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We have entered the age of information for more than two decades, and now we are entering the 
age of big data. Traditional supervised learning, which requires all labels for training a model, costs 
too many resources and thus becomes inapplicable nowadays. In vivid contrast, imperfectly 
supervised learning, which does not have such a requirement, is much less expensive and then more 
practical for real-world applications. To this end, this doctoral thesis is devoted to developing 
discriminative methods with imperfect supervision in machine learning. 

We have found six major problem settings that can be viewed as learning with imperfect 
supervision. This thesis focuses on three of them. Three learning models each with one or two 
algorithms are proposed for certain learning problems, namely, clustering, metric learning, and 
semi-supervised classification. 

Firstly, we investigate the clustering problem and propose maximum volume clustering (MVC). 
State-of-the-art clustering methods have many advantages, for example, the cluster shape can be very 
flexible. However, all of existing methods lack two important theoretical guarantees: Finite sample 
stability which analyzes when different local optima induce the same data partition, and clustering 
error bound which theoretically bound the clustering error from above. MVC employs the soft 
response vector as the hypothesis rather than the centroid or hyperplane, and is approximately solved 
by sophisticated optimization methods. Consequently, MVC is theoretically guaranteed with the finite 
sample stability and clustering error bound. Experiments demonstrate MVC is promising. 

Secondly, we investigate the metric learning problem and propose semi-supervised metric learning 
paradigm with hyper-sparsity (SERAPH). State-of-the-art semi-supervised metric learning methods 
are all based on manifold regularization and manifold embedding. These methods can successfully 
extract the similarity information of unlabeled data, but the dissimilarity information is simply 
ignored. Nonetheless, most unlabeled data should be dissimilar for rich enough input data domains. To 
this end, SERAPH learns a metric by learning a probability parameterized by that metric, while it 
employs entropy regularization so that it can also extract the dissimilarity information of unlabeled 
data. Experiments demonstrate SERAPH is promising. 

Thirdly, we investigate the semi-supervised classification problem and propose squared-loss 
mutual information regularization (SMIR). Information maximization methods for semi-supervised 
classification, as the state-of-the-art methods, can directly deal with the multi-class out-of-sample 
classification problem. However, all of existing information maximization methods are non-convex, 
and thus they have no access to the globally optimal solution. SMIR replaces the ordinary mutual 
information with the squared-loss mutual information, and the optimization involved in SMIR is 
strongly convex under mild conditions and then has the analytic expression of the unique globally 
optimal solution. Experiments demonstrate SMIR is promising. 

Given the encouraging experimental results of the proposed methods, we finally conclude that 
discriminative methods with imperfect supervision in machine learning are successful and worth a 
further study in the future. 
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