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Motivation

Learning by Association : A versatile semi-supervised training method 

for neural networks CVPR2017

Submodularity in Data Subset Selection and Active Learning ICML2015

Active Selection:

Batch Mode Active Learning:



Active Selection

Uncertainty :

A general assumption ：Good embeddings will have a high similarity if 

they belong to the same class

The uncertainty is measured on the similarity between labeled and 

unlabeled examples.



Active Selection

Uncertainty:



Active Selection

Uncertainty:

The loss penalizes incorrect associations and encourages to correct the 

distribution.



Active Selection

Influence（Representativeness）:

Dynamic combination:



Active Selection Example



Active Selection Example



Batch Mode Active Learning

Which Examples to Query?

Choose from a batch of unlabeled examples U, which has the top βt 

highest score.

Note: Use the most probable prediction yˆ according to the association 

probability



Batch Mode Active Learning

How to Query?

Use submodular functions to measure the utility of each subset

次模函数: 是一个集合函数，随着输入集合中元素的增加，增加单个元素到输入

集合导致的函数增量的差异减小。



Batch Mode Active Learning

𝑃𝑃 𝑦𝑦𝑖𝑖;𝜃𝜃 𝑆𝑆 = 𝑚𝑚𝑦𝑦𝑖𝑖(𝑆𝑆)/ 𝑆𝑆 其中，𝑚𝑚𝑦𝑦 𝑆𝑆 = ∑
𝑖𝑖∈𝑁𝑁

1{yi = y}

Define the submodular function

𝑃𝑃 𝑥𝑥𝑖𝑖 𝑦𝑦𝑖𝑖; 𝜃𝜃 𝑆𝑆 = 𝑐𝑐𝑒𝑒∥𝑥𝑥𝑖𝑖−𝑥𝑥𝑗𝑗∥22 = 𝑐𝑐𝑒𝑒𝑤𝑤 𝑖𝑖,𝑗𝑗 −𝑑𝑑 = 𝑐𝑐`𝑒𝑒𝑤𝑤 𝑖𝑖,𝑗𝑗 = 𝑐𝑐`exp( max
𝑠𝑠∈𝑆𝑆∩𝑁𝑁𝑦𝑦𝑖𝑖

𝑤𝑤(𝑖𝑖, 𝑠𝑠))

Generative likelihood

Prior likelihood



Batch Mode Active Learning

𝐹𝐹 𝑆𝑆



Algorithm

some hyperparameters

• δ which trades off the 

uncertainty and influence 

of examples

• {βt} the size of candidate 

set 𝑈𝑈𝑡𝑡, which trades off 

between the criteria of 

supervision score and 

submodular objective f



Algorithm for Classification and Clustering 



Experiments

• MNIST

• CIFAR-10^3

• IMDB

• RCV1

Datasets:



Classification Experiments

performs significantly 

better (p < .05) than the 

compared approaches



Classification Experiments



Classification Experiments

More Analysis on SSL Methods

• label propagation [59] 

• learning by association [21]



Clustering Experiments



Clustering Experiments



Experiments

Parameters Study



Experiments

Parameters Study
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