs, we learned a regression model,
which used the distribution of feature components of different complexity orders to predict the performance of DNNs. For
each DNN, we used decomposer nets with l1 = 4, l2 = 7, l3 = 13, l4 = 25 to decompose Φ(l),reli(x) and Φ(l),unreli(x). Then,
we calculated V ar[Φ(li),reli(x)−Φ(li−1),reli(x)]/V ar[f(x)] and V ar[Φ(li),unreli(x)−Φ(li−1),unreli(x)]/V ar[f(x)], thereby obtaining
an 8-dimensional feature to represent the distribution of different feature components. In this way, we learned a linear
regressor to use the 8-dimensional feature to predict the testing loss or the classification accuracy, as follows.

result =

4∑
i=1

αi ×
V ar[Φ(li),reli(x) − Φ(li−1),reli(x)]

V ar[f(x)]
+

4∑
i=1

βi ×
V ar[Φ(li),unreli(x) − Φ(li−1),unreli(x)]

V ar[f(x)]
+ b

where li ∈ {4, 7, 13, 25}.

For the CIFAR-10 dataset, we applied cross validation: we randomly selected 20 DNNs from 25 pre-trained ResNet-
8/14/20/32/44 models on different training sets in Exp. 2 to learn the regressor and used the other 5 DNNs for testing.1

These 25 DNNs were learned using 200-5000 samples, which were randomly sampled from the CIFAR-10 dataset to boost
the model diversity. We repeated such experiments for 1000 times for cross validation.

Table 1 reports the mean absolute value of prediction error for the classification accuracy and the task loss over 1000 repeated
experiments. The prediction error was much less than the value gap of the testing accuracy and the value gap of the task loss,
which indicated the strong relationship between the distribution of feature complexity and the performance of DNNs.

Accuracy Task loss
Prediction Range Prediction Range

error of value error of value
CIFAR-10 2.73% 28.73%-72.83% 0.49 1.59-6.42

CUB200-2011 5.66% 28.18%-56.18% 0.47 2.94-5.76
Stanford Dogs 3.26% 9.37%-37.95% 0.34 4.34-7.97

Table 1. The mean error of using the feature complexity to predict the classification
accuracy and the task loss. The prediction error was much less than the range of
the testing accuracy and the range of the task loss.
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Figure 3. Relationship between the fea-
ture complexity and the accuracy on the
CIFAR-10 dataset.

Figure 3 further visualizes the plane of the linear regressor learned on the CIFAR-10 dataset. The visualization was
conducted by using PCA (Wold et al., 1987) to reduce the 8-dimensional feature into a 2-dimensional space, i.e. (x, y) in
Figure 3. There was a close relationship between the distribution of feature complexity and the performance of a DNN.
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VGG-16 models to learn the regressor. One model was used for testing.


