
Constrained Parameter Estimation for Semi-Supervised Learning 
Marco Loog 

Pattern Recognition Laboratory, Delft University of Technology 
Mekelweg 4, 2628 CD  Delft, the Netherlands 

Telephone. : +31 [0]15 27 89395, e-Mail : m.loog@tudelft.nl 
 

Keywords.  Semi-supervised learning; parameter constraints; self-learning; manifold assumption etc. 
 
Purpose. To introduce a conceptually novel approach to semi-supervised learning as a first step towards techniques that, in 
expectation, can generally exploit unlabeled data to their benefit. Current approaches fail to provide any performance guarantees 
and their performance may deteriorate with increasing numbers of unlabeled data. 
 
Approach. Current state-of-the-art semi-supervised learning techniques make additional assumptions about the underlying data in 
an attempt to exploit unlabeled data in the training phase. These assumptions, however, typically do not hold [perfectly] true and, 
as a result, making them can considerably deteriorate classification performance. Our proposal is to develop semi-supervised 
learning techniques that do not make assumptions beyond those implicitly or explicitly made by the classification scheme 
employed [c.f. http://dx.doi.org/10.1007/978-3-642-15883-4_19]. The overarching idea to achieve this is to exploit constraints and 
relations inherent in the parameters of a classifier and / or the data considered. This approach can lead to more efficient parameter 
estimation and, therefore, learning techniques. 
 
Results. Results for a nearest neighbor classifier are reported. The single, inherent constraint used is the one dictating that the 
[prior-weighted] sum of the class means should equal the overall mean of the data. Strictly enforcing this constraint typically leads 
to improved classification performance for our approach as can be seen in some of the examples below. The plots show how the 
error rate evolves with increasing amounts of unlabeled data. The black line corresponds to the regular supervised approach 
[which obviously is constant], the yellow line is the so-called self learning approach [a classical semi-supervised technique], and 
the red line gives the performance of our constrained approach. Initial results are promising as our approach seems to lead to 
deteriorated performance less often and in many cases outperforms the supervised nearest mean classifier. 
 
 
 
 

 


