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Background

Consistency Regularization(Smoothness) 
The model’s output should remain unchanged when the input 

is perturbed.

Entropy Minimization(Low-density)
The classifier’s decision boundary should not pass through 
high-density regions of the marginal data distribution. 

Self-supervised contrastive learning

Distinguish instances by their similarity.
Another form of Consistency Regularization.

How to use similarity of instances in semi-supervised 
learning task to increase its performance  ?



Method 

Labeled examples CE loss 

Input weakly and strongly augmented unlabeled sample to the network to get prediction 𝑝𝑤 and 𝑝𝑠, 
unsupervised classification loss can be defined as the cross entropy between these two predictions:

Like in FixMatch



Method 

Distribution Alignment
Maximize the mutual information between the model’s input and output for unlabeled data.

Familiar entropy 
minimization objective

Model should predict each 
class with equal frequency



Method 

Two different heads

Instance Similarity Matching
Use 𝒛𝒃

𝒘 and 𝒛𝒃
𝒔 to denote unlabeled sample embedding from weakly and strongly augmented view, 

Labeled Memory Buffer stores K weakly augmented embeddings of labeled samples.
Use softmax layer to calculate similarities：

t is the temperature parameter that 
controls the sharpness of the distribution.
(From MixMatch)

Consistency regularization loss
(Self-supervised contrastive learning) 

Total loss is: 



Method 

Label Propagation through SimMatch
The generation of the instance pseudo-labels 𝑞𝑤are still in a fully unsupervised manner.
How to use labeled information sufficiently? 
Given a weakly augmented unlabeled sample, compute the semantic similarity 
and instance similarity
L is the number of classes , and K is the number of labeled samples .

semantic similarity 
space (L dimension )

instance similarity 
space (K dimension )

Unfold

Aggregate

Unfold

Aggregate

J iterates from 0 to K in 
Labeled Memory Buffer  

Replace the old one 𝑞𝑤 to generate 
Instance Pseudo–label 



Method 

Feature Memory 
Buffer 

Label Memory 
Buffer 

64M GPU space 1M  GPU space

Every Batch 

When K is large, use 
student –teacher model 

When K is small, use Temporal 
ensemble strategy 



Experiments

Performance on CIFAR-10 and CIFAR-100: 
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Ablation Study：
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