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Motivation 
1. Implicit feedback has gained increasing attention in rec- 
ommender system communities, and in real-world applications, 
there are usually various types of implicit feedback, which can be 
referred to as heterogeneous implicit feedback.  

2. Most existing methods work well only when just one type of 
implicit feedback is available, and cannot efficiently infer 
confidence levels of preference from heterogeneous implicit 
feedback.  
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Main idea 
1. Implicit feedback can be classified into: certain 
feedback such as purchase, which indicates full 
confidence of preference; uncertain feedback, such as 
click, collect, and cart, which indicates uncertain 
preference.  

2. Certain feedback and uncertain feedback are related. 

E

T
U×I

Certain feedback
Uncertain feedback

( , )u i U I∈ ×

( , )u i E∈

( , )u i T∈

Fig. 1  Heterogeneous implicit feedback.  
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Main idea 
3. We can infer the probability of the existence of certain 
feedback from uncertain feedback, which can be treated 
as the confidence of preference, thus we can represent 
the degree of confidence for uncertain feedback.  
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( , )u i T ′∈ means although certain feedback is not observed in historical 
data, but it may happen in the future. 
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Method 

Fig. 2. Framework.  
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Major results 
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Conclusions 

1. We propose a novel confidence-estimation method to 
quantify the confidence of user preference based on 
heterogeneous implicit feedback, by studying the internal 
relations of certain feedback and uncertain feedback.  

2. We also propose CL-BPR, which generalizes BPR and can 
construct more effective training samples from the 
heterogeneous implicit feedback data.  

3. Experiments on two real-world e-commerce datasets show 
that our methods outperform the baseline approaches.  
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